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The best of science doesn’t consist of mathematical models and 
experiments, as textbooks make it seem. Those come later. It 
springs fresh from a more primitive mode of thought, wherein the 
hunter’s mind weaves ideas from old facts and fresh metaphors 
and the scrambled crazy images of things recently seen. To move 
forward is to concoct new patterns of thought, which in turn 
dictate the design of the models and experiments. Easy to say, 
difficult to achieve.

  —  E. O. Wilson, The Diversity of Life (1992)

Skillful observations are the foundation of ecological science. Ecosys-
tems are complex and confusing. They are composed of a large number 
of species and a vast number of interactions in which the relationships 
are nonlinear and characterized by many thresholds. Because the best 
approaches are not always obvious, we rely on classical analytical tech-
niques of simplification, analysis, and synthesis. Each step depends abso-
lutely on the good observations of sound natural history. The process of 
simplifying nature is difficult but essential. Science’s main objective is to 
make interesting, accurate generalizations about nature based on as few 
relevant parameters as necessary — all nature is trivially related, and mar-
ginally important parameters need to be weeded out so as to focus on the 
parameters essential for the generalization. Discovering the appropriate 
simplification is a critical component of the scientific process.

Our objective is to understand processes, not only patterns that we 
study with observations. One relies on astute observations by skilled 
naturalists to define hypotheses about the processes that seem to be par-
ticularly important, and these hypotheses are tested in many legitimate 
ways that depend on correct understanding of nature. Ideally, models are 
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created to generalize the processes that have emerged from the tests. Each 
step relies on observations of nature, and a good ecologist must have a 
broad synthetic mind, an ability to practice strong inference, and a sense 
of place or a feel for nature (that is, they must be respectful, alert, obser-
vant, and intuitive).

These procedures are well understood, but many have lamented the 
fact that powerful molecular and analytic tools have been joined with 
general theoretical models that are not actually grounded in nature. 
While such theoretical approaches can be very powerful, real understand-
ing and solutions to environmental problems must rely on life history 
biology, a deep understanding of taxonomy, the identification of strong 
interactions, and an intuitive appreciation of complex ecosystem dynam-
ics. Unfortunately, this latter expertise has fallen from favor in academe. 
A common problem is that hypotheses are based on and tested with inap-
propriate simplifications and assumptions due to a lack of good natural 
history. The danger is that bad assumptions can be measurable and pre-
cise, esthetically pleasing and apparently useful, but the hypotheses may 
be irrelevant to the natural world and/or make the right predictions for 
the wrong reasons.

Real progress in understanding nature must be based, first, on a deep 
sensitivity to natural patterns and processes across broad scales in space 
and time, and, further, on a deep understanding of the literature and the 
many powerful tools needed to test and generalize the results of scientific 
investigations. Our success as scientists depends upon successful inte-
gration of general theory and natural history. This book is dedicated to 
the goal of recovering a respect for excellent observations of nature. Such 
observations are fundamental to every component of the process of doing 
meaningful ecological research. This book needs to be read and appreci-
ated by ecologists in particular and all biology instructors in general.
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All of us are living in a time of transformation — economic, social, politi-
cal, and environmental changes are challenging us everywhere and con-
stantly. It seems obvious, then, that the science of ecology, which deals 
with the tangled web of relationships between organisms and the biogeo-
chemical world we live in, should also be in a transformative period. The 
methods, goals, participants, and even philosophies of ecology are chang-
ing. The changes we are seeing now are wrought from a convergence of 
unprecedented environmental challenges and remarkable new opportu-
nities to study ecological systems. Both the signal of this change in eco-
logical science and the vehicle for ongoing transformation is how we use 
observation to discover new phenomena, to achieve ecological understand-
ing, and to share ecological ideas.

This book is about harnessing the power of observation in order to 
participate in this most unique time to study ecology. In its essence, all 
ecology is primarily about the observation of nature, but in the reality 
of academic ecology, observations are quickly transformed into theory 
that gets tested on a computer, or experimental treatments in the field 
or in a lab that are manipulated to test well-defined hypotheses. These 
are important ways of achieving ecological understanding, methods that 
have dominated ecology for the last half century or so, but they have limi-
tations that become apparent the more ecological systems change.

A Time of Change and  
Adaptation in Ecology

I N T R O D U C T I O N

 R. Sagarin and A. Pauchard, Observation and Ecology: Broadening the Scope of Science 
to Understand a Complex World, DOI 10.5822/978-1-61091-230-3_0, 
© 2012 Rafe Sagarin and Aníbal Pauchard 
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In this book we focus on “observation-based ecology,” which we 
define as the ecology that relies on observations of systems that have not 
been manipulated for scientific purposes. This is a broad definition that 
subsumes a wide range of powerful ways of observing and making sense 
of ecological systems. Uncovering these approaches, their promise and 
their pitfalls, is what this book is about.

What do these kinds of observations look like? They may be the field 
notes of naturalists on the timing of spring blooms, logs from old whaling 
ships documenting the extent of pack ice, or very-high-resolution satel-
lite images that compile data on primary productivity. They may concern 
the most basic ecological questions like “Why do starfish come in differ-
ent colors?” or the most pressing socio-ecological concerns like “How fast 
will avian influenza spread?” They may be focused intently on one partic-
ular protein and what it says about an animal’s environment, or they may 
be sweeping views of interacting population, nutrient, and temperature 
cycles through decades of time and across entire continents. These obser-
vations may be the products of long-term government-sponsored moni-
toring programs, or the collective efforts of citizens who count birds in 
their neighborhood every Christmas, or the stories of old fishermen who 
have been meticulously documenting changes to their fishing grounds 
over decades. In other words, the observations that are becoming critical 
to today’s ecological understanding can come from anywhere and anyone, 
even if they have been taken with a completely different, often nonsci-
entific, purpose in mind. They can deal with the most minute as well as 
the largest scales of space and biology, they can be snapshots of single 
moments in Earth history or long series of observations made through 
decades, centuries, or millennia.

How do we use these observations? Some observational approaches 
simply provide new discoveries about ecological systems and thus are 
not much different from the approach of early naturalist-explorers. Often-
times, though, we are building an understanding of ecological dynamics 
by correlating one set of observed data against another, like looking at the 
relationship between long-term increases in temperature and long-term 
advancement of springtime events like budding and migration. Some-
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times we are checking observations against an expected pattern, as for 
example, when we look at the geographic ranges of butterflies through 
time to see if they meet the expectation that as climate warms, species’ 
ranges will shift toward the cooler poles. And given that we are living 
in a changing planet, observations are valuable for their ability to docu-
ment these changes, especially in recent decades as humans’ footprints on 
Earth become ever harder to ignore. The varying concentrations of ozone 
in the upper atmosphere over the southern pole, patterns of El Niño oscil-
lations, and the spread of an invasive agricultural pest across a landscape 
are all examples of uncontrolled transformations that can be studied 
observationally.

Are the kinds of observations we are talking about “scientific”? 
Observations taken as part of an experiment generally don’t receive this 
scrutiny because we tend to think of experimentation and manipulation 
of data as being at the heart of what science is and what scientists do. 
Such an observation only exists because a scientist devised a way to test 
a hypothesis and then recorded what resulted. But the kinds of observa-
tions we’re discussing in this book can be put into a scientific context 
before or after — sometimes long after — they are made.

Because of the often unplanned nature of how these observations are 
made, great care must be taken in their interpretation. Usually, no scien-
tist prescreened them or planned in advance exactly what observations 
should be made. Even in the case of long-term data from a monitoring 
program designed by scientists, the observations are often ultimately 
used in unexpected ways.

In many cases, the kinds of observations we discuss here are also 
uncontrolled — many variables, like predation, climatic factors, popula-
tion size, and maybe human impacts are interacting over large scales of 
time and space in observational data sets. Often we didn’t get to choose 
which of these variables made it into the data set and which were con-
trolled out of it. In some cases, though, there are “natural” controls that 
can be used to test the effects of a variable of interest (Diamond and Rob-
inson 2010). For example, the now-restricted area around the Chernobyl 
nuclear plant in Ukraine, which exploded in 1986, is a control of sorts on 
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the impacts of humans on wildlife. Without humans present for 25 years 
we can now observe a proliferation of wildlife and even the selective evo-
lution of organisms absent human impacts (Mycio 2006).

In most cases, though, where controlled comparisons aren’t inherent 
in the data, it is up to the ecologist to make controls after the fact by divid-
ing the data in ways that isolate different factors. For example, when Rafe 
studied changes to the tide pool communities of Monterey Bay between 
1930 and 1993, he obviously couldn’t control factors like water quality dur-
ing the intervening six decades, but he could look at how filter feeders 
(which would be more affected by changes in water quality than other 
animals) fared relative to scavengers or predators.

Despite options for dealing with unmanipulated and uncontrolled 
variables, observation-based ecology still raises the question “What is sci-
ence?” — and underneath that question lie other uncertainties that make 
some scientists nervous. How can the musings of an old dead naturalist 
be trusted? How can observations from a long-retired whaling fleet be 
replicated? What can imagery from miles above Earth tell us about the 
mechanisms of ecological interactions down on the ground? These spe-
cific types of questions reflect a more general criticism of observational 
approaches. This line of criticism emphasizes that we can’t get at the 
mechanisms underlying ecological phenomena just by observing them. 
Or that observations of naturalists and fishermen are just anecdotal “just-
so stories” that may sound interesting, but don’t amount to hard evidence, 
thus confusing rather than solving ecological questions. By this view, 
observations amount to “stamp collecting” — a hobby without a greater 
purpose. And there is always the admonishment, heard many times in 
critiques of our own work, that “correlation does not imply causation.” 
All of these arguments have legitimate roots, and none of them can be 
dismissed with a single blanket defense — in other words, they must be 
asked of every observational study every time. At the same time, none of 
these arguments are fatal to the premise that observational approaches, 
even without experimental manipulations, can be a legitimate source of 
scientific ecological understanding.

In many cases, observational approaches may be the only way to under-
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stand some ecological phenomena, especially as those phenomena grow in 
scale or become more inseparable, in their causes and effects, from human 
activity. We argue in this book that our innate observational skills are enor-
mously powerful and underutilized. We believe that these skills can be 
trained to be better, and that even when our sharply honed observational 
skills reach their limits, we can extend them still further, expanding the 
scale and resolution of our observations, by fusing our innate senses with 
new technologies. We also reject the notion that our observational skills are 
too prone to bias to be trusted. In fact, we argue the opposite — that through 
the process of becoming more astute observers of environmental change at 
multiple scales of space and time we become more aware of our potential 
biases and thus better able to account for them.

In recent decades, there has been an increasing amount of ecologi-
cal research that relies mainly on observational data. The shift in ecol-
ogy toward embracing observational methods is neither speculative nor 
is it a passing trend — both quantitatively and qualitatively it is very real. 
There are already discernible trends in scientific publishing that indicate 
this shift; for example, three leading peer-reviewed journals now pub-
lish greater percentages of primarily observational studies than they did 
20 years ago, as we discuss in Chapter 2. New observational data sets 
and long-term monitoring schemes are arising despite poor economic 
conditions.

But a lot of the change in ecology is not easily quantified. This is in 
part because it is happening at the level of students who are eager to take 
an expansive view of both the methods and outcomes of their research, 
but whose contributions are underrepresented in the overall “pheno-
type,” or outward appearance, of ecological science. Students are some-
times spreading their interest in observational methods by dragging their 
advisors along into their “new” ways of doing ecology. But these students 
are not alone. Even ecologists who have built entire careers on cleverly 
designed experimental approaches are rediscovering and advocating the 
power of observation. Furthermore, the need to rapidly address global 
problems is forcing ecologists to jump into the unpredictable waters of 
observation-based ecology.
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Taken together all this means that there is momentum behind the 
expansion of observational approaches in ecology, and we predict that 
they will continue to play a larger role in ecology. But there are two 
unusual characteristics of this growth. First, we don’t think this growth 
must come at the expense of other approaches in ecology. An increased 
appreciation of the power of observational studies doesn’t mean they will 
supplant experimental or theoretical approaches. In fact just the opposite 
will occur: embracing observation makes experimental methods more 
valuable and more efficient because instead of trying to answer questions 
that are better addressed through unmanipulated observations, experi-
ments can be used strategically to fill in the gaps that remain once many 
observations have been thrown at a problem. Observational approaches 
also make theory more valuable because they provide a pathway for vali-
dating theory with real data. We see this growth of observation as some-
thing that will be fully integrated within ecology. There is no need to 
declare a new field of ecology in the way that “conservation biology” or 
“molecular ecology” have their own courses and journals and specialized 
language and professional societies. Rather, the most important power 
of observational approaches is their potential to create better integration 
within ecological science and between ecological science and the larger 
world.

Observation-based ecology will bring more people and ideas into the 
tent of ecology, both because of its simplicity and its complexity. The sim-
plicity of going out into nature and counting, measuring, watching, and 
recording opens ecology to a non-elite, nonprofessional world where peo-
ple who don’t spend their lives as ecologists can nonetheless contribute to 
ecological science as collectors of data and as consumers of ecological ideas 
that they can then spread and inculcate into other endeavors, like politics 
and art. The complex side of observation-based ecology is a challenge that 
is already being answered by all kinds of scientists who may not consider 
themselves ecologists, from statisticians with new approaches to handling 
data, to molecular biologists with new techniques for observing ecological 
relationships at the smallest scales, to space scientists who are designing 
new missions to asteroids to study the likely ecology of the early Earth.



 7

A  T I M E  O F  C H A N G E  A N D  A D A P T A T I O N  I N  E C O L O G Y 

What You Will Find in This Book 
We address four main challenges in this book. First, we want to paint a 
clear picture of what observational approaches to ecology are and where 
they fit in the context of the changing nature of ecological science. Sec-
ond, we want to consider the full range of observational abilities we 
have available to us — from our innate observational capacities (which go 
way beyond what we can see) to our technologies, and to the many keen 
observers of the world who do not even consider themselves to be scien-
tists or ecologists. Third, we want to consider the challenges and practical 
difficulties of using a primarily observational approach to achieve a scien-
tific understanding of the ecological world. Finally, we want to show how 
observations can be a bridge from ecological science to education, envi-
ronmental policy, and resource management. The book is thus divided 
into four parts reflecting these challenges.

Part I sets up the framework for understanding the role of observa-
tion-based ecology as part of a scientific and societal enterprise. In Chap-
ter 1 we lay out what observation-based ecology looks like, how it relates 
to its ancestry in natural history and why it is different from the dominant 
experimental mode of doing ecology. We illustrate the scope of observa-
tional approaches, using examples from our own work and others to dem-
onstrate that observational approaches can be used across a wide range 
of activities related to ecological science. We will outline the sometimes 
surprising range of data sources, from Alaskan gambling contests to cen-
turies-old church records, that have already contributed to our modern 
understanding of ecological change. In Chapter 2 we trace the cyclical 
history that observational approaches have had within formal ecological 
science, from the late nineteenth century when, for example, naturalist 
Teddy Roosevelt complained about his studies at Harvard that “the ten-
dency was to treat as not serious, as unscientific, any kind of work that 
was not carried on with laborious minuteness in the laboratory” (Millard 
2006), to the recent revival of interest in natural history as a valid mode of 
scientific inquiry (e.g., Greene 2005; Dayton 2003). This chapter will take 
us to the present junction, when both traditional natural history and new 
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observational approaches that would have been foreign to early natural 
historians are assuming a more respectable role within today’s ecological 
sciences.

Part II covers the “how” of observation-based ecology. We start in 
Chapter 3 by illustrating the importance of utilizing multiple observa-
tional senses to achieve ecological understanding. Using examples such as 
paleoecologist Geerat Vermeij’s remarkable observational abilities despite 
his lifelong blindness, we show that abundant ecological information 
exists beyond our visual field. In Chapter 4 we expand our observational 
capabilities even further by reviewing the wide array of new technolo-
gies that allow us to expand our innate observational senses into previ-
ously unfathomable expanses of space, time, and sensory spectra. Remote 
sensing, for instance, allows us to view phenological changes and waves 
of species invasions across entire regions and at different spatial scales 
(Pauchard and Shea 2006). Molecular biology, which in the twentieth cen-
tury caused a deep rift between naturalists and supposedly more “rig-
orous” biologists (Wilson 1994), lends itself to observational approaches 
that are now being fully integrated with ecological studies (e.g., Kozak, 
Graham, and Wiens 2008; Alter, Rynes, and Palumbi 2007; Sagarin and 
Somero 2006). Animal-borne sensors are essentially turning animals 
into observers of the natural world and in the process overturning long-
standing assumptions about the basic ecology of even well-studied organ-
isms (Moll et al. 2007; Block 2005). Here we consider as a metaphor ecolo-
gist Carlos Martinez del Rio’s imagined “ecological cyborg” (Martinez del 
Rio 2009) — an organism that combines the observational skills of a sci-
entist, the passion of a naturalist and the technical acumen of a robot. In 
Chapter 5 we argue that the resurgence of observational approaches pres-
ents an unprecedented opportunity for creating a more inclusive ecologi-
cal science, a trend that is becoming evident in the much greater deference 
now paid to local and traditional forms of ecological knowledge, in the 
emergence of citizen-science programs that are both an educational tool 
and a rich data source, and, critically, in an embracing of social-science 
methodologies.

Despite our occasional unbridled exuberance, this book is meant to be 
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a primer about the promise and pitfalls of an expanded role of observation 
in ecology. Therefore, in Part III we will take pains to address the known 
and potential unknown shortcomings of observational approaches. In 
Chapter 6 we deal with the practical questions that arise: How can we deal 
with the deluge of data that often comes with observational approaches? 
Or on the other hand, how can we deal with spotty data sets, often col-
lected by observers long ago? How can we do observation-based ecology 
under adverse circumstances, especially in the developing world where 
ecology is both resource- and data-poor? Such questions arise to some 
degree in all science, but they are especially acute when there are sig-
nificant constraints to the scale of ecological studies or to the kinds of 
generalizations that can be drawn from them. We will argue in this book 
that we can no longer count on being able to manipulate all the variables 
we would like to if we are going to advance in ecology, but doing sci-
ence without manipulation resurrects many questions that drove ecology 
toward experimentalism in the first place. In Chapter 7, we will tackle 
these challenges in the same way we experienced them as observational 
ecologists — as difficult questions that arose during the course of planning 
our research, or in long, doubt-filled hours in the field, or as the critiques 
we received as we began to share our work (and were grilled, in our early 
presentations, by advisors, graduate committee members, and ruthless 
professors). When are correlations between data strong enough to be sci-
entifically defensible? Can we do science without clear hypotheses? And 
how can we uncover the underlying mechanisms of ecological interac-
tions when all we have is what has been observed?

Part IV focuses on what can be done with all these observations and 
how they can have a real impact on our society, going beyond the tradi-
tional avenues of academic publishing and conference presentations. Here 
again, we return to the potential power of observation-based studies to 
affect education, policy, and management related to natural resources 
and environmental change. In Chapter 8 we argue that observational 
approaches can be especially influential and informative to environmen-
tal policy debates. We consider that observational approaches don’t just 
convey the technical information needed in order to make sound, clear 
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policy decisions, but they also influence the emotional and sociological 
aspects of policy making in a way that few other types of science can. In 
Chapter 9, we argue that the same visceral reactions that may place obser-
vational studies in the center of policy debates also make observation-
based studies suitable for public education by enhancing our capacities to 
relate to nature and its environmental and conservation problems. Both in 
the collection and analysis of data from nature, and in the presentation of 
observation-based ecological studies, observational approaches naturally 
translate into compelling narratives and metaphors that can be commu-
nicated in a range of media. This includes formal and informal science 
education, from reinvigorating simple natural history – based field courses 
to nature films that use animal-borne sensors to reveal the ecology of 
organisms that few have had access to previously.

We close by considering some of the emergent properties of an 
observational approach to ecology. How can embracing observational 
approaches get us away from our labs and computers and back to the 
appreciation of nature that launched most of our careers in science? And 
likewise, how can society get closer to nature by embracing some basic 
principles of observation-based ecology?

Unlike a textbook, this book will mix the rather sober analysis of 
issues like science philosophy with very personal reflections of our enthu-
siasm for observational studies and the struggles we’ve had working in a 
manner that is still not fully part of the mainstream of scientific ecology. 
Moreover, although we use quantitative analyses where possible, many of 
the take-home messages we hope to impart will be told through stories, 
which we argue (in Chapter 7) are valid media for expressing scientific 
thoughts. Some of these stories will come from ecologists themselves, 
in the form of text boxes written by some of the most creative ecologists 
we know. We hope, then, that you won’t find reading this book to be a 
chore — also unlike a textbook.

The spirit of this book is that there are compelling and important 
questions emerging across vast stretches of space and time on our con-
tinually changing planet and that an increasing reliance on observation-
based ecology — a trend that is already occurring — may allow us to finally 
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answer these questions. We hope that our treatment of sometimes-con-
troversial topics will breach the old barriers between experimental and 
observational approaches. We recognize that experimental manipulations 
have played and will always continue to play a vital role in ecology. Just as 
there are questions experiments can’t answer, so too are there questions 
that simple observations will never be able to parse into useful compo-
nents. Indeed, we argue that the strongest ecological studies will combine 
observational and experimental approaches in an iterative back-and-forth 
exchange between ways of achieving ecological understanding.

The most important lesson from this book, we hope, is that it is an 
incredibly exciting time to be involved in the science of ecology. We are in 
the midst of a new era of discovery. Advances in observational technolo-
gies have documented new species and even whole phyla of organisms 
(Bourlat et al. 2006) and have revealed surprising new discoveries about 
species as familiar as squirrels (Rundus et al. 2007), as valued as blue-
fin tuna (Block et al. 2005), and as revered as great whales (Alter, Rynes, 
and Palumbi 2007). The discoveries being made are both astounding and 
frightening. Moreover, the increasing involvement of nonscientists in 
ecological observation (see Chapter 5) is erasing the boundary between 
scientist and nonscientist. And observational approaches afford a more 
straightforward transition between science in practice and science in the 
public eye, dissolving the perceived boundary between scientific commu-
nication and public communication. Observation-based ecology is built 
out of stories that emerge directly from observations; when newspaper 
reporters and school children and filmmakers and public officials ask 
us “What’s going on with this system?” we can begin to answer them 
directly — not with a mumbled, heavily qualified explanation contingent 
on a dubious scaling-up of results from a square meter to thousands of 
square kilometers, but with a straightforward call to simply look at the 
data. And finally, the boundaries defining what can be studied in sci-
entific ecology are also falling away. Even the most staid and traditional 
university ecology departments are now finding their ranks filled with 
students and young professors looking toward economics, law, public 
policy, history, and anthropology to guide their inquiries. An unexpected 
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side effect of this is that today’s ecologists, especially students, are liber-
ated from the pressure of “finding publishable results” from experiments 
having a fairly narrow scope. Rather, as an ever-larger set of variables 
becomes available for examination, the opportunities for serendipitous 
discovery of something completely unexpected are as great as they were 
when Darwin sailed around the world on the Beagle.

Just as in those early days of ecological discovery, now there are 
deeply compelling reasons to embrace observation-based ecology. The 
planet is changing — in many cases as a result of our failure to steward 
natural systems — but we now have an enhanced ability to understand the 
patterns and magnitude of those changes and share that knowledge with 
people all over the world.
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THE ROLE OF OBSERVATION  
IN ECOLOGICAL SCIENCE

Ecology has always been a science based on observing the natural world, 
so what has changed that we should now draw our attention to the act of 
observation within a scientific context? In a word, everything. Making 
sense of just how profound are the changes to our environment and our 
way of studying the environment requires putting ecology into its histori-
cal context. The opening part of this book looks at ecology’s ancient roots 
in natural history, its more modern manifestations as a rigorous science 
that has become well established in academic institutions, and its current 
trajectory toward becoming a multidisciplinary science, one that is more 
fully integrated with societal activities and concerns.

In Chapter 1, we lay out the premise that ecology has always been 
an adaptable science and argue that while a primarily experimental ecol-
ogy has served us well in the twentieth century, present conditions are 
pushing ecology to adapt to a new niche where broad observations are 
an increasingly important means, sometimes the only means, of making 
sense of a complex world. In Chapter 2 we dig a little deeper into the his-
tory of observations in ecology, to trace the evolution of ecology and to lay 
out why observations are now more prominent and more powerful than 
ever before.

P A R T  I
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To understand how ecology will serve us in this era age of rapid envi-
ronmental change, we need to understand that ecology is not a static dis-
cipline. It is continuously adapting to the changing world that ecologists 
find themselves living and working within. This chapter is about the 
most recent adaptation in ecology, which can be seen in both an increased 
use and increased diversity of observational approaches to understand-
ing ecological phenomena. This adaptation, like stepwise adaptations 
in nature, hasn’t created an entirely new and unrecognizable entity, but 
rather has grown recursively from the past state of ecology. Accordingly, 
we first discuss what ecology was for much of its existence and then we 
explore how the urgency of environmental change and the opportunity 
to study that change in unprecedented ways is providing a pathway for 
adaptation of the science of ecology.

Ecology as an Experimental Science

One of the prominent characteristics of the ecology since the mid-twentieth 
century has been the importance of experimental methods. This itself was 
an evolution from previous ecological methods. During this time, ecol-
ogy left behind its exploratory stage and progressed through stepwise 
advances by means of cleverly designed and carefully controlled planned 
experiments at relatively small scales in order to isolate the mechanisms 
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underlying various ecological phenomena. This is an attractive way to 
do science. By setting up experiments that tweak just a small number of 
variables and strict controls, one can often determine with some certainty 
that a particular causal factor leads to a particular ecological change. For 
example, an experiment to look at the effects of predation would be set up 
by erecting barriers around a plot to keep predators out, and the control 
would be plots where predators roam freely, and there may also be con-
trols on the experimental equipment such as partial barriers that let pred-
ators in while allowing the researcher to determine whether the experi-
mental equipment itself might have affected outcomes through shading 
or the disturbance of installing the equipment.

The manipulative experimental approach is also amenable to rep-
lication, provided there is enough space to place multiple copies of the 
experimental and control plots. This gives a researcher confidence that 
she can test a hypothesis — that is, a testable supposition, such as, “diver-
sity of species in this grassland is maintained by herbivory on species x, 
which would otherwise overgrow all the other species” — about an eco-
logical phenomenon. If the system is amenable to experimental treatment, 
a good experimental ecologist will probably be able to conceive of not just 
one, but multiple alternative hypotheses to test. Testing multiple alterna-
tive hypotheses that could be serially rejected was the aspiration of John 
Platt’s hugely influential “Strong Inference” (Platt 1964) approach to ecol-
ogy. In the early 1960s, Platt argued that ecology as a science would for-
ever remain a second-tier endeavor relative to apparently nobler scientific 
pursuits like chemistry, physics, and molecular biology, until it got its act 
together and developed a more rigorous framework.

It is easy to see why this experimental approach has been so widely 
adopted by ecologists. With a manipulative experiment, you know you 
are going to get a result, or you know the steps you need to take to get a 
result. Well, at least you are more likely than not to get a result — in real-
ity many experiments go awry because of unexpected forces of nature 
(maybe strong El Niño storms that rip all your experimental plots off the 
intertidal rocks where the plots were painstakingly installed). And while 
experimental work is rarely easy — our colleagues have spent countless 
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hours scuba diving in frigid Alaskan waters, trekking up South Pacific 
highlands in 99 percent humidity, and mucking about in malarial swamps 
to deploy, check, repair, and reap data from their experimental setups — 

it is fairly tractable. That is, it is very likely that someone could conceive 
of, plan, deploy, analyze, and write about a good experiment within the 
duration of an extended field course or a graduate-school career. And 
most important, these features make experimental work inherently fund-
able, because the experiment has a specific purpose, clear methodologi-
cal stages, and a relatively constrained set of possible outcomes — very 
little is left to chance. Once the experiment has been conceived, it is fairly 
straightforward to explain to a funding agency like the National Science 
Foundation (NSF) that the experiment will perform as promised, that it 
will deliver a particular set of data, and that it will answer a particular set 
of ecological questions.

Manipulative experiments and strong inference have long been impor-
tant in ecology. They have been used to tackle questions across the spec-
trum of ecological inquiry — from what controls the dynamics of an eco-
logical community, to why does that animal behave in such an odd way, 
to how does a limpet navigate its way home to the same spot after every 
high tide? At the same time, it is easy to see why we as ecologists have 
been forced to expand outward from this niche. Manipulated experiments 
can only do so much. And it happens that where they fall short is exactly 
in the place where we now desperately need more ecological understand-
ing. The scale and the dynamics of many observed ecological phenomena 
have leapt beyond the scales of time and space that are readily controlled 
in experiments. In particular, the really big environmental problems we 
face today — global climate change, collapsing biodiversity, ocean acidifi-
cation, nitrification of huge water bodies, and the widespread emergence 
of invasive species and new infectious diseases, to name a few — are all 
very difficult to study by manipulating variables and repeating cleverly 
designed experiments.

You can certainly put some marine creatures into a beaker of seawater, 
drop the pH a few points and see if they can still form calcified shells, and 
that is important knowledge. But it’s going to tell you precious little about 
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the fate of those same creatures spread out across an entire ocean basin 
that is acidifying due to carbon deposition in some places but not others 
as the organisms navigate its swirling eddies and trash gyres, experience 
countless ecological interactions, and evolve with the constantly changing 
conditions. In other words, both the scale and the dynamics of small labora-
tory and field experiments often bear little resemblance to what is going 
on in the larger world. And then, even if we could get the funding and 
could work out the logistics of experimentally testing and controlling for 
all these complex dynamics at the scales at which they work, would it be 
ethical to do so? It doesn’t seem to make sense, if we are worried about the 
potentially catastrophic effects of large-scale environmental change like 
ocean acidification, to replicate these changes on a grand experimental 
scale.

There is also an urgency to the environmental problems we are fac-
ing that places an enormous burden on ecological studies. In order to be 
truly useful for both identifying and potentially solving these problems, 
we need information quickly (as in now), we need it to tell us about what 
is going on across large spatial scales, and we need it to tell us some-
thing about the relationship between the human social and nonhuman 
ecological components at the heart of the problem. These things are way 
outside the niche of typical experimental ecological studies.

Adapting to Change

But even as ecology is outgrowing its niche, it is already adapting to deal 
with these difficulties. What does this adaptation in ecology look like? We 
argue in this book that it is based in observational approaches and that it 
may look like a return to the old ways of ecology, but it is also a lot more 
than that. For example, there is a strong element of good old-fashioned 
natural history — the ancient human practice of observing and recording 
the diversity and changes of nature (as Tom Fleischner helps illuminate 
for us in Box 1.1) — in the new observational approaches we are seeing. 
There are, in fact, many concepts of what “natural history” is (Attenbor-
ough 2007; Fleischner 2005; Arnold 2003; Dayton and Sala 2001; Apple-
gate 1999; Bartholomew 1997), and undoubtedly there will be times in this 
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book where our ideas converge almost fully with one of them, and there 
will be times where we diverge quite far from the usual definitions of nat-
ural history. Our concept of observational approaches to ecology is both 
more and less than natural history. It is more than natural history because 
it incorporates remote observations, like those from satellite mapping and 
cameras strapped to whales, that are far removed from the human expe-
rience of nature usually associated with natural history (although some 
bold thinkers like Carlos Martinez del Rio argue that modern natural his-
torians should fully embrace these technologies as part of their practice, 
see Chapter 4). Ecology is also less than natural history because we are, as 
much as possible, limiting our discussion to the scientific practice of ecol-
ogy, whereas natural history, although potentially scientific, also widely 
embraces writing and poetry and art and philosophy. (See naturalhistory 

network.org for examples of the broad scope of natural history.) 
The observational approaches to ecology we discuss in this book also 

reflect a return to earlier ecological inquiries because they are often inte-
grative of the social component of ecological systems, both in the types of 
data they are using and the types of questions they are addressing. Early 
ecologists were naturalists who took painstaking observations of natural 
systems and attempted to piece those observations together into a more 
holistic understanding of the world. Many were devoted to the idea that by 
understanding ecological systems we could gain understanding of human 
social systems. They were also surprisingly interdisciplinary without ever 
invoking that awkward word. Working after the horrors of the First World 
War and in the growing shadow of the Second, they were intensely inter-
ested in what studies of the relationships of organisms in nature had to say 
about conflict and cooperation among humans. Warder Allee, for example, 
felt that unexpected benefits came from cooperation among animals and 
that similar emergent benefits could accrue to human societies that mod-
eled themselves after animal communities (Allee 1951, 1943). One of his 
students, the marine ecologist Edward Ricketts, noted that “the laws of ani-
mals must be the laws of men” and further refined his thinking through 
fruitful collaborations with writers like John Steinbeck and philosophers 
such as the mythologist Joseph Campbell (Rodger 2006; Tamm 2004).
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Likewise, ecological science today is increasingly cognizant of the 
social implications of ecological systems. Some fields within ecology, 
such as conservation biology, are already well along this path. But obser-
vational methods are cropping up all over ecological inquiry and also 
spreading ecology far out into other realms of inquiry. One of Rafe’s more 
unusual projects, for example, is working with an interdisciplinary group 

BOX 1.1

Natural History: The Taproot of Ecology

THOMA S L .  FLE ISCHNER

A dozen college students lean into the steep hillside above the snout of the enor-

mous valley glacier. For the moment, though, they pay no heed to the massive 

muscle of ice — their attention is focused, laser-like, on the enchanting internal 

structures within tubular corollas. The world suddenly takes on new depth and 

beauty as these details emerge as tiny, significant patterns.

Groups of curious urbanites — in bright clothing and rubber boots — wade into 

the mountain stream with dip nets, squealing with surprise and delight as wriggly 

invertebrates emerge from the black ooze.

A young Charles Darwin comes ashore on equatorial islands, midway through 

a five-year voyage, and carefully observes, then records, the lengths and shapes 

of the bills of the small birds he finds.

At a predetermined moment, small clusters of biologists begin identifying and 

counting shorebirds on the expansive mudflats, trying to learn how important this 

mangrove estuary is to the lives of these intercontinental migrants.

Each of these encounters is an example of the oldest continuous human 

endeavor — natural history, the practice of intentional, focused attentiveness and 

receptivity to the more-than-human world. Barry Lopez noted that natural his-

tory “is as old as the interaction of people with landscape.” Simply put, there 

have never been people without natural history. Every hunting-gathering culture 

throughout the history of our species practiced careful, deliberate attentiveness 

to nature — indeed, survival depended on it. Pliny the Elder coined the term natu-
ral history in the first century AD with the publication of his encyclopedic Historia 
Naturalis — literally, “the story of nature.”

Natural history — careful description based on direct observation — provides 
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of ecologists, anthropologists, psychologists, public health experts, and 
counterterrorism experts, as well as soldiers, cops, firemen, and spies, to 
figure out what we can learn from 3.5 billion years of biological evolution 
for security questions in modern human society (Sagarin 2012; Sagarin et 
al. 2010; Sagarin 2010). Although some people have called this “Natural 
Security” project a “new” approach to security questions, it is essentially 

the empirical foundation for biology, geology, anthropology, and ecology. The first 

textbook in ecology, Charles Elton’s Animal Ecology (1927), began: “Ecology is a 

new name for a very old subject. It simply means scientific natural history.” Most 

theoretical breakthroughs in ecology have come from thinkers accomplished in 

field natural history. Witness Charles Darwin and Alfred Russel Wallace, who 

were both committed naturalists, and E. O. Wilson, who titled his autobiography 

Naturalist. However, academic science in the twentieth century placed abstract 

theorizing on a pedestal, and devalued the basic descriptive science on which all 

abstract models are based. The bottom line: without accurate empirical observa-

tions, theory is just so much fluff. And, as Harry Greene has pointed out, new 

natural history information about organisms continually resets research agen-

das — helping scientists ask better questions and refine theories.

Conservation, too, has always depended directly on natural history. How can we 

save species from extinction if we don’t know where they are, when they’re there, 

and what they’re doing? Moreover, for many of us who do field ecology, I suspect, 

our commitment to conservation has been deepened as much by our direct per-

sonal encounters with the world’s brilliant wildness as by the data we’ve collected.

Aldo Leopold frequently deplored the loss of traditional natural history study. 

In 1938, he delivered an address entitled “Natural History — the Forgotten Sci-

ence,” in which he criticized the new wave of science that increasingly took things 

apart but failed to explain how they were connected. Leopold objected to the way 

science forsook natural history when, as he saw it, society needed it most.

Society still needs natural history. Ecology grounded in the best natural his-

tory is more dependable, and less vulnerable to political meddling, than science 

floating on a sea of abstractions. Sustainable resource management depends on 

natural history insight. And natural history can inoculate society with gratitude for 

the uplifting beauty of the world, and with the humility this engenders.
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doing exactly what Allee and Ricketts and many other early ecologists 
were doing decades ago — taking their observed knowledge about how 
natural organisms solve environmental problems and connecting it to 
unsolved societal problems.

But there is also a big difference between what ecologists are doing 
now and what those long-gone renaissance men and women were 
doing, and it has to do with the different opportunities available to today’s 
ecologists, arising from new technologies and advances in old technolo-
gies that allow us to observe ecological systems in wholly unprecedented 
ways. Thanks to remote sensing, genomic screening, and animal-borne 
sensors, to name a few technical marvels, we can now conduct ecology at 
the very smallest levels of biological organization — at the level of gene-
environment interactions — and also at the vary largest levels by observing 
whole regions of the planet at once. We are even breaking past the bound-
aries of planet Earth and considering extraterrestrial ecological questions 
such as, what are the conditions available to support life on Mars?

Rediscovering natural history. Embracing the social sciences. Looking 
beyond academia for knowledge. Using humans as the focal points of eco-
logical studies and animals as the observers. Adopting technologies once 
reserved for the CIA and NASA and biotech corporations. All these rela-
tively recent additions to an ecologist’s repertoire are collectively stretch-
ing and pushing the science into all sorts of new directions. Besides their 
common roots as essentially observational methods for looking at ecologi-
cal relationships, is there a way to characterize how these newly acquired 
tools are affecting ecological science?

The Domains of Observation-Based Ecology

One way to organize all these different ways of using observations in 
ecology is to consider the “domain” in which we’d like to conduct sci-
ence. Steward Pickett and colleagues, who have attempted to define a new 
twenty-first-century philosophy for achieving ecological understanding 
(Pickett, Jones, and Kolasa 2007), use the concept of domain to mean the 
“phenomena or scales of interest” of an ecological study. In its simplest 
form, the domain is defined when we ask, “What is this study about?” 
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The domain then acts as a filter through which all the data we gather, the 
theories we consider, and the hypotheses we conceive must pass in order 
to become part of our study. For example, if our question is “Why are 
there some purple sea stars and some orange ones?” our domain is basic 
ecology, and it is likely that theories about environmental justice or data 
sets on income inequality between coastal human populations will not be 
all that important in our study.

There are at least four domains in which observational approaches 
can play an expansive role. First, there is the “purpose” domain which 
deals with the goals or aspirations of a particular study. Is it basic ecol-
ogy, aimed at discovering or describing a new phenomenon? Is it applied? 
Or is it to educate? Observational approaches work well in all of these 
realms. There are countless basic questions about ecology that can be 
approached with large amounts of observational data. For example, Rafe 
and colleagues used 14,000 observations of starfish color and size to reveal 
that across almost the entire range of the starfish, the ratio of orange- to 
dark-colored starfish remained virtually unchanged, a completely unex-
pected and hard-to-explain pattern based on experimentally derived the-
ories of color polymorphism (Raimondi et al. 2007). While experimental 
approaches also are well suited to addressing basic ecological questions, 
they have often failed to provide needed insight for applied questions. For 
example, in the U.S. Pacific Northwest, which hosts Friday Harbor Lab-
oratories, the second-oldest marine biology laboratory on the U.S. West 
Coast, ecologist Terrie Klinger was frustrated and embarrassed to find 
that almost none of the ecological studies conducted there over the past 
century (which were mostly experimental) could help local communities 
who asked her for scientific advice on conservation and restoration plan-
ning (Klinger 2008). Even a simple monitoring scheme to track popula-
tions of key species at several sites around Friday Harbor would have 
been invaluable.

Second, there is a domain dealing with the level of biological complex-
ity that is being studied. Here as well, observational approaches amply fill 
the space, potentially providing insight at both the molecular level and 
the global ecosystems level. For example, studies like Brian Helmuth’s, 
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which use temperature sensors meant to mimic a living mussel to observe 
the heat environment of intertidal organisms (Helmuth 1998), can be com-
bined with population-level analysis of where mussels are abundant or 
not, molecular analysis of heat shock proteins (an indicator of stress in an 
organism) (Roberts, Hofmann, and Somero 1997; Somero 1995), and even 
genomic analysis of the genes that regulate stress proteins (Hofmann and 
Place 2007) to get a realistic characterization of how organisms respond 
to stress, or to test biogeographic theories such as, “Marine species will be 
more stressed and show lower populations as their populations are closer 
to the equator.”

Third, there is a domain dealing with the scale of the study in time and 
space. It is often difficult to conduct experimental manipulations across 
multiple scales of space and time and impossible to conduct a manipula-
tion of a past ecological state. For example, marine ecologist Bruce Menge 
and colleagues attempted to replicate Robert Paine’s classic “keystone pre-
dation” experiments, in which predatory sea stars were excluded from 
experimental plots on rocky shorelines along the West Coast of the United 
States, but they encountered an obstacle — the habitat type was much dif-
ferent in California than in Washington, where the original experiments 
were conducted, confounding some of the results (Menge et al. 2004). 
Observations fill vast areas of space and long stretches of time, and the 
variation encountered across those scales is not considered a confound-
ing nuisance but another aspect of the study system to consider. Obser-
vations can aid experiments by filling in the dark spaces — those scales 
where experimental manipulations are unable to shed any light — and 
they can be used to identify the most important scales in which to con-
duct experiments.

Fourth, there is an institutional domain that is concerned with the 
type of people and organizations involved in ecological science. This 
domain represents a recognition that ecological knowledge is generated 
not just in academic institutions, but through citizen-science efforts (such 
as the USA National Phenology Network, described by Jake Weltzin in 
Box 1.2), through collaborative science projects between managers and 
resource users, and through a range of new and traditional media. Outside 



BOX 1.2

Citizen Science: Tracking Global Change  

with Public Participation in Scientific Research

JAKE F.  WELT ZIN

Within the fields of science and natural resource conservation, unprecedented 

public access to technology and information (e.g., though online herbariums, 

species identification tools, mobile applications for image capture and data 

entry, and community discussions), has enabled people without scientific train-

ing to make significant contributions to scientific knowledge. This fact, combined 

with an increasing awareness by scientists that their numbers are far too few to 

adequately answer continental- and global-scale questions in a rapidly changing 

world, has led to the development of “citizen science.” Today, in fields as varied 

as ecology, ornithology, astronomy, and public health, research collaborations 

between scientists and members of the public are not only helping collect and 

organize otherwise inaccessible information and data, but are also advancing 

scientific knowledge that is being applied to issues related to rapidly changing 

environments across both local and global scales.

One such project that teams citizens with scientists is the USA National Phe-

nology Network (USA-NPN; usanpn.org). The goal of the Network is to establish 

a national science and monitoring initiative focused on the timing of seasonal 

biological events — such as flowering, migrations, and breeding. Phenology is a 

critical aspect of human life — affecting, for example, agriculture, gardening, 

health, cultural events, and recreation — and of nearly all ecological relationships 

and processes. Changes in phenology are among the most sensitive and widely 

observed responses to climate change, and they are relatively easy to observe. 

People have been tracking phenology for thousands of years for agricultural and 

cultural purposes, and people still use phenological events, such as the appear-

ance and falling of leaves and the arrival and departure of migratory birds, to 

track the seasons.

The Network seeks to integrate science and education by encouraging people 

to make phenology observations that connect them with nature and involve them 

in the scientific process, and at the same time capture data that scientists are 

eager to use. Phenology is well suited for this purpose because it is already a 

primary way that people connect with nature (despite the fact that most people 
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the academic and (occasionally) the government resource agency parts of 
this domain, the data gathered and the methods used here are almost 
exclusively observational, rather than experimental or theoretical. Fish-
eries managers need simple observations of populations and individual 
sizes of fish from the fishermen-observers they work with. Communities 
concerned about local water quality want a way to make observations of 
the bacterial load or the metal content of the water and share these obser-
vations with elected officials or local polluters. And the Discovery Chan-
nel wants to show the fangs and blood and terror when a lynx consumes 
a snowshoe hare before a stark Arctic background, not the trigonometric 
oscillations of theoretical predator-prey cycles determined by the Lotka 
Volterra equations. This distinction with academic ecology highlights the 
fact that the pathway connecting ecological science and social endeavors 
runs straight through an observational approach to ecology. 

Taken together, these approaches give us a lot of ways to study some-
thing, almost anything, in an ecological context. It is easy to find exam-

are unfamiliar with the term phenology), and it is an area of rapidly growing sci-

entific interest. The Network has worked with scientists and educators to develop 

a suite of tools to recruit and retain observers, to share information with and 

among scientists, educators and managers, and to provide feedback to observ-

ers. We are also developing systems for storing, sharing, visualizing, and analyz-

ing the vast amount of data we receive.

Thus, by engaging a willing public in a meaningful scientific activity, in col-

laboration with expert scientists, the Network confronts the real issue of global 

climate change and engages the public while providing information critical to sus-

tainability in a rapidly changing world. New phenology networks are also appear-

ing in Australia, Italy, Switzerland, and Turkey and are joining established proj-

ects in Austria, the Netherlands, China, and Great Britain, among others. The 

next challenge will be to integrate, share, and apply data on an international 

scale to better illuminate patterns and processes that operate across national 

boundaries.



 27

A N  O B S E R V A T I O N A L  A P P R O A C H  T O  E C O L O G Y 

ples of all of these ways of using observations in the current ecological 
literature (see Chapter 2) and in doing so, we are quickly reminded that a 
diversity of approaches leads to an even larger diversity of findings. For 
example, just looking at how new molecular observational techniques are 
used in ecology (see Chapter 4) we find studies that estimate the historic 
populations of endangered whales (Alter, Rynes, and Palumbi 2007), stud-
ies that reveal that wild harvesting such as hunting has effects on both 
individual organisms and their populations (Allendorf et al. 2008), and 
studies that examine stress in organisms across their geographic range 
(Sagarin and Somero 2006).

In some sense, the diversity of findings that comes from observational 
approaches arises from the methods themselves. Theoretical and experi-
mental studies necessarily test hypotheses under a number of restrictive 
assumptions and are designed to carefully control variation that doesn’t 
fit within those assumptions. This makes these studies more likely to 
get results, but the results will accordingly fit into a fairly restricted set. 
Although observational studies can also be used to test specific hypoth-
eses, they often have an exploratory or speculative component, which 
means that almost anything can show up in the results. A study by John 
McGowan and Dean Roemmich that showed a 70 percent decline in zoo-
plankton in southern California, for example, arose from a long-term 
study designed to figure out why sardine populations were crashing in 
the mid-twentieth century (Roemmich and McGowan 1995). Another 
study by Rafe of human poaching impacts on limpet populations was 
only possible because of a long-term monitoring program to characterize 
intertidal communities in the case of an oil spill (Sagarin et al. 2007).

As broad and as unpredictable as these possibilities for observation 
are, it is remarkable that they are still well contained within the science 
of ecology. Observation-based approaches don’t represent a “new” ecol-
ogy, but rather an evolved ecology that has adapted to external forces 
and capitalized on abundant opportunities. The change has been fairly 
rapid. We have seen it occur over just the few years between our graduate 
studies and our current positions teaching and researching ecology in 
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Concepción, Chile, and Tucson, Arizona, and even as we write this book 
we know that the science is continuing to change. Like all evolutionary 
pathways, the journey of ecology to its current form has a unique history 
that is inseparable from its present state. And just as with natural organ-
isms, understanding that history, as we attempt to do in the next chapter, 
is essential to understanding ecology’s present form and future potential.
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Where did all these observational approaches to ecology come from, and 
why now, when ecology has had a fairly long run as a respectable disci-
pline using robust theory and controlled experiments, have they begun 
to emerge everywhere we look? This chapter uses the historical context 
of how the science of ecology has changed to illustrate that the current 
changes are both a reflection of an earlier period in ecology and also a 
unique manifestation, wholly of the current period in environmental 
history.

The Roots of Ecology

At its roots, ecology is an observational science, borne out of the work of 
amateur naturalists and gradually transformed in the late nineteenth and 
early twentieth centuries into a professional discipline in private labora-
tories and universities (Fleischner 2005), but it has never been a mono-
lithic enterprise with a single focus and a single pathway for achieving 
ecological understanding. Throughout this history there has been a ten-
sion between broad, expansive views of ecology — represented by efforts 
to relate observations of natural phenomena to larger questions in biology 
and sociology — and a desire to make ecology a “rigorous” science, repre-
sented by well-controlled tests of theory and predetermined hypotheses.

This tension has driven continual change in the science of ecology, but 

Observational Approaches  
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the changes haven’t been random. Like most sciences, and like biological 
organisms themselves, ecology has grown recursively, that is, by building 
on its own past, and even as it explores new ideas and expands the prob-
lem-solving space in which it works, it often returns to previous ideas. In 
this way the growth of ecology is like the growth of a shelled mollusk — it 
is a spiral path. The coordinates along this spiral at any given time give 
ecology its dominant identity, but because it is a recursive form with a 
traceable history, its past identities are almost always accessible.

Both the dominant themes and continually changing nature of ecol-
ogy are easy to observe just by clicking through the electronic archives of 
an esteemed peer-reviewed journal such as The American Naturalist. Con-
sider a jaunty paper from 1869 by Samuel Lockwood in volume 3, issue 5, 
with its vague and innocuous title, “Something about Crabs” (Lockwood 
1869). The paper epitomizes both the type of people conducting ecological 
inquiries in the Gilded Age and the giddy spirit of discovery that drove 
early ecologists. Using the royal “we” of a proper nineteenth-century gen-
tleman, Lockwood relates some charming anecdotes about various crabs, 
making literary allusions, drawing wide-ranging metaphors, and often 
delving into what modern scientists would sneeringly call “anthropomor-
phism” to describe the crabs as knights in armor, ladies of high stature, 
or crude strumpets. Describing the spider crab Libinia canaliculata (now 
called Libinia emarginata) Lockwood writes:

She does not covet society, and so withdraws to a cozy grotto, whose 
walls are green with the tender little fronds of the young sea-lettuce, 
the Ulva latissima, and the delicately crimped ribbon leaves of the 
Enteromorpha intestinalis. It did not please us much to see the pert 
Libinia, with her nippers like little shears, snipping off the velvet lin-
ing of the cave. Being indulgent we did not interfere, but left her to 
her own enjoyment. When we returned, out came Mrs. Libinia in full 
dress to greet us. On every spine of her uncouth carapace was a green 
ribbon, — all gracefully waving as she strutted in the open grounds 
of the establishment. What a sight to look at! And what a lesson in 
animal psychology! What was the mental process? Was it a device — 

“a moving grove,” like Macduff’s, in order to deceive its prey? If so, 
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what intelligence! Or, was it her vanity? Done just for the looks of the 
thing! If so, what inexplicable caprice!

Anecdotal reports on the ecology of species such as this were consid-
ered crucial to advancing the understanding of the natural world. Consid-
ering that these were the first records of many natural phenomena, rather 
than detailed investigations of minute subfields, authors like Lockwood 
attempted to make the language relate broadly to familiar ideas.

But as it became more specialized and began generating momen-
tum from within, ecology developed its own internal exclusive language 
and methods. Fast-forward from the late nineteenth century to the latter 
part of the twentieth century and in The American Naturalist you might 
find an article like Laurence D. Mueller’s “Density-Dependent Popula-
tion Growth and Natural Selection in Food-Limited Environments: The 
Drosophila Model” (Mueller 1988). This paper uses a “model system” (as 
animals with easily manipulated traits such as the fruit fly Drosophila and 
the nematode worm Caenorhabditis elegans are called by biologists) to test a 
highly simplified, mathematically derived theory about how populations 
of organisms should grow (a “density-dependent” function, meaning that 
as the density of the population gets larger, the rate of its growth changes, 
perhaps due to food limitation or crowding). The author argues that even 
though density dependence has rarely been shown in natural popula-
tions, and that “attempts to model density-dependent natural selection in 
variable environments . . . have yielded odd results,” it would nonetheless 
be valuable to test the formal tenets of density-dependence theory with a 
highly controlled model system in a controlled environment. Notice the 
many ways this differs from Lockwood’s attempts to connect his direct 
observations of a relatively unknown organism to things that a literate 
audience could relate to. Now there is specialized language and there are 
even specialized organisms. The method is not to compare something 
that had been observed to an anthropomorphic construct, but to com-
pare something that should have been observed (but hadn’t actually been 
observed yet) to a mathematical construct.

Fast-forward again through the electronic pages of The American Natu-
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ralist, this time to the twenty-first century, and you will find “The Impor-
tance of the Natural Sciences to Conservation” by Paul Dayton (Dayton 
2003), a marine ecologist well known for his classic experimental stud-
ies in Pacific coast tide pools. Dayton here makes a strident plea against 
reductionism in ecology (and by association even the work upon which he 
built his early career) and for a renewed focus on teaching observational 
natural sciences at all levels in order that ecology might restore its ability 
to be useful for biological conservation. This paper is filled not with the-
ory or experimentation, but with observations — historical photographs of 
huge sea bass hanging on fishermen’s lines, fields of thousands of enor-
mous lobster carcasses, and intertidal rocks carpeted by abalone — images 
that speak of once-robust natural systems.

Although cherry-picked for illustration, these papers well repre-
sent the different phases that ecological science has gone through. Very 
roughly, these phases include, first, a period of discovery from the late 
1800s to the mid-twentieth century, followed next by a half century of 
increased dominance by theoretical and manipulative approaches that 
sought to find either general laws in ecology or at least well-supported 
isolation of causal mechanisms, and most recently the present century of 
observation-based ecology in which a renewed focus on natural history is 
the catalyst (if not the complete impetus) transforming ecology.

The early period of formal ecological science was marked by new 
observations of nature matched to many speculative questions and the 
formation of basic theories. Early ecologists like Joseph Grinnell asked 
big, thoughtful questions that required large observational data sets, such 
as “What is the role of the accidental?” (referring to the frequency of, and 
future prospects for, birds that appeared only one time in a given region’s 
bird list) (Grinnell 1922). Debate began on whether ecological commu-
nities were themselves identifiable complex organisms, as Frederic Cle-
ments argued (Clements 1936), or merely the result of many individual 
contributions, as argued by H. A. Gleason in a classic paper, “The Indi-
vidualistic Concept of the Plant Association” (Gleason 1926). These ques-
tions were at the heart of what Sharon Kingsland later referred to as the 
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“sometimes crude but often imaginative and optimistic beginnings” of 
ecological science (Kingsland 1991).

Refining Ecology with Experimental Approaches 
In the mid- and late twentieth century, ecologists sought greater rigor in 
their work and hoped to identify consistent laws in their findings. During 
this period, mathematical ecology flourished in an attempt to simplify 
and understand ecological complexity using a common language, and 
more rigorous experimentalism arose to try to move beyond the argu-
ments by association with observed phenomena that appeared to render 
ecology less “scientific” than other natural science disciplines.

That this phase emerged following the discovery of DNA and the rapid 
rise of molecular biology seems to be no accident. The very science of biology 
was redefining itself, and ecology became obscured in the shadow of the 
bright light shone on molecular discoveries. The tension between ecology 
and molecular biology was personified in the divergent paths of two young 
biology professors who both started their careers at Harvard in 1956 — the 
ecologist E. O. Wilson and the co-discoverer of the structure of DNA, James 
Watson. As Wilson tells it, while the brash Watson was lauded for his zeal 
in modernizing biology, ecologists such as Wilson were considered noth-
ing more than “stamp collectors” and shunted away into the backwaters of 
Harvard’s biology department even to the point that they were counseled 
to avoid using the dirty word “ecology” in faculty meetings (Wilson 1994). 
With so many pressing molecular questions just waiting to be solved, the 
notion of supporting or hiring more ecologists with their speculative ideas 
seemed counterproductive to university biology departments.

Perhaps as a result of this ill treatment, and of an earnest desire to 
demonstrate that ecology could produce the same kind of “results-
oriented” progress that marked molecular biology, ecologists (including 
Wilson) increasingly turned toward manipulative experiments, carried 
out both in the lab and in the field, which could isolate a limited set of 
parameters and test theoretical hypotheses. These experiments were 
largely conducted on small spatial scales and over short periods of time. 
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In many cases, such as Mueller’s investigation of Drosophila, experiments 
were run largely to test theory rather than in direct response to unex-
plained observations from the field (see Weiner 1995).

The explosion of experimental approaches to ecology provided count-
less theoretical lenses with which to more clearly appreciate ecological 
complexity. This period was marked by Wilson and Daniel Simberloff’s 
experiments that used methyl bromide to depopulate entire mangrove 
islands in order to test the key tenets of island biogeography theory (which 
sought to explain patterns in the initial colonization and subsequent pop-
ulation trends by animals on remote islands). Robert Paine’s decades of 
work manipulating predator populations along the rocky shores of the 
Pacific coast became the foundation for ideas about whether ecological 
communities were controlled by “top-down” forces (i.e., predators’ effects 
on the trophic levels below them) or “bottom-up” forces (i.e., the effect of 
primary productivity on the trophic levels above), including the develop-
ment of the “keystone” concept — that certain species had disproportion-
ate effects on the stability of ecological communities as a whole.

These kinds of experiments, and the large body of theory that grew 
from them, appeared to provide ecology the legitimacy it had lacked 
in the days when it cowered in the shadow of molecular biology. The 
often inconclusive musings of Grinnell, Gleason, and Ed Ricketts (which 
emerged from days-long parties in his Cannery Row laboratory or on long 
meandering field excursions) were replaced by binary tests that either 
rejected or failed to reject predetermined hypotheses, and the finality of 
these conclusions in turn lent ecology renewed confidence. Rather than 
ineffectually oppose the growing molecular biology fiefdoms, ecologists 
began to set up their own academic departments. The National Science 
Foundation also set up its own divisions devoted to ecology, and, though 
this wasn’t formally stated, the focus of funding efforts in these divisions 
was squarely on experimental ecology, rather than exploratory science 
aimed at generating new discoveries.

This approach to ecology seems to have brought success. Ecology 
departments are solid members of all major universities. There are doz-
ens of ecology journals publishing thousands of articles a year. Funding 



 35

O B S E R V A T I O N A L  A P P R O A C H E S  I N  H I S T O R I C A L  C O N T E X T 

agencies, like the National Science Foundation, have managed to main-
tain or even increase their millions of dollars of annual funding for ecol-
ogy despite difficult economic times.

A New Time of Change in Ecology

These successes notwithstanding, ecology is changing again. Some of this 
change is not marked formally, but is manifesting itself in ways that don’t 
yet carry weight in the currency of academic progress — hallway con-
versations and student-run multidisciplinary working groups, student-
developed smartphone apps that help people conduct citizen science, and 
oddball courses like “Holism in Biology,” a field course in the Gulf of Cal-
ifornia jointly taught by neurobiologist William Gilly and literary scholar 
Susan Shillinglaw.

Even on the principal scoreboard of academic progress — that is, arti-
cles in peer-reviewed journals — observational approaches are making a 
mark. We reviewed over 650 research articles for their methodologies in 
three high-ranking general ecology journals (based on ISI Journal Citation 
Reports) across a period spanning our own ecological careers. Excluding 
reviews and synthesis or opinion pieces, the percentage of articles explic-
itly using observational approaches to test stated hypotheses (as opposed 
to merely supporting the creation of experimental manipulations) jumped 
from 28 percent to 39 percent in The American Naturalist and from 38 per-
cent to 55 percent in Ecology between 1990 and 2010. In Ecology Letters, the 
most highly ranked journal of original ecological research, the percentage 
grew from 45 percent in its first year (1998 – 99) to 54 percent in 2010.

This increase in observational studies can’t be explained simply as a 
result of a declining interest in experimental studies. We found no over-
all trend in the percentage of manipulative experimental studies, which 
was similar in The American Naturalist (38 percent to 36 percent), dropped 
in Ecology (66 percent to 44 percent), and increased in Ecology Letters (33 
percent to 45 percent). And in a hopeful sign for an integrative future of 
ecology, between 6 and 14 percent of articles in the journals studied in 
2010 use a combination of experimental and observational approaches, a 
slight increase in each journal relative to the earlier date of study.
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What do these studies look like? The example papers listed in Table 
2.1 give us at least a qualitative sense that there is a wide range of scientific 
advancements, following from basic to applied questions, that are grow-
ing out of observational approaches. We have classified a few major types 
of approaches, such as the use of remotely sensed data or molecular tools, 
and we found within them a wide range of particular techniques that lead 
to an even broader range of ecological conclusions than can be robustly 
drawn from a complex world. Thus even this condensed table, hardly a 
comprehensive review of all the recent papers that are primarily observa-
tional studies, shows that there is much more to observation-based ecol-
ogy today than just going out into the world and recording what you see. 

Why Ecology Is Changing Now

What factors are driving this shift in ecology, such that the type of stud-
ies listed in Table 2.1 are becoming ever more common? One clue to what 
is happening might lie in the increased interest in restoring the place of 
natural history — which plays an important role in many observational 
approaches to ecology — to the life sciences. There are a large number of 
recent articles in scientific ecology journals identifying insufficient atten-
tion to natural history as a major problem for the present and future of 
ecology, and these complaints are resonating within the science (Greene 
2005; Dayton 2003; Dayton and Sala 2001; Weber 1999; Futuyma 1998). 
For example, Reed Noss’s argument against the death of natural his-
tory in academic ecology, published in the journal Conservation Biology 
(Noss 1996), resulted in one of the largest outpourings of positive letters 
in response that the journal had ever received (Fleischner 2005). In 2007 
a group of ecologists, educators, and writers formed the Natural History 
Network to promote the value of natural history within science and in 
conjunction with societal interests in the arts and community building 
(www.naturalhistorynetwork.org). Aníbal and Rafe were part of a sym-
posium on the importance of natural history to ecology at the 2009 annual 
meeting of the Ecological Society of America that drew over 200 audience 
members and helped to catalyze the formation of a “Natural History” sec-
tion within the Society.
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The focus on natural history captures the essential core of the change 
in ecological science, but this focus can’t explain all of it. For one, esteemed 
professors’ complaints about the loss of natural history in academic jour-
nals are, sadly, not likely to drive wholesale shifts in how the science of 
ecology is conducted. Moreover, these laments are as old as formalized 
ecological study and have been raised many times through ecology’s his-
tory. In the late 1800s, for example, future U.S. president Theodore Roo-
sevelt was discouraged as a college student by the dismissal of natural 
history in academic natural sciences (Millard 2006). In the late 1930s Aldo 
Leopold used stories of “amateur” naturalists to illustrate the importance 
of natural history to science (Leopold 1966). The marine ecologist J. R. 
Lewis penned a letter to the journal Nature in 1975 stating pointedly that 
biologists are unable to help society with the “ecological crisis” because 
they had not been practicing enough basic natural history (Lewis 1975). 
Additionally, natural history is not restricted to observational approaches 
to ecology. Well-known experimentalists like Robert Paine (2010) and 
Daniel Simberloff (2004) assert that solid natural history is central to cre-
ating effective small-scale manipulative studies, even as they downplay 
the importance of large-scale “macro” ecology and observational pattern 
finding.

Finally, the changes in ecology we are seeing now — although highly 
dependent on natural history — are preceding the reincorporation of natu-
ral history into major curricula, as called for in the many recent critiques. 
Outside a small number of forward- (or maybe backward-) thinking col-
leges like Prescott College in Arizona or Antioch University in New Eng-
land, natural history and organismal curricula have still not been widely 
reintroduced to biology, and the prospects for field trips grow ever more 
dim as university budgets shrink and students are increasingly asked to 
pack more required courses into fewer years of study. (Other colleges with 
strong natural history curricula are listed at naturalhistorynetwork.org).

We think there are at least four major reasons — both external and 
internal to ecology — for the reemergence and growing importance of 
observational approaches.

The first is that the world is changing due to human activity and 
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these changes are affecting natural systems at larger spatial scales and 
across longer temporal scales than ever before in human history. As Peter 
Vitousek and colleagues (Vitousek et al. 1997) have pointed out, no land-
scape is without significant human alteration, a conclusion later extended 
to Earth’s ocean environments by Ben Halpern and colleagues (Halpern 
et al. 2008). Even being able to reach these startling conclusions required 
the compilation of large numbers of observational studies, but the more 
fundamental problem is how few experimental studies of the last sev-
eral decades (which were often conducted in artificial microcosms or 
on “pristine” scientific nature reserves) explicitly included the human 
behaviors leading to environmental degradation as a variable of interest. 
As a thought exercise, we can imagine a set of well-controlled experi-
ments that can determine the varying role of a parasite on a voracious 
insect that favors a particular rare plant species, yet we can also imagine 
that if humans (through a complex set of social, economic and political 
machinations) decide to put a Walmart down on one of the last remain-
ing patches of the host plant, humans, and not the parasite, become by far 
the most important player in the ecology of the plant. For better or worse, 
in most cases human behaviors cannot be experimentally controlled or 
manipulated. Observational studies, which in this example might include 
historical analyses of the plant’s former and current distribution or social-
ecological assessments of the motivations and alternatives for placing a 
Walmart on top of a rare patch of plants, are needed in conjunction with 
experimental studies of small-scale functional studies in order to under-
stand the actual, as opposed to the idealized, ecology of the system.

Second, in no small part because of these massive environmental 
changes, the attitudes of ecologists, especially new students, have changed. 
Today’s students are determined to help solve environmental challenges 
and they are almost effortlessly interdisciplinary. Their attitudes in many 
cases are trickling up to their professors, who are also increasingly open 
to applied and interdisciplinary studies. For example, Rafe became inter-
ested in social science methods of observation, such as interviews with 
resource users and public opinion surveys, chiefly because that’s what his 
students were doing to understand things like whether eco-labeling pro-
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grams would help fishermen and the environment (Goyert, Sagarin, and 
Annala 2010). The more applied questions (and the larger scales at which 
they apply) that these students and their professors are asking require 
relatively new observational tools borrowed from other fields, such as 
structured human-subject interviews and linguistic analysis of policy 
documents, as well as intensified use of observational tools, such as GIS 
and spatial statistics, that are already widely used in ecology.

Third, an unprecedented opportunity to study ecological systems 
across scales of space and time has become available through new tech-
nologies, the accumulation of long-term data, and the simple passage of 
time relative to historical descriptions of ecological systems. Questions 
about ecological systems and changes to those systems that never could 
have been answered previously, can now be unraveled — just by observa-
tion. New technologies create opportunities to answer straightforward but 
previously unanswerable questions like “Does anything live in the deep-
est reaches of the sea?” and “Where do bluefin tuna go?” Even questions 
that hadn’t previously been asked are being answered. Genomic studies, 
such as screening for microbial genomes within a drop of seawater, have 
revealed whole new realms of biotic diversity (Breitbart et al. 2007). There 
are also opportunities to answer riddles that would have been impos-
sible for even the most astute ecologists from earlier times to solve. For 
example, both Henry David Thoreau and Aldo Leopold took extensive 
observations of phenological (timing) phases of plants and animals in 
their environment, but neither lived long enough or had the understand-
ing of global change to know that these records would one day become 
essential indicators of climate change’s effects on natural systems (Nijhuis 
2007; Bradley et al. 1999).

Fourth, new observational approaches to ecology in reference to prob-
lems as diverse as climate change, ocean acidification, invasive species, 
and endangered species management have already amassed a proven 
record of success. Observational studies have been critical when we want 
to understand how large-scale, high-impact, and non-replicable events 
affect ecological systems. For example, of the 143 non-redundant papers 
cited as evidence in the two seminal reviews of how natural systems have 
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already responded to climate change, 132 (92 percent) were observational 
studies (Sagarin and Pauchard 2010). Likewise, the ecological effects of 
the Chernobyl nuclear disaster (Bradbury 2007), the protective services 
provided by intact mangroves during tropical storms (Granek and Rutten-
berg 2007), the fate of the oil from the Deepwater Horizon blowout in the 
Gulf of Mexico (Camilli et al. 2010), and even the effects of airplane travel 
on climate (as determined, cleverly, by studying comparative weather pat-
terns in the few days after the 9/11 terrorist attacks when no commercial 
airlines were flying over North America [Travis, Carleton, and Lauritsen 
2002]) have all relied on observational studies. But the extremely small 
scale is also being captured by the new observational ecology.

It isn’t just coincidence that these factors came together to change 
ecology. Rather, they are an interacting set of attractors that generate self-
sustaining momentum and build recursively off one another. That is, 
as observational technology and the passage of time affords us greater 
opportunity to see large-scale change in the world, ecologists and those 
inclined toward the study of natural systems (i.e., those with a strong 
sense of what E. O. Wilson calls biophilia) develop further motivation to 
understand and do something about those changes, which requires them 
to acquire knowledge or develop relationships with experts in a broad 
range of fields, and, in many cases, to make the most out of observational 
data sets. As the results of their work gain acceptance and are exchanged 
into the currency of academia — such as publications in Nature and Science, 
or the awarding of MacArthur “genius” grants to scientists like Barbara 
Block, who developed remote tags to track bluefin tuna (Block 2005), and 
David Montgomery, a geomorphologist who shed the boundaries of his 
field to understand the complex relationships among people, the environ-
ment, and salmon (Montgomery 2003) — there is not only a built-in incen-
tive to continue such lines of exploration, but to expand the opportuni-
ties (develop new long-term monitoring programs, dig up more historical 
data, launch new satellite platforms, deploy more “critter cams”). These 
opportunities then provide a clearer picture of environmental change, and 
also draw new people — students, citizen scientists, and long-term observ-
ers of the natural world like fishermen and farmers — into the expanding 
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realm of ecological inquiry. In other words, like the longer-term history of 
ecology, the current trend in observation-based approaches is following 
a spiral path, growing recursively and expanding its influence into other 
fields.

The next section of this book is about how to get wrapped up into this 
spiral of change that is occurring in ecology. It starts at the core of our 
own human senses, which are both the first, and the most underutilized, 
tools for achieving ecological understanding. After talking up the power 
of our own senses we then concede their limitations and suggest that 
we can expand our understanding of ecological complexity by entering 
into symbiotic partnerships with observational technology and comput-
ers, providing that we take care that such partnerships don’t eclipse our 
innate observational abilities. Finally, we suggest that these innate and 
acquired observational tools are by no means limited to scientific ecolo-
gists. If ecology is going to open itself to all sorts of new observational 
methodologies, it must also open itself to the fact that the best ecologists 
might not know they are ecologists at all.
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USING OBSERVATIONS IN ECOLOGY

The core activity of ecology is “observation.” Humans have been keen 
observers of the natural world as long as we have lived on earth. Obvi-
ously, this has served a critical purpose — observing immediate dangers 
as well as the relationships of biological organisms with one another and 
their changes between and across seasons were all essential to survival. 
But from the first recordings of human observations — pictographs, carved 
fetishes, and cave paintings — we can see also a great awe and wonder at 
the natural world. We don’t think these two drivers of human observa-
tion — the informational content and the emotional returns — need to be 
separated when considering an observational approach to ecology. Nowa-
days, more than ever, observations of our changing planet are profoundly 
important to our survival, but the love of nature itself and our inherent 
curiosity about it are essential motivations for the best observations.

We start in Chapter 3 by illustrating the importance of utilizing mul-
tiple observational senses to achieve ecological understanding. Using 
examples from nature and from different remarkable observers of nature, 
we show that abundant ecological information exists beyond our visual 
field, and that many ecological secrets are only revealed when we stretch 
out our senses and continually practice the skill of observing. In Chap-
ter 4 we expand our observational capabilities even further by reviewing 
the wide array of new technologies that allow us to expand our innate 

P A R T  I I
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observational senses into previously unfathomable expanses of space, 
time, and sensory spectra. Remote sensing allows us to view phenologi-
cal changes and waves of species invasions across entire regions and at 
different spatial scales. Molecular biology, which in the twentieth century 
caused a deep rift between naturalists and supposedly more “rigorous” 
biologists, lends itself to observational approaches that are now being 
fully integrated with ecological studies. Animal-borne sensors are essen-
tially turning animals into observers of the natural world and in the pro-
cess are immediately overturning long-standing assumptions about the 
basic ecology of even well-studied organisms. In Chapter 5 we argue that 
the resurgence of observational approaches presents an unprecedented 
opportunity for opening ecology to a wider population. This more inclu-
sive ecology is becoming evident in all aspects of the science, including 
much greater deference to local and traditional forms of ecological knowl-
edge, the emergence of citizen-science programs as both an educational 
tool and a rich data source, and, critically, an embracing of social science 
methodologies. Here we outline the sometimes surprising range of data 
sources that have already contributed to our modern understanding of 
ecological change.
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This chapter is about how our sensory abilities to perceive nature are 
essential to an observational approach to ecology. These sensory abilities 
are both universal to humankind and at the same time unique to different 
individual humans, based on their personal history, abilities, and motiva-
tions. Our senses are our most elemental tools in building an observa-
tional understanding of ecological relationships, but they are often unde-
rutilized and sometimes viewed with skepticism in a scientific context. In 
this chapter we show how each of the senses can contribute to scientific 
ecology. We use the experiences of past and present ecologists to argue 
that the personal nature of how we utilize our senses can be an asset that 
motivates us to explore the natural world and opens us to new ecological 
discoveries.

Sensing Nature

The human capacity to observe the natural world is highly diverse and 
it is variable through time, and therefore it can be heightened or damp-
ened, and it can be improved through experience. Geerat Vermeij, a paleo-
biologist, has written that “the skill of observing — and it is a skill, to be 
honed and perfected — must be taught and encouraged. It is something 
that every science student must possess” (Vermeij 2002). Vermeij here 
puts observation at the core of scientific literacy, and this sentiment has 

Using All the Senses in Ecology
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been echoed by other prominent ecologists who lament the loss of natural 
history – based classes at all levels of education (Dayton and Sala 2001). 
His focus on observation is not surprising, as he works in a field where 
few experiments are possible and large observational data sets gathered 
from the fossil record must be brought to bear. Yet this focus on observa-
tion has certainly not handicapped Vermeij as a scientist. He has not only 
contributed substantially to ecology and the study of evolution, but also to 
a wide range of social studies — from economics to security — in the course 
of his career (Vermeij 2004).

What is surprising is that he has been blind from a young age, depen-
dent upon his tactile sense to “observe” the natural world, as he describes 
in Box 3.1. Many sighted scientists have marveled at how Vermeij’s tactile 

BOX 3.1

The Importance of Sensation

GEER AT J .  VERMEIJ

Scientists revel in a way of knowing that uncovers an approximation of verifi-

able truth through observation, evaluation, and inference. We have refined this 

method, but scientists did not invent it. From the beginning, living things have 

sensed, interpreted, and responded to circumstances that could make the dif-

ference between life and death, success and failure. Informed by their senses, 

organisms embody a hypothesis of their environment; and when this hypothesis 

is tested — when an organism’s structure, physiology, and behavior work ade-

quately — it can be improved as the body and the environment as sensed and 

interpreted by the organism feed back on each other, both through immediate 

effects and over evolutionary time through natural selection. A profound paral-

lel exists between adaptive evolution and the more purposeful scientific way 

of knowing. Environment and hypothesis converse, whether in the body of an 

adapted organism or in the mind of a human being.

This parallel highlights the essential, and increasingly ignored, role of sensa-

tion — of observation with the brain in gear — in learning about the world. There is 

nothing like being puzzled by a chance observation to awaken curiosity, nothing 

like carefully listening and looking and feeling and smelling to conceive ideas, 
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observations channel intricate details and life histories from fossilized 
shells that they themselves could not see with their own eyes. His story is 
jolting to the sighted among us because most of us immediately think of 
our visual sense when we think of “observation.” 

Vermeij’s story begins to reveal the astonishing adaptable capacity 
of our observational abilities, and this capacity comes into still greater 
clarity when we consider another highly accomplished teacher who also 
happens to be blind. Daniel Kish observes the world primarily through 
sound. He taught himself at a young age to use his own sonar system, by 
making audible clicks and listening for their echoes (Kish 2009). Soon he 
could identify the shape and materials of objects in his surroundings. He 
could get himself to school and through his day on his own. He could 

ask questions, and formulate theories of how the world of things and people 

works.

As a blind boy, I daydreamed about the tropics. There were fine descriptive 

books about the lush vegetation, colorful birds, and beaches strewn with won-

derful shells; and I have an inkling that some of the world’s great natural sci-

entists — von Humboldt, Darwin, and Wallace among them — were so stimulated 

by the things they saw in those equatorial regions that they changed our very 

conception of the world of living things. But it took first-hand experience — literally, 

of course, and first-ear and first-nose experience, too — to make me ask questions 

and ultimately perhaps to understand the wet, warm forests and the thrillingly 

diverse reefs and sandflats of the tropics. It was these experiences, informed by 

the senses, that helped shape my scientific worldview.

Children today are taught to take tests. They study virtual representations, 

and are in the position of passive consumers of films and real-time feeds as oth-

ers explore the world through their own sensibilities. The unfamiliar, insofar as it 

is accessible at all, comes packaged and manufactured. Is it any wonder that our 

curiosity withers and our contact with the world atrophies?

Good observation is a skill, to be honed and nourished and improved. It is 

like reading or writing: the more you do, the better you get at it, and the more the 

world opens up to you. Educators, pay attention.
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even ride a bicycle. And now he teaches other blind students to do the 
same, primarily by observing the world with their ears.

These two remarkable observers of the world highlight the wide 
range of unexplored possibility for most of our observational senses and 
the limitations of relying too much on visual observation. It should be 
self-evident that ecological science requires all of our senses. After all, the 
ecological world is a swirling miasma of sensory information. The rela-
tionships among plants and animals and microbes and the physical world 
around them are all crafted in touch — deadly bites and hypersensitive 
whiskers; in sights — flashes of warning colors and cloaking camouflage; 
in smells — odors that attract and repel; in sounds — alarm calls and mat-
ing songs; and in tastes — the bitterness of protective chemical compounds 
and the sweetness of nectar. Likewise, ecological study is punctuated with 
remarkable uses of the senses, visual and otherwise.

The full use of our senses can make the difference between simply 
getting through the immediate challenges of our daily lives and develop-
ing a deep and scientific ecological understanding. Going out on a hike 
with really good birders is an ear-opening experience. Most of the birds 
they identify they don’t even see, or get only a fleeting glimpse. Instead, 
they have catalogued an immense collection of calls, songs, and variations 
so that they can identify by sound not only the species of the bird, but also 
its gender, its behaviors, and even how much it reveals about the presence 
of other animals in its vicinity.

Indeed, sound creates its own ecology, affecting relationships between 
individuals of the same species and other species, but because we down-
play sound observations, we are often unaware of this sound ecology. 
David Dunn, who has spent his life cataloging ecological “soundscapes” 
by using a variety of cheaply built homemade sensors, has discovered 
through sound whole new relationships that were overlooked by even 
the most experienced biological experts. His work on bark beetles, which 
have damaged millions of acres of forests in the United States’ southwest 
has revealed that they are vulnerable to auditory stimulus (www.fs.fed 

.us/r3/resources/health/beetle/). When noises in the right frequencies 
are played near them, male bark beetles cease to consume the inner bark 
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of trees and instead attack females, suggesting a potential pathway for 
bark beetle control.*

Sometimes nature must be touched to be understood. When Rafe 
takes children on tide-pool tours he always ensures that they touch as 
much as they can. The parents, teachers, and Girl Scout “Den Mothers” 
who chaperone them are often taken aback. Usually the kids have been 
given strict instructions beforehand not to touch anything. These prohi-
bitions undoubtedly come from a well-intentioned desire to protect the 
environment, but they are unnecessary and counterproductive. They are 
unnecessary because it’s actually rather difficult for an individual human, 
even in a group, to do much permanent damage to most ecosystems just 
by touching. There are exceptions, of course — stepping on live corals 
while diving, hiking across delicate cryptogam soils in the desert — but 
many organisms, especially those that have evolved to withstand some 
of the harshest forces and stressors on the planet, are quite robust. At the 
same time, prohibitions against touching are counterproductive because 
you can’t learn anything from nature without touching it. Touching is a 
natural way for children to explore their world and it instantly creates 
all sorts of ecological questions. Why are those tide-pool plants stiff and 
these floppy? Why is this green anemone covered in shells and debris and 
that other one totally smooth?

An amusing note from Ed Ricketts’s journey to the outer shores of the 
Pacific Northwest indicates that even well into his career as a biologist he 
used his sense of touch to make new discoveries: “Another big octopus. 
I’ve often wondered if octopi ever bite. Today I found out. Yes, they do, 
they certainly do” (Ricketts 2006).

Taste is a trickier proposition when it comes to ecological study. 
Natural organisms contain a wide range of defensive chemicals that in 
some cases can be toxic to humans, so it is probably not a great idea to 

*“Here Comes the Sound,” interview on Living on Earth radio program, aired 
10 February 2010 (loe.org/shows/segments.htm?programID=10-P13-00009& segment 

ID =6, accessed 14 October 2010). This interview with David Dunn and researchers 
Richard Hofstetter and Reagan McGuire reveals both the power of interdisciplinary 
collaborations and the enormous gaps in our understanding of sensory ecology.
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encourage Girl Scouts to taste the animals they find in the tide pools. 
And because we cannot taste with our arms like an octopus, using our 
sensitive mouth parts for ecological purposes can be a dangerous propo-
sition, especially if one happens to be doing ecology in harsh environ-
ments — deserts and intertidal zones, for example — where organisms are 
well armored. Nonetheless, there are opportunities for bringing even 
our sense of taste into ecology. Among the hundreds of algal species that 
inhabit the shores of the Pacific coast there are some, like those in the 
genus Osmundea (formerly Laurencia), that can be identified by their dis-
tinctive taste. One of the great algal scientists of the Pacific coast, Isabella 
Abbott, took mischievous pleasure in officially naming one distasteful 
member of this genus, Laurencia blinksii, after Lawrence Blinks, the rather 
sour former director of Hopkins Marine Station in Pacific Grove, Califor-
nia. Many plants have distinct tastes that can help us identify them, and 
botanists and phycologists who have taken the time to learn the differ-
ence between toxic and merely distasteful plants have long used taste to 
identify plants and algae.

Olfactory senses drive numerous ecological interactions. Many mam-
mals use scent marking to claim territory or communicate information 
about dominance hierarchies. Salmon and other anadromous fish use 
olfactory cues in part to guide them back to their natal stream reaches 
(Montgomery 2003). Lobsters use scents in complex mating rituals (Cor-
son 2004). Indeed, smells play a lesser, but not insignificant, role in ecolog-
ical observation, and for terrestrial plant ecologists smelling can be a good 
surrogate for tasting. Good animal trackers report that they can smell the 
musk on a tree that has been rubbed by a buck. The more humid areas in 
a forest can be recognized just by the smell. Even very young children can 
be taught to differentiate plants by their smells. In dry ecosystems such as 
the Chilean matorral (Mediterranean shrublands), plants have developed 
particularly strong biochemical compounds that incidentally allow for 
easy identification of the species (Muñoz, Montes, and Wilkomirsky 1999; 
Hoffmann 1989). In coastal ecosystems, the same distinctive Osmundea 
algae that can be identified by taste can also be located in a dark nighttime 
tide-pool excursion by their acrid odor, and a common intertidal sponge, 
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Halichondria panicea, has a very distinctive sulfurous odor that can be used 
to confirm its identity.*

Training Our Senses for Ecology

But how is using our observation abilities as ecologists any different from 
simply going through our everyday world seeing and hearing and touch-
ing and smelling and tasting things? Here again, Daniel Kish, the blind 
teacher who uses echolocation, provides some insight. When an inter-
viewer once asked him if sighted people could learn echolocation, Kish 
expressed his doubts, noting that heavy doses of “motivation, necessity, 
and practice” were required, none of which are very prevalent in sighted 
people with respect to echolocation (Mithra 2004). Fortunately, ecologists 
excited about their subject matter do tend to get highly motivated and do 
practice their observational skills a lot. One of the most useful means of 
practice for an ecologist is to keep a field journal, as ecologists Anne Salo-
mon and Kirsten Rowell have shared with us and described in Box 3.2. 
And necessity comes from the nature of the work itself — if you are not a 
good observer, it’s nearly impossible to find anything interesting at all, 
let alone to draw ecological insights or unravel environmental mysteries. 
It is this trio of ingredients that separates truly useful ecological obser-
vations — the ones that might help us achieve a scientific understanding 
of ecological complexity — from the standard observations that get you 
through the day. 

The most obvious evidence of this appears when we take different 
students out into the field. There are certain students who inevitably see 
far more than the others. They are the ones who spot the elusive horn 
shark on a snorkeling trip through the kelp forest or are able to identify 
tree species in the forest canopy. We find it remarkable that these sharp-
eyed students often have never been to the site we’re exploring or even 
the same type of ecosystem. The students with “good eyes” invariably 
share certain characteristics. They are always the students who spent 

*The examples of distinctive smells and tastes of intertidal organisms, as well as 
the story of “Izzie” Abbott’s naming of the algae, come from two great West Coast 
naturalists, John and Vicki Pearse.



BOX 3.2

The Art of Ecology: How Field Notes and Sketches  

Offer Insights into Nature

ANNE SALOMON AND KIRSTEN ROWELL

For millennia, humans have used drawings to communicate and document 

nature’s mysteries. From the Paleolithic pictographs of Pech-Merle (Pruvost et 

al. 2011) to the meticulous notebooks of twentieth-century biologists like Joseph 

Grinnell, the tradition of field illustration and note-taking of the natural world has 

proven a worthy means of developing ecological insights. Whether on rock or in 

spiral-bound notebooks, field sketches and notes are an invaluable initial step 

toward illuminating the emergent queries and synthetic understanding that lead 

to predictive science. In ancient times and still today, art and science have been 

used in a dialectic to seek those fundamental ecological truths upon which our 

survival depends.

Our cognitive processes are sharpened by the practice of distilling and record-

ing in situ observations of the natural world. By detailing the intimate aspects of 

a species’ morphology (Fig 3.1), or the nuances of an ecological process (Fig 3.2), 

field drawings and notes can help refine our thoughts, crystallize our inklings, 

and enrich our ecological intuitions even before we have a clear understand-

ing, let alone the words, to describe the phenomena we are witnessing. Simply 

put, drawing can improve our seeing (Edwards 1999). By archiving observations, 

humans etch in their minds ecological ideas in their infancy. And yet, just as 

notes and drawings can engender ecological intuition, so can they help decode it. 

The practice of identifying and sketching key features of a species, landscape, 

or ecosystem propels the simplification of a complex nature down to its essential 

parameters from which accurate generalizations about nature can be made. This 

after all, is the main objective of ecology. It is these raw recordings of nature’s 

indispensable elements that can provide deep insights leading to novel and test-

able hypotheses. Skillful observations are the foundational building blocks of the 

research process, and thus their careful documentation is a fundamental aspect 

of ecological literacy.

The benefits of archiving the context and characters of our research some-

times manifest down the road. Much like museum curators, ecologists who col-

lect, organize, and preserve observations and ecological insights have a time-

less resource for future study. Field notes and illustrations, regardless of how 

rudimentary, can capture fleeting impressions that in later years offer a basis 

for reflection and comparison (Greene 2011). Georg Steller’s sketches of the 



formerly abundant sea cow offer an example of how archived field drawings can 

reveal ghosts of ecosystems past (Dayton et al. 1998) and avert sliding baselines 

(Pauly 1995; Jackson et al. 2001). Similarly, petroglyphs and pictographs that 

capture natural history observations made thousands of years ago offer ecologi-

cal baselines in a universal language that bridges cultures and transcends time.

Today, however, with our pressing need to make ecology a more predictive 

science, the art of field illustration and note-taking has taken a back seat to 

modern ecological modeling and molecular techniques (Dayton and Sala 2001). 

This cultural shift has changed the skills we value and thus the skills we teach 

in ecology such that field-sketching and note-taking are in jeopardy of becoming 

expatriated. Although scientists now have a greater capacity to model ecological 

systems than ever before, we often lack the basic natural history information 

needed to parameterize increasingly complex models (Tewksbury et al. in review).

Yet natural history is the starting point for all progress in ecology. Without 

it, even the most complex models can yield inaccurate predictions that, when 

applied to solve real-world problems, can have unintended consequences. As 

we advance ecological technologies we should simultaneously continue and 

Figure 3.1

Undergraduate studies on shell morphology and ecology of intertidal 
mollusks in the Gulf of California. Drawn by Kirsten in 1994.



advance the simple art of field illustration and note-taking. While satellite 

imagery, hierarchical modeling, and stable isotopic signatures have become vital 

tools in the contemporary ecologist’s tool kit, so should the skills of field-sketch-

ing and observation. If, as Ramon Margalef (1997) once said, a naturalist is more 

a poet than an engineer (Margalef 1997), then the skills of an artist are equally 

worth training.

Figure 3.2

An as-yet undescribed phenomenon in the shallow sub-
tidal rocky reefs of Haida Gwaii, British Columbia, Canada, 
where a feeding front of herbivorous purple and red sea 
urchins meets sweeping Laminarian kelps at a specific 
depth that likely shifts with the tides, creating a distinct 
pink horizontal band of smooth crustose coraline algae 
with unusually high densities of exposed, openly grazing 
northern abalone. Drawn by Anne in 2010.
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abundant hours in the outdoors as children. Many of the good observers 
have been raised in rural places or have been out in the field since child-
hood. They may have grown up creek-walking in forests, or fishing with 
their parents, or just finding solitude in small suburban pockets of woods, 
but they’ll quickly find themselves right at home when taken to a forest, 
the desert, or the coast. These “gifted” students are also almost always 
the first ones into the field and the last ones out. They will be up to their 
thighs in marsh muck before half of the students have even gotten out of 
the van. On a cold night snorkel in Pacific waters, they will outlast the 
other students and their shivering instructor by 20 or 30 minutes.

In an article he wrote before he became famous for books like The 
Tipping Point and Blink, Malcolm Gladwell noticed a similar phenomenon 
among “physical geniuses” — great musicians like Yo-Yo Ma and great 
athletes like the hockey player Wayne Gretzky (Gladwell 1999). What 
Gladwell found was that these people put in an enormous amount of time 
practicing their craft, even when they were already far and away the best 
in their fields. All that practice gave them a huge storehouse of “chun-
ked” memories (Churchland 2004) that could be recalled and used to map 
out even novel situations. (Gladwell expanded this idea later in his book 
Outliers, where he cited research suggesting that, in addition to fortunate 
circumstances and a minimal basal intelligence, the exceptional practi-
tioners among us possess an enormous history of practicing their craft — 

typically at least 10,000 hours [Gladwell 2008].)
In this light, ecological observing seems not unlike practicing scales 

on the cello or slap shots on a hockey rink, or learning to echolocate or 
see by touching. It is a necessary skill, though not sufficient in itself, that 
creates the opportunity for mastery of complex systems. In forestry, a col-
league of ours has coined the term “forest hours” (Eduardo Peña, pers. 
comm. to AP), in the same way airplane pilots keep track of “flight hours,” 
to explain how just the continuous exposure to forest ecosystems may 
help a professional to acquire a broader and deeper understanding of for-
est dynamics.

So what are the neurological and psychological bases for such learn-
ing process?
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Learning through sensory observation includes at least three key com-
ponents: inherent skills (our genetic background), previous experience 
and knowledge (especially childhood experiences), and cultural back-
ground (how much was free-ranging observation permitted and encour-
aged in the course of our development?). As with having an ear for music, 
some of us are better or worse at observing phenomena. However, early 
stages in our development are crucial to refine our senses. Undoubtedly, 
a child living indoors for the first three years of his life will have a much 
harder time recognizing bird songs. Previous experience and knowledge 
will not only develop our skills but will also help us create a cognitive net-
work or mental map by which new information can be integrated into the 
complex puzzle of all our previous observations (Bransford 2000). Finally, 
our cultural background and values gives us the motivation to pursue the 
observation of nature. Families where nature is honored as an important 
part of life will foster a much stronger motivation in their children to be 
aware and alert to nature’s signals. A common theme to both Geerat Ver-
meij and Daniel Kish’s childhood experiences as blind observers was that 
their parents wholeheartedly encouraged them to go out and explore the 
world.

At the more personal level, and again as illustrated by great observers 
like Vermeij and Kish, we each use senses in a way that reflects our own 
history and proclivities. The uniquely personal abilities and motivations 
of individual ecological observers have been powerful determinants in 
the progress that ecology has made as a whole. Too often, though, we 
assume that “personal” means “biased” — a word that carries negative 
connotations in science. In one sense, we are all biased. We chose to study 
forests or coastlines or deep-sea hydrothermal vents, and these decisions 
clearly color our particular viewpoint. Although Geerat Vermeij is careful 
to avoid portraying his blindness as a handicap, there is no doubt that the 
special way he uses his senses shaped the type of scientist he is today and 
helped define the range of discoveries he has made.

But “bias” in the dangerous sense of leading to false or misleading 
results is ultimately a function of the study design and execution, not of 
the investigator himself. Both of us have experienced the wide range of 
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observational skills among our students and this can be disconcerting if 
multiple observers are gathering data for a large project. One thing we 
can do is devise tests both to train our observational skills and to ensure 
a certain level of consistency in our observations. For example, students 
or new field technicians can be trained by having them estimate the per-
centage of canopy cover on simulated plots with a known percentage of 
cover values before they take data from the field; this training can help 
everyone understand a common language of observation, but it still won’t 
remove all bias. A long-term-impact study of forest health conducted by 
the University of Arizona has a “training plot” among several dozen large 
observational plots in the field site where new members of the research 
team learn the field techniques. One way to look for bias in this kind of 
study is to analyze the field data against the training plot to see if there are 
consistent differences (such as higher or lower scores for canopy cover) in 
the plot scored by inexperienced researchers. Pretending that bias doesn’t 
occur, or that we’ve washed it all away by, say, randomizing our observa-
tions, won’t get rid of it. Rather, dealing with bias requires another keen 
observational ability — that is, the ability to conceive of and find potential 
sources of bias within a study or a data set.

Sometimes we just need a test to overcome the skepticism that one 
can attain remarkable observational skills just through the day-in, day-
out process of field work. Christopher Norment, a bird ecologist, wrote 
in his memoir Return to Warden’s Grove of both his confidence and skepti-
cism regarding his own “intuition” about where to find elusive sparrow’s 
nests (Norment 2008). While he had to rely faithfully on this intuition to 
get anything useful out of his field seasons in remote northern forests, 
when he returned home to the Midwest he conducted an unusual, but 
scientifically rigorous test of his skills. He had his graduate students take 
him blindfolded to an unfamiliar field and time his nest findings relative 
to uninitiated observers, and he found that his intuition was indeed cor-
rect — he had become a great nest finder.

Ed Ricketts argued that the intensive, personal process of observa-
tion was both an antidote to many forms of bias and also a driving force 
behind some of the most robust ecological theory. He advocated a process 
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of observing first and then building multiple observations into holistic 
theories — what he called “non-teleological” thinking — rather than the 
deductive approach of starting with a theory and then dividing it up into 
smaller parts. It was through this approach of starting by asking “what” 
a system was, rather than “why” a system functioned as it did, that the 
biased assumptions all investigators bring could be avoided (Ricketts 
2006).

But it was — according to Ricketts and his good friend, the author John 
Steinbeck — the combination of this observational approach to science and 
the deeply personal, emotive aspect of natural science that truly led to 
scientific progress. They seized on a passage from Darwin’s Voyage of the 
Beagle in which Darwin exclaimed of Valparaiso, “When morning came, 
everything appeared delightful. After Tierra del Fuego, the climate felt 
quite delicious — the atmosphere so dry, and the heavens so clear and blue 
with the sun shining brightly, that all nature seemed sparkling with life” 
(Darwin 2004). Ricketts and Steinbeck speculated that this bidirectional 
nature of natural history was at work:

Darwin was not saying how it was with Valparaiso, but rather how it 
was with him. Being a naturalist, he said, “all nature was sparkling 
with life,” but actually it was he who was sparkling. (Steinbeck and 
Ricketts 1941)

While there is a romantic quality to this interpretation, we should 
remember that Darwin was sick as a dog during nearly all his time at sea, 
and though he made many contributions to marine biology, they came 
largely through the painstaking hours he spent in his country home teas-
ing apart the taxonomy of barnacles and other organisms (Stott 2003), 
for he never returned to the sea after his five-year voyage on the Beagle. 
We find that, for many ecologists, these transcendent moments when our 
personal affinities for our subject organisms and areas are fully expressed 
are the critical motivators that keep us going through the hours of tedious 
field and laboratory work.

Combining a broad use of our senses with a scientific ecological 
framework is a powerful and flexible application of observation-based 
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ecology, allowing for a wide-ranging exploration of ecological systems, 
and also giving us the strength of robust ecological theory within which 
to fit our “new” observational knowledge. Observations, then, become 
part of a larger endeavor, where our personal experience can be translated 
into a deepened understanding of nature. This is not an easy process — it 
requires consistency and the ability to connect and communicate our find-
ings, and to be able to test ecological questions scientifically (see Chapter 
7). And given the challenges of environmental change and the opportuni-
ties for new observational tools now available, it increasingly requires us 
to move beyond our bodies and meld our natural observational senses 
with decidedly unnatural technological sensors, essentially creating a 
new symbiotic organism who we will meet in the next chapter — a modern 
technophilic naturalist-ecologist for the era of global change.
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For all our unused sensory power discussed in the previous chapter, our 
senses are still decidedly limited, and this would restrict our ability to use 
an observational approach to ecology were it not for technology-facilitated 
expansions of our senses. This chapter is about how we can use technol-
ogy to our advantage, how it can lead us astray, and how to harmonize the 
relationship between the biophilic observer of the natural world and the 
technophilic scientist who sees the world through technological sensors.

Observing the Undiscovered and the Unexpected

Some of our sensory limitations reflect the fact that we humans lack cer-
tain observational equipment. This can hamper us at the very finest and 
the very largest scales of detailed observation. We can’t send and receive 
signals in polarized light like cuttlefish (Brooks 2008), and we can’t see 
the ozone layer thinning over the Antarctic. Sometimes our sensory 
equipment seems like the discount version of those that are so much 
more developed in other organisms. Like dogs, we smell with our nose, 
and the information is processed in a dense package of nerves known 
as the olfactory epithelium. But dogs have their olfactory nerves packed 
into an epithelium that is 17 times bigger than that in humans. It’s no 
wonder smell plays a lesser and less conscious role in our observations, 
while it probably plays a dominant role in canine observations. We have 

Using Technology to Expand  
Our Observational Senses
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evolved with a specific set of senses to survive in a specific environment, 
and those senses often fall short when we try to understand the complex 
world we live in.

But we don’t have to settle for the sensory equipment we were born 
with or even the advanced sensory abilities we can develop through prac-
tice. Symbiotically combining observational natural history and tech-
nology — old and new — allows us to expand our observational toolbox. 
Indeed, our capacity to conceptualize, observe, and conduct science out-
side our normal sensory range has been well-established, as illustrated, 
for example, by the progress made in astronomy. But unlike today’s 
astronomy, our ecological technologies do not have to be extremely “high 
tech.” Sometimes just a slight technology-modified alteration of our sen-
sory abilities is enough to spur startling new ecological discoveries. For 
example, an intensely curious evolutionary ecologist and avid diver, Nico 
Michiels from the University of Tübingen in Germany, made just such a 
discovery when he simply added a red filter to his dive mask. Instead of 
the expected complete blackout (because red light doesn’t penetrate more 
than 15 meters or so in seawater), Michiels found an underwater world 
teeming with red signals — flashes of red eyes from fish and even whole 
fish bodies that appeared red. Theory alone would suggest that red would 
have little importance for fish at depth, but observations — followed by 
controlled experiments in Michiels’s lab — are suggesting that fish use 
fluorescent red as a secret signaling device (Pain 2009).

In some cases, technologies we have had for centuries are becoming 
dramatically more powerful. For example, microscopy has advanced to 
three-dimensional imaging that can provide unprecedented visualiza-
tion of the ecology of the immune system, revealing that immune cells 
and their targets interact and communicate in ways not unlike nerve cells 
(Davis 2006). High-speed video microscopy has uncovered the mysteries 
of how tiny copepods can ambush prey in a relatively viscous fluid envi-
ronment (Kiorboe et al. 2009).

In other cases, the combination of new sensing technologies and the 
ability to step far back from our subject area by using airborne and space-
borne probes has provided us with a far more complete picture than our 
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innate visual frequencies and field could provide. This technique is known 
as remote sensing and it plays into almost every field of ecology, from 
monitoring invasive species to determining nutrient flows to document-
ing responses of species to climate change. Moving away from the Earth’s 
surface in order to observe has created a revolution in ecology and earth 
sciences. First, airborne equipment used mostly for military purposes 
gave us a much broader view of ecosystems. After World War I, geogra-
phers and ecologists started to use aerial photos to map plant communi-
ties and habitats and to understand patterns and processes from a scale 
that humans cannot grasp from the ground. This is reflected in Forman’s 
pragmatic definition of landscape as “what one sees out the window of an 
airplane” (1995). Another leap forward was the popularization of satellite 
imagery, capturing reflections of Earth from the visual range to infrared 
and other specific wavelengths. Global ecological processes with impor-
tant consequences for conservation have been quantified and understood 
by using satellite information. A major ecological and conservation story 
that began to unfold in the 1980s was the direct quantification, developed 
solely from satellite data, of deforestation rates in the Amazon and other 
tropical basins (Skole and Tucker 1993). More recently, such analyses have 
become predictive rather than just descriptive. Cassia Prates-Clark and 
her colleagues have used several types of remotely sensed data to more 
accurately predict the spatial occurrence of particularly vulnerable timber 
species across the Amazon Basin (Prates-Clark, Saatchi, and Agosti 2007). 
Now, radar technology in the form of LIDAR has opened new possibilities 
for revealing ecosystem structure at very fine scales from the air or space 
(Vierling et al. 2011; Vierling et al. 2008).

Climate change sciences have benefited immensely from remote sens-
ing. Satellite information can help confirm data collected by ground-based 
weather stations, and it has a near continuous coverage across the Earth’s 
whole surface. Understanding the spatial distribution of climate pro-
cesses is a requisite for climate simulation, and without satellite data that 
is almost impossible. For example, Nemani and collaborators (2003) found 
that climate change has been changing cloud dynamics in the Amazon, 
which in turn may cause an increase in primary production in the area 
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(Arias et al. 2011). The sensor MODIS, which was launched aboard the sat-
ellites TERRA and AQUA in 1999 and 2002, respectively, allows us to take 
the pulse of the Earth without leaving our office. MODIS is now creating a 
massive amount of real-time data that can be applied to diverse ecological 
purposes, such as the detection of fires and changes in forest understory 
vegetation in areas affected by human activities (Morton et al. 2011).

Technology is also breaking down the dichotomy of humans as the 
observers and animals as the objects of study, as it allows us to experience 
the natural world through the movement and even sensory experiences 
of organisms in nature. Pop-off satellite tags, archival data recorders, and 
animal-borne cameras are effectively turning thousands of marine organ-
isms into natural historians, providing unprecedented records of animal 
behavior and the marine environment (Moll et al. 2007; Block et al. 2005). 
In some cases, these animal-borne observations are wreaking havoc with 
our experimentally derived assumptions. Several marine mammals fitted 
with sensors, for example, dove far deeper and longer than any labora-
tory-derived physiological models suggested they could (Moll et al. 2007). 
In other cases, animal-borne observations are providing ways to answer 
difficult management questions that have gone unanswered for years due 
to lack of funds for necessary observations. For example, cameras fastened 
to seabirds, which have photographed both the feeding activities of the 
birds underwater and the human activity of boat traffic above water, were 
useful in demonstrating that fishing fleets and seabirds concentrated on 
different types of sardine patches when foraging, which has implications 
for how to protect and allocate scare sardine resources to both birds and 
people (Gremillet et al. 2010). And in other cases, animal observers are 
destroying the entire basis for our management structures. Barbara Block 
pioneered the use of satellite tags on marine predators, especially endan-
gered bluefin tuna, which have been managed in the Atlantic as two sep-
arate stocks, divided by an imaginary line in the middle of the ocean. 
Block’s tagged tuna have shown us definitively that they don’t pay atten-
tion to human management boundaries at all, routinely mixing eastern 
and western Atlantic populations (Block et al. 2005; Block 2005).

Technologies can even reveal the subtle ways in which organisms per-
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ceive phenomena with their own senses. For example, ground squirrels 
use auditory calls to deter bird and mammal predators, but they use a 
different behavior — “tail flagging,” in which they puff up and wave their 
tails to distract and confuse snakes, which do not hear. These responses to 
predation threat are easy enough for a human to observe, but it took infra-
red cameras to reveal that, while tail flagging, squirrels also heat their 
tails when signaling to pit vipers (which “see” in infrared), but not when 
signaling to gopher snakes, which lack heat-sensing ability (Rundus et 
al. 2007). Here, technology revealed an animal with defense mechanisms 
that are not just precisely tailored to their predators, but precisely tailored 
to their predators’ observational senses.

The Potential Pitfalls of Technology

Much of the technology we use in ecology has been developed for other 
purposes and then adapted to the needs of ecologists. Aerial photography, 
satellite imagery, and GPS all began as military tools. Gas-analysis instru-
ments (e.g., LI-COR), first used in chemistry, are now used to measure 
photosynthesis. Auto-recording microsensors such as “iButtons” used by 
ecologists to measure temperatures experienced by organisms in the field 
(such as mussels on the rocky shore) were developed by the food industry 
to ensure that foods stayed at an optimal temperature as they traveled 
from warehouses to markets. And by the time a new technology is avail-
able to ecologists, it usually comes at a considerably reduced price. This is 
good news but also reflects that we as ecologists often have very little con-
trol over what new technology is being created; rather, we usually adapt 
our approaches to existing technologies.

Technology has continually helped ecologists see more and delve 
deeper into the complexity of ecological systems, but it is not without its 
problems. Technology can be costly, it has the propensity to fail, and it can 
lead us into a world full of meaningless data. Some problems, especially 
the human bias to “see what we want to see,” have always plagued the 
interface of observational and technology. Using the earliest microscopes, 
biologists of the day were convinced they could perceive small homun-
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culi — miniature humans — on the heads of sperm. Others are wholly 
novel problems of our era.

We see four major classes of problems that need to be considered 
when incorporating technological observations into ecological science. 
These are problems specifically related to the use of technology, although 
they mirror some of the larger methodological and philosophical issues 
that we discuss in Part III of this book. First, there are issues concern-
ing the unequal availability of technology. Second, there are legitimate 
concerns about the long-term accessibility of observational data collected 
with new technologies and recorded digitally on ever-changing storage 
media. Third, there is a fundamental tendency to draw spurious conclu-
sions from data seen through a technological filter. Fourth, there is the 
simple but profound problem of technologies putting up another barrier, 
another screen, between ourselves and nature. Here we present examples 
of these four kinds of problems along with suggestions of how we might 
avoid them as we move forward, inevitably, into an ecology that is both 
carbon- and silicon-based.

Our first concern is that technology is not readily available to all ecol-
ogists in every part of the world, especially to those in developing coun-
tries. Even satellite information is not collected or made easily available 
in some areas of the world. Lack of funding for extensive ground-data 
collection can be somewhat ameliorated through technology that allows 
more data collection with limited resources (e.g., remote sensing, rapid 
field-assessment technology such as video recording or photography). But 
even then, collected and analyzed data may remain inaccessible. In par-
ticular, a lot of the data that could be used in meta-analyses, which are 
increasingly important for comparing ecological dynamics across large 
scales (See Chapter 6), are locked up in published papers in very expen-
sive scientific journals. While there is an increasing movement toward 
“open access” journals, far too many articles — even those resulting from 
publicly funded research — are inaccessible to far too many ecologists. As 
a result of these external and internal forces, developing countries need 
to rely on data donations and may lack the technical capacities for data 
analysis.
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Fortunately, as scientists and politicians realize that ecological prob-
lems have no borders, more and more data is becoming available at no 
cost for the world’s scientific community. The use of Internet technologies 
and networks of scientists (see Chapter 6) that can facilitate international 
collaboration can also help alleviate some of the accessibility problems. 
As cell phones become ubiquitous even in remote areas of developing 
nations, new freeware applications such as CyberTracker (cybertracker 

.org) and Ushahidi (ushahidi .com) are creating huge communities of 
citizen-scientists compiling and sharing social and ecological data. Still, 
much more needs to be done in order to make adequate use of this infor-
mation for scientific and applied purposes in developing countries.

Second, although it hasn’t been formally studied, the increasing rate 
of change in technology and the rapid obsolescence of equipment and 
software, as well as a lack of adequate training and personnel, can com-
plicate the use of technology in ecology. A clear example is the application 
of the spatial techniques available for ecological analyses, which are rarely 
used by ecologists who have no specialization in this method, limiting 
its use to a small proportion of researchers. Ecologist Thorsten Weigand 
has tried to set an example of how to move beyond this problem by devel-
oping an open-access spatial-analysis software called Programita, which 
he updates and tests with each successive iteration of his spatial ecology 
course.

Kristin Wisneski, a University of Arizona graduate student who has 
been developing and testing smartphone applications to help get young 
students interested in field-based ecology and natural history, has found 
that keeping programs up to date and helping teachers learn the tech-
nology require a tremendous investment of time. Educators in the field 
experience their own set of challenges, too. While mobile and location 
technologies (such as GPS) facilitate the capture, storage, and sharing of 
observational data, they pose great challenges in formal and informal 
learning situations. Social media, music and video smartphone applica-
tions, and full-time access to an Internet browser bring distractions into 
the classroom. Some teachers, though, have already begun exploring 
those very distractions as means of motivating and inspiring students by, 
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for example, helping them develop youth-driven projects that integrate 
informal learning and the use of technology in order to create linkages 
between the classroom and the natural world.

An emerging worry about the ongoing availability of high technol-
ogy is the impermanence of computer-stored data. Certain satellite data 
are already becoming impossible for scientists to access because of the 
inability of government agencies in charge of data to maintain databases 
stored on outdated digital platforms (Loarie, Joppa, and Pimm 2007). 
More frightening are estimates of the rapid degradation and loss of elec-
tronic files. Damage to storage media and the files stored on them, as 
well as software incompatibility and differences in how “metadata” (data 
about the data, like the dates on which data were saved or modified) are 
transferred between electronic media, all result in potential losses, even 
of relatively recent data. For example, Brad Reagan (2009) notes that an 
electronic updating of William the Conqueror’s “Domesday Book” (which 
documented daily life in Britain in the eleventh century), compiled by the 
BBC in the mid-1980s, is now less accessible, due to file incompatibility, 
than the original Domesday Book written on parchment in 1086! These 
kind of incompatibilities put an extra premium on getting the metadata 
well documented and backed up. As we will discuss in Chapter 6, well-
coordinated scientific networks offer opportunities to address some of 
these issues by developing mutually reinforcing incentives to harmonize 
data collection, storage, and dissemination across the globe.

Third, the larger problem with technology is that even the best tech-
nological sensors can lead to completely spurious conclusions about the 
underlying ecological phenomena. This is not a problem of inadequate 
technological progress. Although remote-sensing data are in some cases 
still too coarse-grained to fully document some key ecological phenom-
ena (Herrick and Sarukhan 2007), history strongly suggests that technol-
ogy will improve to fill these gaps and provide unexpected new tools. 
Indeed, all technological approaches, whether they use molecular genet-
ics or remotely gathered data, must be backed by solid natural history to 
avoid misinterpretation. Technology gives us one very narrow perspec-
tive about a particular ecological phenomenon, and we should be particu-
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larly careful about overgeneralizing results, mindful that our conclusions 
may change with the temporal and spatial scale of observation, the study 
area, and the specific phenomena we are observing.

Several years ago, alarmed by the loss of coastal mangrove forests 
due to tourism development, Exequiel Ezcurra and colleagues calculated 
the potential dollar value of lost mangrove forests in Mexico due to the 
loss of fisheries, nurseries, and habitat for other key elements in coastal 
food webs (Aburto-Oropeza et al. 2008). In response, some researchers, 
using satellite-data analysis showing that the extent of mangrove forests 
in Mexico had actually increased, argued that the economic loss was over-
estimated. Relying solely on the infrared satellite images of the coast, it 
was indeed clear that the extent of mangrove forests had increased. But 
when Exequiel and colleagues arrived on the ground to look at the actual 
mangroves that had supposedly increased, they found a much more 
complex picture in which climate warming, sea-level rise, and habitat 
destruction were all at work. What happened was that higher sea lev-
els — likely caused by climate warming — as well as flooding during El 
Niño events and tropical storms, led to greater inundation of the mudflats 
behind coastal mangrove forests (Lopez-Medellin et al. 2011). This meant 
that mangrove propagules, which grow best in a wet environment, could 
occasionally take root back behind a mangrove forest during the tempo-
rary flooding. The problem is that although these pioneers added to the 
overall extent of mangrove forest seen in satellite data, they provided little 
service to the ecosystem as habitats for organisms or fish nursery habitat 
because they lived on mudflats that were rarely underwater. Similar con-
troversies have been sparked with regard to forest recovery and degrada-
tion in other regions such as the Pacific Northwest of the United States, 
where secondary-growth trees are now old enough to be classified as for-
ests from remote observations, leading to the conclusion that the total for-
est cover has increased, while the ecologically richer primary forest cover 
has actually decreased (DellaSala 2011). Cases like this, which are sharp 
warnings about the perils of becoming too dependent on technology, are 
also pointed reminders not to become too narrow in our approaches. They 
remind us that there is value to becoming an ecologist who intimately 
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understands natural history and natural relationships, no matter what 
methodological approach — technological, experimental, or theoretical — 

is ultimately used.
This brings us to the fourth, and less quantifiable (but not trivial) con-

cern that too much technology, even if operated in service to nature, puts 
us at too great a remove from nature itself. Nature is not just the source 
of the “raw data” to an ecologist, but a source for inspiration, creative 
thinking, and regeneration, all of which are as necessary as sampling and 
statistical skills for being a productive ecologist. It’s easy for us to lament 
the decline in “forest hours” among children and their exponential rise in 
“screen time,” but adults can suffer the same maladies by spending too 
much time in front of our own screens. We may be tempted to use every 
new technological gadget just because it is available, but we need to give 
adequate thought to the specific questions this new technology will help 
us answer. Field observations and a deep understanding of our study sys-
tems are crucial before we become obsessed with new technology. Like 
many symbiotic relationships that become permanent, the relationship 
between natural history and our technology must balance benefits and 
costs, and this balancing act may fundamentally change the distinguish-
ing characteristics of an ecologist. When combined with the kind of deep, 
natural history – based understanding that comes through careful obser-
vation, these technologies can, ideally, give rise to a new kind of ecologist, 
whom physiological ecologist Carlos Martinez del Rio of the University of 
Wyoming calls an “ecological cyborg.” In his words,

Contemporary natural history is for cyborgs: creatures simultane-
ously human and machine. The distinction between a naturalist 
cyborg and just a cyborg depends on the traits that have been tra-
ditionally associated with natural history, and which include finely 
honed ethical and esthetic instincts, biophilia, and the observational 
powers and intuition that result from long hours in the field. (Marti-
nez del Rio 2009)

Although Martinez deftly unites several important aspects of mod-
ern ecology here, our only reservation is that, for most people, the word 
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“cyborg” invokes something more machine than human, while we 
view ecology as an inherently people-oriented science. The relationship 
between human systems and ecological systems were prominent areas of 
study for ecologists of the early twentieth century, operating between two 
devastating world wars. Curiously, though, much of the postwar twenti-
eth-century ecology ignored humans and human impacts, instead con-
ducting work in pristine laboratories or in scientific nature reserves where 
the normal activities of humans are assumed to be nonexistent. Human 
behavior, human decision-making, and human psychology are rarely 
used as variables in ecological studies even though these are the most sig-
nificant variables in most ecological systems. But humans, beyond just the 
human ecologists conducting studies, are beginning to play a central role 
in ecology once again, both because of their undeniable impact on almost 
all ecological systems and because of the contributions that all kinds of 
people — not just scientists — are making to ecological science. In the next 
chapter, we discuss these contributions, how they are expanding what we 
can study in ecology, and how they are forcing us to ask new questions 
about the interface of science and society.
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One of the most notable features of an observation-driven approach to 
ecology is that data can come from anywhere. There are virtually no limits 
on the types of observations that might become part of a scientific study 
of changing ecological systems. Old photographs, a naturalist’s field note-
book, seafood-restaurant menus from a bygone era, long-forgotten scien-
tific papers, a gambling contest, feathers of a bird preserved in a museum, 
stories passed down from generation to generation, and even a centuries-
old pack-rat midden preserved by generations of pack-rat urine have all 
been used recently in ecological studies. This openness is both a benefit — 

it creates limitless opportunity for ecological studies and also invites all 
sorts of people to become part of a new ecological understanding, regard-
less of their scientific training, means, or geographic location — and also a 
curse — how do we sift through it all to find out what is useful, and once 
we find what we are looking for, how much can we trust all these uncon-
trolled observers?

With this open view of ecological data, the high-tech wizardry we 
gushed over in the last chapter is put into proper perspective as just one 
means of achieving a larger ecological understanding. Some of the best 
observations of nature come from people who have little or no technology 
at their disposal. This chapter is about humans who have observed the 
environment closely for long periods of time and passed these observa-
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tions down through generations, and about what they can contribute to 
scientific ecology.

Ecological Knowledge from Local and Traditional Observers

Humans have developed a number of ecological observing systems that 
rely on both their innate senses (Chapter 3) and culture, rather than tech-
nology, to transmit and improve the accuracy and utility of their find-
ings. Moments before the devastating 2011 tsunami in Japan, for example, 
fishermen who were out to sea and felt the trembling of an earthquake 
remembered their grandfathers’ observations that “tsunami do not rise 
in deep water,” and quickly stopped fishing and moved further offshore, 
letting the tsunami wave gently pass under them (Shimbun 2011).

Although it may have been first developed as a survival mechanism, 
culturally transmitted ecological knowledge is not limited to ecological 
concerns of immediate relevance to our survival. Much of it arose as part 
of the intergenerational preservation of cultural identities expressed in 
artwork and mythology built around natural organisms or natural phe-
nomena (Dayton and Sala 2001). Other data has long been amassed for 
the sake of maintaining both the seasonal and long-term ability to harvest 
plants and animals (Fleischner 2005). These types of data and practices 
have come to be known as Local Ecological Knowledge (LEK) and Tradi-
tional Ecological Knowledge (TEK), the latter of which has been defined 
by the Ecological Society of America as “adaptive ecological knowledge 
developed through an intimate reciprocal relationship between a group 
of people and a particular place over time” (www.esa.org/tek). LEK dif-
fers somewhat from TEK in that it does not necessarily require a tradi-
tion of knowledge handed down through generations (Gilchrist, Mallory, 
and Merkel 2005). A first-generation fisherman, for example, may acquire 
excellent local knowledge of the local ecology through the course of her 
life’s work.

Often these nature observations have been made as a routine part of 
daily life. Traditional and local knowledge holders have spent abundant 
time in direct connection with nature — as ranchers and farmers, herbal-
ists and artisans, fishermen and foresters. Through this connection they 
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are able to observe far more and with far greater context than a scientist 
might in a limited field season.

In fact, the beginnings of science were marked by the systematization 
of traditional observations. As natural sciences evolved, there developed 
a division based on the authority of observers (qualified vs. amateur) 
that ultimately devalued TEK and LEK. Nonetheless, scientists have long 
been aware of the value of traditional knowledge in gaining ecological 
understanding.

Consider again Samuel Lockwood’s “Something About Crabs” paper 
from The American Naturalist in which he noted, “We knew some years ago 
an old crabber, wholly illiterate, but whose intelligence was above aver-
age. . . . Often when supplying the family with fish, has he been closely 
questioned by us about the crabs. . . . ” (Lockwood 1869) There is a clear 
note of condescension discernable in Lockwood’s account and this reflects 
the treatment of traditional and local ecological knowledge holders and 
their data for much of the history of ecological science. Nonscientists were 
commoners whose charming anecdotes might add some color to a scien-
tific exploration but could never achieve the precision or depth of under-
standing attainable by a man of letters.

But science is increasingly recognizing the value of data gathered by 
nonscientists, a trend that Gary Nabhan has tracked and discusses in Box 
5.1. This new wider acceptance is due in part to a new-found respect for 
nonacademic knowledge and non-Western lifestyles, but it is also purely 
pragmatic — the halls of science have failed over the last century to pro-
duce much of the data we would like to have if we are to understand our 
changing planet (Dayton 2003). 

Valuing the Role of Different Observers in Ecology

The large gaps in ecological information have opened the door for the 
acceptance of data that otherwise would have been dismissed. Infor-
mal and traditional cultural sources of data are filling these gaps and 
being used in ecological science and conservation management. In his 
paper “The Case for Data-less Marine Resource Management: Examples 
from Tropical Nearshore Finfisheries” — a title likely to have rankled 
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professional fisheries managers who rely on reams of data and complex 
mathematical models to determine “optimal yield” targets for fishing 
efforts — R. E. Johannes outlined cases from South Pacific cultures where 
traditional knowledge regarding fishing practices was at least as effective 
as quantitative “scientific” management (Johannes 1998).

BOX 5.1

Traditional Ecological Knowledge and Observation-Based Ecology

GARY NABHAN

The traditional ecological knowledge of place-based indigenous and peasant cul-

tures is perhaps the oldest fund of observational ecology or natural history data 

extant on this planet. However, because most of it has been orally transmitted 

over the decades and centuries, most Western scientists have had neither access 

to it nor much respect for its value. That is ironic, for the seeds of modern ethnobi-

ology were planted at about the same time as those of modern ecology, between 

the 1860s and 1890s; since that time, an ample and often insightful literature 

of traditional ecological literature has emerged that should rightly be studied and 

celebrated by all observational ecologists, regardless of their cultural origins.

Contrary to popular misconception, ethnobiology demonstrates that tradi-

tional knowledge of plants and animals extends far beyond their names in indig-

enous languages and their uses by subsistence cultures. In fact, it can be argued 

that indigenous ecological knowledge includes true intellectual inquiry into the 

relationships among plants, animals, cultures, and their habitats rather than 

merely being a utilitarian resource-management practice. Traditional ecological 

knowledge embraces the domains of biosystematics, anatomy, physiology, phe-

nology, chemical ecology, community ecology, and even agro-ecology. It, like 

much of observational ecology and natural history, analyzes “found experiments” 

such as lands differentially affected by wildfires, floods, weather shifts, or graz-

ing to infer ecological effects or certain “treatments.” In its interpretations, tradi-

tional ecological knowledge is certainly imbued with orally transmitted knowledge 

from other generations, so it often discerns cause-and-effect relationships that 

do not necessarily reflect from observations made exclusively during just one 

lifetime. It typically uses no statistical methods to discern longitudinal patterns, 

but does intuitively integrate many observations taken over long periods of time. 



 79

LOCAL , TRADITIONAL , AND ACCIDENTAL ECOLOGICAL OBSERVERS AND OBSERVATIONS  

Hundreds of scientific papers in the last decade discuss TEK and 
LEK, and although scientific ecology was slow to admit them into actual 
research projects (Gilchrist and Mallory 2007), papers are increasingly 
using these forms of knowledge to address subjects as varied as climate 
change’s effects on phenology (the timing of natural events like flower-

As such, it harbors within its fund of knowledge observations that could have not 

been made by Western-trained scientists who have more recently arrived in the 

same habitats.

For instance, Seri Indian elders recall observations of California condors on 

Tiburon Island in the midriff of the Gulf of California from the 1920s and early 

1930s. Hopi elders also orally transmit similar observations of condors made 

by their ancestors, observations that predate condor extirpation in the Grand 

Canyon around the 1890s. Such orally transmitted data points derived from tra-

ditional ecological knowledge may be used to broaden or refine options for the 

recovery of endangered species.

Similarly, the Seri have already played a role in the recovery of endangered 

sea turtles through providing conservation biologists with an extraordinary set of 

data on leatherback turtle nesting-beach location and feeding-ground location, 

as well as their diet and behavior. The probability of conservation biologists inde-

pendently coming upon such a wealth of observations regarding this rare marine 

reptile — given the species’ low population density and level of endangerment — is 

exceedingly low.

And yet, the complexities of how the Seri use their native language and Span-

ish to communicate such knowledge remains a barrier to fully integrating such 

knowledge into species-recovery plans. It takes someone conversant in their 

language and familiar with sea turtle biology to fathom the depth and utility of 

the Seri’s understanding of leatherbacks. Such depth cannot be “extracted” or 

“downloaded” in a single interview or even a single season.

If observational ecologist or natural historian is the world’s oldest profes-

sion, it is also among the most endangered of professions due to language loss, 

oppression, and economic domination of indigenous peoples. Nevertheless, the 

indigenous youth of today are surely among the rightful heirs to the legacy of 

natural history as a cultural practice.
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ing or hibernation), harvesting effects on natural populations, food-web 
structure, and migration patterns (Salomon, Nick M. Tanape, and Hun-
tington 2007). For example, a March 2011 search on the Web of Science 
revealed 275 papers that cited the seminal paper “Rediscovery of tradi-
tional ecological knowledge as adaptive management” (2000), which 
introduced much of the ecological science community to the value of 
TEK and the prospects for incorporating it into their research. Most of 
these papers present examples in which TEK or LEK was used to gain 
ecological insight or was applied to management issues. Jeffrey Herrick 
and colleagues have shown that national ecosystem assessments, with 
outcomes suitable for affecting management and policy decisions, can be 
developed by combining ground observations, remote sensing, and cell-
phone data recording with LEK and more quantitative scientific observa-
tions (Herrick et al. 2010). The Ecological Society of America now has an 
active section on Traditional Ecological Knowledge that aims to foster the 
respectful use of TEK as well as to encourage more active participation of 
indigenous people in ecological science. In other words, noninstitutional 
forms of knowledge are becoming institutionalized.

At the same time, in a world increasingly populated by observant 
humans, some important data for understanding ecological dynamics are 
collected with no thought beyond their immediate use. These might be 
past scientific studies aimed at particular narrow questions, or what we 
might call “AEK” (Accidental Ecological Knowledge) — information that 
only later was discovered to have ecological significance. For instance, 
a photo of the Swiss Alps may have been created for a tourist postcard 
but now is an important data point in a worldwide study of retreating 
glaciers (Webb, Boyer, and Turner 2010). Rafe analyzed data from each 
year of an 87-year-long series on the exact time in spring when the ice in 
the Tanana River in Alaska melted and found that trends in the timing 
of spring melt coincided closely with both long-term climate warming 
and multi-decadal variations in warm and cool periods throughout the 
twentieth century (Sagarin and Micheli 2001). The source of these data 
wasn’t a long-term scientific study but an ongoing gambling contest in 
which participants had to guess the exact minute in which a wooden tri-
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pod put out on the ice in winter would fall through the thawing spring 
ice. With $300,000 on the line and hundreds of people camped out on the 
riverbanks in anticipation of the moment when the tripod falls, the overall 
record is both the most accurate record of spring ice melt (many observers 
are watching and ensuring that the time is correctly documented) and the 
most precise record (it is recorded down to the minute, rather than day, or 
week, of melt).

In this case, the value of the data doesn’t come from any particular local 
wisdom (the vast majority of participants in the ice melt contest guess the 
wrong time), but from simply being the only reliable data source available. 
While there are some long-term scientific temperature records from inte-
rior Alaska, they suffer from large temporal gaps in recordings, known 
inaccuracies, and frequent movement of weather stations (which exposed 
recording equipment to very different microclimates at different points in 
the record). For these reasons, it has been noted, ironically, that ice-melt 
records may be “more accurate long-term indices of air temperature than 
air-temperature records themselves” (Assel and Robertson 1995).

The Limits of LEK, TEK, and AEK

Local knowledge can at times be too narrowly focused. Local resource 
users may have unparalleled knowledge of the species they harvest and 
some of their immediate ecological relationships, but if they group all 
other species into a less important category, then the quality and quantity 
of available knowledge may not match what is needed for an ecological 
study. Indeed, the narrowing of traditional ecological knowledge likely 
began, long before recorded history, when we first became agricultural-
ists and needed to cultivate more-specialized knowledge about particular 
species and ecological phenomena (Fleischner 2005).

Data sources in historical ecological studies also inevitably suffer from 
being too narrow in scope. Whether taken accidentally or deliberately as 
part of a scientific investigation, historical data sources almost never have 
as much spatial or temporal resolution, taxonomic diversity, or detailed 
description of the “metadata” (the information about how and why the 
data were taken) as we would like (Sagarin 2001).
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The stability and utility of informal ecological knowledge rests, 
sometimes precariously, with the individual knowledge holder and with 
the cultural context in which the knowledge is generated and held. For 
example, although informal ecological knowledge has been important in 
evaluating the effects of climate change, some of these forms of knowl-
edge may be unable to keep up with rapid changes to social and eco-
logical systems. Johannes, for example, showed that generations of South 
Pacific fishing communities thrived with “data-less” management, but he 
acknowledged that more quantitative data and scientific methods will be 
necessary to continue sustainable management in the current era of rapid 
change (Johannes 1998).

As with all forms of data, the accuracy of informal knowledge can 
degrade over time. Two groups of researchers working in different parts 
of the Gulf of California found that younger generations of fishermen 
considered the maximum size of any particular fish species to be signifi-
cantly smaller than fishermen from older generations (who had person-
ally seen much larger fish), and younger fishers were also much more 
likely than older fishers to think that little change had occurred in their 
fishery (Lozano-Montes, Pitcher, and Haggan 2008; Saenz-Arroyo et al. 
2005). But these studies also showed the value of learning from the knowl-
edge of people with a long history of interaction with nature, before their 
knowledge is gone forever. Both the passing of individual observers and 
the more troubling passing of entire cultures and language groups have 
long caused concern among anthropologists, but this should be a concern 
to ecologists as well (Davis 2010).

How do traditional sources of knowledge stack up against more main-
stream data sources? Local and traditional methods of ecological observa-
tion can be compared directly to more mainstream methodologies when 
they are both used in the same study. Gilcrest and colleagues evaluated 
LEK of Inuit people against scientific studies related to populations and 
distributions of four marine bird species and found a full range of accu-
racy, from low to very high (Gilchrist, Mallory, and Merkel 2005). They 
conclude that LEK can be an essential complement to more mainstream 
means of achieving ecological understanding, but that it can rarely stand 
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on its own as a basis for guiding conservation management in an era of 
rapid and widespread ecological change. At the same time, Brook and 
McLachlan caution that when we compare mainstream “scientific” data 
and informal data sources we should avoid the preconception that data 
collected in a typical scientific design create the “correct” baseline against 
which to test the “suspect” traditional or local knowledge — indeed, sev-
eral cases have been found in which LEK provided more-accurate pictures 
of ecological cases than did scientific studies (Brook and McLachlan 2005).

Indeed, the benefits of using traditional knowledge may be over-
looked if we only consider what gets published in the “Results” section 
of a typical scientific paper. Attum and colleagues, for example, tested 
the efficacy of experienced human observers against radio telemetry for 
tracking endangered tortoises in Egypt. They found that both methods 
yielded similar results in terms of efficiency and accuracy, but employing 
human observers provided the added benefits of creating incentives for 
conservation and greater interest in the long-term research goals than if 
the scientists had simply used remote sensing with radio tracking (Attum 
et al. 2008).

The incongruence in conclusions based on different sources of data 
highlights a key point about the fallibility of any human observers. Even 
the most admired observers of nature have sometimes drawn incomplete 
or wholly inaccurate conclusions about the natural world, hobbled by 
their inability to see across large spans of time or space. John Muir, a keen 
observer of the world who could convey the grand scope of California’s 
Sierra mountains and valleys to generations of readers, and who even 
witnessed the destruction by dam of his beloved Hetch Hetchy Valley, 
nonetheless grossly underestimated the ability of humans to alter natu-
ral systems, writing, “Fortunately, Nature has a few big places beyond 
man’s power to spoil — the ocean, the two icy ends of the globe, and the 
Grand Canyon” (Muir 1918). In struggling through the figures for their 
next edition of the Pacific Coast field guide Between Pacific Tides, Ed Rick-
etts confided his confusion to his co-author Joel Hedgpeth about the 
average ocean temperature data (isotherms) that he was receiving from 
the Scripps oceanographer Harald Sverdrup, which didn’t coincide with 
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previous records. “The only other explanation is that the isotherms have 
changed,” he wrote. “This is known to have happened in the past, but I 
always thought of that in terms of the geological past. If not even the mean 
isotherms are going to stand stationary long enough for them to be stan-
dardized, where are we?”* And although Ricketts consciously sought to 
achieve a much larger view of ecological understanding — what he called 
the “toto picture” — by his own admission he often fell short of that goal. 
Along with his friend John Steinbeck, he wrote of their disappointment, 
after an eight-week journey through the Gulf of California, that they 
“could not yet relate the microcosm of the Gulf to the macrocosm of the 
sea” (Steinbeck and Ricketts 1941), meaning that despite all their intensive 
observation, the connection between their relatively small body of water 
and the larger oceanic ecosystems was still not clear.

The passage of time, the compounded impacts of human activities, 
and new technologies developed by humans have both revealed the limits 
of these earlier observations and their importance as baselines for mark-
ing how much has changed. Muir would be horrified to learn — although 
it is common knowledge to almost all ecology students today — that the 
Grand Canyon, the oceans, and the poles have all been radically and irre-
vocably altered by humans. By contrast, we are equally struck to know 
that less than 100 years ago such impacts could not even be predicted by 
the most ardent environmentalist. It would only be a few decades after 
Ricketts’s death in 1948, through the use of observational data taken as 
part of a long-term oceanographic monitoring program developed at 
Scripps, that we would learn that the mean isotherms of ocean tempera-
tures were, in fact, changing rapidly, and that the most likely agent of 
change was human-caused climate warming (McGowan, Cayan, and Dor-
man 1998; McGowan 1990). Yet these changes could never have been dis-
covered without the prescient vision of Ricketts, who publicly called for 
a long-term oceanographic monitoring program (Ricketts 1945 – 47), and 
the Scripps scientists who made such a vision a reality. And when Rafe 

*Ed Ricketts, letter to Joel Hedgpeth, 9 December 1945. Edward Flanders Ricketts 
Papers, 1936 – 1979. Special Collections M0291, Stanford University Libraries, Depart-
ment of Special Collections and University Archives.
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and several other scientists returned in 2004 to the same locations studied 
by Ricketts and Steinbeck in 1940 to document changes to the Gulf, the 
microcosm and the macrocosm that Ricketts failed to connect could easily 
be reconciled in observations of coastal development, emerging zoonotic 
diseases, overfishing, loss of top predators, and climate warming, all of 
which have altered the Gulf and many parts of the world’s seas in parallel 
(Sagarin et al. 2008). Yet this connection could not have been made with-
out the detailed and insightful literary record laid down by Ricketts and 
Steinbeck.

The promise and pitfalls of informal ecological observations are an 
intensified reflection of those facing all scientific data. We believe that 
the benefits of a much more inclusive ecological science far outweigh the 
costs, both in terms of their present value and in terms of the positive 
feedback cycle that is generated by getting more people and perspectives 
involved in observing nature and its changes, developing or validating 
their own sense of biophilia, and this in turn stimulating a desire to pro-
tect and restore natural systems. Moreover, both mainstream scientific 
investigations and local ecological knowledge can be improved with ref-
erence to one another, and likewise both scientists and local communities 
can benefit from mutual sharing of ecological observations. Opening up 
ecological science so widely is already creating a rush of new data. None-
theless, these data aren’t evenly available everywhere and to everyone, 
and their quality varies widely. In the next chapter, we show how the 
continued success of observational approaches depends critically on how 
we create, analyze, share, and care for observational data.
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THE CHALLENGES POSED BY  
AN OBSERVATIONAL APPROACH

In this part of the book we step back from our unbridled enthusiasm for 
observational approaches to look more soberly at all the difficulty they 
cause. There are a number of practical difficulties of dealing with sources 
of data that can be woefully sparse at the times and in the places we’d 
most like to have them, and yet in other times and places they can be so 
frighteningly abundant that not even our biggest hard drives can handle 
them. In Chapter 6 we illustrate some solutions to data problems that 
involve both a renewed valuation of old data-storage methods, such as 
natural history museums, and heightened attention to new means of ana-
lyzing and sharing large observational data sets.

But even given the challenges of finding, storing and analyzing eco-
logical data, there are still fundamental questions that arise concerning 
observational approaches to ecology. It’s not the idea of observing per se 
that it is in question, but how observations are to be used, that has caused 
longstanding scientific and philosophical debates. In Chapter 7 we get 
right to the heart of these debates with a fundamental question: “Are 
observational approaches to ecology scientific?” In exploring this ques-
tion, we raise the most common critiques of observational approaches and 
show why these critiques are far less devastating to observation-based 
arguments (and sometimes wholly irrelevant) in an era of massive obser-
vational data pools that can be examined and cross-examined using the 

P A R T  I I I
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type of analyses we discuss in the following two chapters. Ultimately, our 
answer to the fundamental question is “yes, observational approaches to 
ecology are scientific” — but this is tempered by the knowledge that there 
is a high bar to making observations that are both scientific and useful to 
science.
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In the last chapter we showed that a greater openness to the observations 
of nonscientists is unveiling valuable new data sources and even acciden-
tal ecological knowledge. In this chapter we focus on the more formalized 
types of observational data that ecologists have been taking for well over 
a century in the form of museum collections, historical data, long-term 
monitoring schemes, and more recently, networks of ecological observers. 
How ecologists plan to collect these data, how the collections or observa-
tions are maintained and stored over long time periods, and how they are 
analyzed all ultimately affect the strength of the conclusions we can draw 
from them.

Ecologists have always used unmanipulated observations, and some 
classic ecological texts from decades ago, such as Jared Diamond and Ted 
Case’s Community Ecology (1986) and Jim Brown’s Macroecology (1995), 
highlight the value of large observational data sets. What is different now 
is that the sheer volume of observational data, the diversity of its sources, 
and its variability in availability and quality is unprecedented. Sometimes, 
as is the case within genetics and genomics, we are literally creating more 
data than can be stored, even on electronic media (Pollack 2011). At other 
times this situation leads, frustratingly, to a lot of simply useless data just 
lying around or accumulating on hard drives. And sometimes we uncover 
good sources of data, but there just aren’t enough of them. We’re facing a 

Dealing with Too Many  
Observations, and Too Few

C H A P T E R  6
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modern paradox, which is that even as we are flooded by some data, there 
are still many regions of the world and many ecological questions that are 
debilitatingly data-poor. Solving this paradox will mean addressing four 
issues: (1) identifying useful data that can be efficiently extracted from a 
much larger matrix of ecological observations; (2) finding ways to fill in 
gaps in historical, modern, and future data-collection efforts; (3) connect-
ing observers and observations in order to achieve a global understanding 
of ecological phenomena; and (4) capitalizing on the myriad ways — old 
and new — of analyzing these data in order to put the data flood to benefi-
cial use. The payoff from filtering through these data and cleverly layering 
multiple methods of data analysis is a remarkable array of studies that 
stretch the scope of ecology, giving us deeper insight into long-standing 
questions and new views of the changing world.

Identifying Useful Data within a Flood of Data

Data can be collected in a multitude of ways for every specific question 
in ecology. Put a bunch of ecologists in one room with a question and 
ask them to come up with a list of data types that would be relevant to 
answering the question, and in a few hours you will have more ideas 
about what data is important to collect that you can afford to fund with 
the entire budget for ecological research. This is not trivial in an era where 
funding is limited and the unanswered questions are unlimited. Prioriti-
zation of which observations are most relevant is a difficult but essential 
task, not to be undertaken lightly.

We might think we’d like to have an infinite set of variables recorded 
over long periods of times to explore all potential relationships in eco-
logical problems. Setting aside for now the enormous problem of how 
we might deal with all that data, the reality is that the data we actually 
can have depends on a combination on very uncontrolled factors (e.g., a 
volcanic eruption sterilizes all life on a mountainside, providing an ideal 
natural laboratory to study succession) and also the changing interests of 
the research community (e.g., research trends, funding priorities). More-
over, especially for long-term data sets, what data to collect and how to 
collect them are often decisions made several decades ago, long before the 
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actual analysis of the data. By the time we want to test a particular ques-
tion with the data, we may discover that they weren’t aimed at addressing 
questions that are currently of interest, or they may have been collected in 
outmoded ways that leave large gaps in our understanding.

For example, data on fecal indicator bacteria (FIB) in coastal water 
bodies, which are relevant to many ecological questions (especially as we 
try to protect or restore water quality and habitat in coastal marshes), 
have been collected under various legally mandated frameworks in the 
United States. The data are collected at certain frequencies (e.g., daily or 
weekly) using simple bacterial-culture protocols that have been largely 
unchanged for decades. For an ecologist looking to study the effects of, 
say, a wetlands-restoration project on water pollutants, these data may 
be useful, but they aren’t likely to cover the rapid daily shifts we now 
know occur in FIB concentrations (Dorsey et al. 2010), nor will they give 
us genetic information (which is now available through new molecular 
methods (Sagarin et al. 2009) on the likely source of those FIBs. (Did they 
come from the birds enjoying the restored wetlands, dogs being taken 
for a walk on the wetland nature trails, or from human sewage?) With 
political pressure to get the wetlands restoration going as soon as pos-
sible, but with the inertia of a deeply entrenched bureaucracy slowing 
any proposed changes to sampling protocols, there likely won’t be time 
to implement the latest FIB assessment techniques before the restoration 
efforts in an ideal “Before-After Control-Impact” (BACI) study (Schmitt 
and Osenberg 1996). There will always be such mismatches in what we 
have and what we would like to have, in part because the time frames for 
technology advancement, political change, and management change are 
so different from one another.

Having a sense from the outset of what makes a good historical data 
set to use as a baseline can be helpful in both screening potential data sets 
for their usefulness and in planning effective new data-collection efforts, 
as Julie Lockwood shows by using historical bird atlases in Box 6.1. In the 
mid-1990s, as a few dozen papers appeared that linked climate change 
to changes in species distributions and populations, Rafe developed a 
checklist of data attributes that would be most useful for these kinds of 
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studies (Sagarin 2001). The strongest studies had some combination of 
good spatial resolution (a large number of field sites spread across a large 
area), good temporal resolution (studies spanning a large range of time, 
especially when data are taken frequently across that span) and good tax-
onomic resolution (sampling of a lot of different types of species so that 
one can see if there are differences in the effects on species with differing 
physiological needs, such as reptiles and mammals). Not all studies need 

BOX 6.1

Historical Records Shed Light on Biological Invasions

JULIE LOCK WOOD

History teaches everything, including the future.

 —Alphonse de Lamartine

When students enter graduate school they often assume that the data they use 

in their dissertations must be hand-collected by themselves alone. Sometimes 

the better route is for each student to stitch together various data sources into 

one coherent long-term view of a research topic. A critical resource for such a 

student is historical records.

Historical records can include anything previously published in books, jour-

nals, or reports. The data gathered from such sources range from purely qualita-

tive descriptions to tomes of quantitative data organized in tables and graphs. 

Although there are limitations to what can be inferred based on historical data, 

such information is amenable for use by the modern biologist and can be treated 

in much the same statistical way as one would treat self-collected data.

Along with my colleagues Tim Blackburn and Phillip Cassey, I have made 

much use of a particularly comprehensive and compelling historical record on 

birds introduced as non-natives to locations around the world. The data primarily 

come from two published sources. The first is a classic book by George M. Thom-

son that details the history of plant and animal introductions into New Zealand 

(Thomson 1922). Thomson collated the myriad sources of data on birds intro-

duced to New Zealand via the activities of acclimatization societies, which were 

groups of citizens that devoted their time and money to importing and releasing 
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to cover all of these areas (it would be unrealistic to think any individual 
study could) but data sets lacking in all of these areas may not be worth 
the effort and expense to analyze or maintain. In choosing which data 
sets to seek out, or to create, it helps to have a larger context in which to 
understand where a particular study would fit within the larger ques-
tion we are trying to address. In the example here, the larger context is 
how living things are responding to present-day climate change — a con-

birds (and other species) in order to satisfy aesthetic and practical goals. He cre-

ated a rich source of information on the role of numbers of individuals released 

(propagule pressure) on non-native species’ establishment success, among other 

currently relevant topics. Through a series of publications, my colleagues and I 

have shown the power of propagule pressure to explain variation in invasion suc-

cess, across species and locations (Cassey et al. 2004).

The second is perhaps a more impressive collection of detailed records on 

bird introductions by John Long (Long 1981). Long completed a massive review 

of available literature to detail which birds have been introduced outside of their 

non-native ranges, which of those were successful in establishing self-sustaining 

populations (as of 1981), and the circumstances surrounding those introduc-

tions. Long’s book has become a staple for a variety of investigations into the 

causes and consequences of non-native species establishment, post-invasion 

evolution, the extent to which interspecific competition structures community 

membership, and the role of invasive species in causing the extinction of native 

species. For example, the data in Long provided a critical resource for our com-

prehensive review of how avian invasions can inform basic theories in ecology 

and evolution (Blackburn, Lockwood, and Cassey 2009).

Historical documents contain a wealth of information relevant to invasion biol-

ogy and other fields, but this source of data is vastly underutilized. In terms of 

our understanding of non-native birds, the historical details surrounding each 

species’ introduction into a novel area are pertinent for understanding their 

subsequent evolutionary trajectory, interactions with co-occurring species, and 

population dynamics. Combining such historical information with the tools and 

techniques of modern biology can thus provide unprecedented insights into ecol-

ogy and evolution.
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text within which many different types of studies could be fit, each with 
its own strengths and weaknesses. Thus, even though each study in the 
early years of uncovering species responses to climate change may have 
only been able to confidently illustrate a small fragment of the story, when 
taken together the studies became a mosaic that clearly reveals a picture 
of whole communities being altered by climate change. 

In general, to understand an ecological system, which operates by 
its nature at multiple scales, information should be collected at multiple 
scales to see whether patterns observed or experimentally determined are 
replicated at larger spatial or temporal scales, and to see whether certain 
patterns emerge only when viewed at large-enough scales. For example, 
to study biological invasions, observational data that come from multi-
ple sources, from county weed records to national plant inventories, can 
be particularly useful for detecting patterns across multiple scales. Tom 
Stohlgren and his colleagues have been studying plant invasions in North 
America and around the world, and have found striking patterns that 
have challenged the results from small-scale experiments, as he describes 
in Box 6.2. More recently, using global herbarium data from 13 regions 
worldwide, Stohlgren et al. (2011) detected that a large proportion of the 
most widely distributed plants (those with a larger distributional range) 
are non-native, which highlights the fact that invasions are contributing 
to biotic homogenization at regional and global scales. 

Long-Term Data Storage to Prevent Data Droughts

Sometimes you don’t get the data you want because it just isn’t there. 
There are a lot of ecological data that haven’t been taken yet, both in a triv-
ial sense (because the total volume of ecological information to be probed 
is essentially infinite), and also a more pragmatic sense (because going 
out and recording natural observations has never been a top priority of 
funding agencies). Unfortunately, the word “monitoring” is sometimes 
still perceived negatively in scientific panels as synonymous with explor-
atory research with no clear hypothesis (Pereira et al. 2010; Lovett et al. 
2007; Nichols and Williams 2006). Even when there is an intention to take 
basic ecological monitoring data (and the many recent demonstrations of 



BOX 6.2

The Rich Get Richer in Invasion Ecology

TOM STOHLGREN

Influential ecologists such as Charles Darwin and Charles Elton believed that 

habitats low in native-species richness were more prone to invasion by alien 

species. Small-scale experiments in artificially constructed “communities,” with 

1-m2 plots in protected old fields, seemed to agree with earlier observations 

(Tilman 1999). Based on these carefully controlled experiments, scientists con-

cluded that “. . . diverse communities will probably require minimal maintenance 

and monitoring because they are generally effective at excluding undesirable 

invaders” (Kennedy et al. 2002).

Meanwhile, my field crew and I wanted to measure patterns of native and alien 

plant-species richness in natural communities that include a montane meadow 

and forest in Rocky Mountain National Park, Colorado. We were also interested in 

how the scale of observations influenced our results, so we established a series 

of multi-scale vegetation plots. Each 1000-m2 plot contained one nested 100-m2 

subplot, two 10-m2 subplots, and ten 1-m2 sub-plots. Preliminary data suggested 

that at most spatial scales (10-m2 to 1000-m2), there was a positive relationship 

between native-species richness and alien-species richness. Results were highly 

variable for the 1-m2 subplots. We immediately replicated the sampling in the 

Central Grasslands, with additional sampling in four states. We found the same 

general patterns and reported our findings (Stohlgren et al. 1999). Additional soil 

sampling confirmed that habitats high in soil nutrients and soil moisture gener-

ally supported more native and alien species than habitats low in light, water, 

and nutrients. Our hypothesis was that environmental conditions that fostered 

native species also fostered alien species — the rich would get richer (Stohlgren, 

Barnett, and Kartesz 2003). We tested this hypothesis by comparing nutrient-

rich riparian zones with adjacent, drier upland sites. Again, we found the same 

predictable results (Stohlgren et al. 1998). We then gathered independent data 

sets (data we didn’t collect) from other observational studies, including herbaria 

records and forest health monitoring plots from across the conterminous United 

States. We were alarmed to discover that the “rich get richer” pattern of invasion 

is a widespread pattern at most spatial scales. Further observational studies in 

natural ecosystems cast serious doubt on the importance of competition and 

biotic resistance in containing invasions (Stohlgren et al. 2008). We conclude the 

exact opposite of Kennedy et al. (2002): “Diverse natural communities will prob-

ably require maximum maintenance and monitoring because they are generally 

ineffective at excluding undesirable invaders.”
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the value of monitoring is starting to change perceptions of this activity), 
many government agencies, many countries, and even whole regions of 
the world lack the resources needed to collect ecological data in a system-
atic and sustained manner. And once the data have been taken, they may 
be inaccessible because of the digital media problems we discussed in 
Chapter 4, or because they haven’t been carefully curated.

In the early days of ecology, the way to lock in observations was to 
collect organisms and save them in natural history museums. The ability 
to shoot, stuff, fix, and preserve biological specimens was considered ele-
mental and indispensable for a scientist, who could make his mark by the 
size of the collections attributed to him in prestigious museums. Both the 
teaching of these collecting skills and the central role of natural history 
museums faded throughout the twentieth century, but it is now being 
rediscovered and enhanced in the genetic age (Wandeler, Hoeck, and 
Keller 2007; Graham et al. 2004) when whole new discoveries about the 
relationships of organisms and their historical population sizes, among 
other phenomena, can be assessed by using preserved genetic material. 
For example, genetic samples stored in museums can help us understand 
population demography and genetics in historical times. Craig Miller and 
Lisette Waits (2003), analyzing 110 museum samples of Yellowstone griz-
zly bears collected in the twentieth century, found that genetic diversity 
and the size of these populations have been low historically, so that their 
current small population size may not reduce genetic diversity as quickly 
as expected. Even the low-tech simplicity of a museum record, which 
plainly states that “this organism lived in this area at this time,” can be 
surprisingly useful for studies of how species may change over time in 
their distribution, demography, and genetics, especially given the uncer-
tainties of climate change (Johnson et al. 2011; Lister 2011).

As samples for herbariums and museums were often collected as a 
matter of course during an expedition, with no particular question in 
mind to limit the scope of the collection, impressive amounts of infor-
mation are available in these institutions. Of course, biases can arise due 
to both the non-quantitative nature of most collections and the fact that 
collections are not sampled at random from a larger population. We can’t 
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know, unless detailed descriptions were included with a collection, how 
much effort the original researcher put into finding and collecting the 
individuals in a given museum lot. There may also be an overrepresenta-
tion of certain species that were especially attractive to naturalists of a 
given time, and even experts on a certain group (gastropod snails, for 
example) may focus disproportionately on certain species within that 
group.

These biases can become problematic when they leave collections dis-
proportionately underrepresented in species that indicate ecological phe-
nomena of interest (Bebber et al. 2010). For example, a bias among early 
botanists against collecting introduced plants has reduced the opportuni-
ties to gain a clear understanding of the history and spread of non-native 
plants. This is especially relevant in countries that have only recently 
developed a greater critical mass of botanists. In Chile, for instance, this 
collection bias against non-native species and ornamental conspicuous 
species has limited the number of samples of species such as Pinus spp. 
and other very invasive trees and shrubs. As a result, ranges and resident 
times for these species can be highly underestimated by using herbarium 
records alone. Collections should be planned to maximize relevant data 
collection in the field, given limitations in funding and human resources 
(Bebber et al. 2010).

There are also ethical issues behind all those pinned lepidoterans and 
skinned mammals. Some people oppose the idea of collecting species just 
for the sake of it, and this opposition group understandably grows when 
we are dealing with rare or endangered species. But the ethics aren’t black 
and white. A recent documentary film, Ghost Bird, which addresses the 
question of whether the ivory-billed woodpecker is really extinct, poi-
gnantly showed the paradox of collecting for museums. Museum-pre-
served skins of ivory-billed woodpeckers collected by naturalists provide 
a critical link enabling today’s researchers to check if their fleeting obser-
vations in the swamps of the southeastern United States are really rem-
nant populations of living birds. But those collections themselves, made 
in the early twentieth century, likely had a devastating effect on the then-
dwindling ivory-billed population.
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Curators have been grappling with these questions and trying to 
answer them in a modern context. Digital photography offers the oppor-
tunity to inexpensively archive many details of organisms that are then 
left to go on living in the field. Genetic data can be collected and archived 
based on small, non-lethal tissue samples, even in the case of endangered 
species. For example, whales can be sampled both by photographing their 
distinct markings and by obtaining small samples for genetics research 
by lancing the blubber when they surface (provided that the researchers 
have waded through a mass of federal and international regulation to get 
the appropriate permits).

Obtaining the funding for museum collections is always difficult and 
becomes more so as costs increase due to the accumulation of collections 
(Mazzarello 2011). Museums can store data but they can’t promise quick 
or definitive answers to ecological questions. For funding agencies and 
foundations looking for a sure bet in a short-time frame, the pace and 
primary mission of museum activities appears relatively less attractive 
than well-constrained experiments that can state clearly what they will 
yield. Large and small museums alike are facing cutbacks, and taxono-
mists and curators are becoming extinct (Pearson, Hamilton, and Erwin 
2011). Although funding is critical in every country, the problem is acute 
in developing countries where the push to become scientifically produc-
tive has channeled most funding into initiatives with high return in terms 
of indexed papers, leaving museums and herbaria practically unfunded.

There are strong parallels between museum collections and long-
term ecological data taken in the field, in terms of practical limitations, 
potential biases, and potential benefits. One difference, however, is that 
while museum collecting began as a basic science method for cataloging 
the diversity of life, long-term monitoring developed with a more applied 
goal in mind.

Foresters and range managers started long-term ecological plots with 
the practical goal of maximizing yield, and their early attempts have 
served as the basis for long-term ecological data collection. Foresters were 
interested in understanding the dynamics of biomass in forest stands 
with and without silvicultural treatments. Thus they introduced the con-
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cept of both observing changes in natural systems and also manipulat-
ing ecological conditions. Trial plots and monitoring plots were quickly 
established across the globe, especially in countries in Europe and North 
America having a forestry tradition (Tomppo 2009). By looking mainly at 
biomass variables (e.g., diameter, height, species composition) oriented to 
increase forest productivity, foresters started to accumulate the informa-
tion needed to understand the ecology of these forests. Similarly, range 
managers interested in the effect of grazing on the productivity of pas-
tures set up exclosure plots that kept livestock away, and these yielded 
early evidence for concepts such as carrying capacity, top-down control, 
and ecological succession (Johnson and Matchett 2001). A good example 
of grazing plots that have been monitored for many years occurs in Yel-
lowstone National Park, where long-term plots have served to help ecolo-
gists understand the dynamics of herbivory, top predators, and nutrient 
cycling, as well as conservation issues such as the effect of reintroduc-
ing wolves (Verchot, Groffman, and Frank 2002). Unfortunately, just as 
museum records give only a narrow (and sometimes biased) window into 
larger and more complex data, field plots that were not intended to facili-
tate the understanding of a whole ecosystem can be limited in their utility 
today, and their results should not be scaled up without further consid-
erations of other factors that operate over larger scales (see, for example, 
Freilich et al. 2003).

All long-term monitoring and sampling programs, especially those in 
the developing world, went through periods of neglect in the twentieth 
century (Southward, Hawkins, and Burrows 1995), and they continue to 
struggle for continuous support today, not unlike the museum collections 
discussed above. In some cases, long-term records stored through natu-
ral processes, as well as historical documents, may help close the data 
gaps in time and among regions of the world. For example, to study the 
influx of invasive species in central Chile, pollen records in lakes sur-
rounded by heavy agricultural and land development may contain impor-
tant information about community composition. These records may be 
complemented with historical diaries, early botanical records, and image 
archives, all of which inform us about the species that were present in the 
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landscape at that time. The combined use of all these observational tools 
may help to uncover the dynamics of native and non-native species in the 
early Spanish settlement period (1500s – 1700s), in which information is 
very scarce due to the lack of local botanists in this era.

Networks of Observers and Observations

Some of the practical and methodological problems with long-term data 
collection can be ameliorated by relying on networks. The global charac-
teristic of ecological questions, the pressing need for rapid answers, and 
the globalization of human society have made international scientific net-
works one of the most powerful tools for research in the twenty-first cen-
tury. What do we gain by networking? Obviously, the extent and depth 
of ecology has grown exponentially in recent decades. We cannot expect 
that a single ecologist will be able to handle all the information and meth-
ods available for answering a broad question in ecology. Networks allow 
people to exchange ideas, information, and methodological tools at a speed 
unprecedented in the history of ecology. They also allow researchers to test 
their hypotheses over large spatial and temporal scales by using data col-
lected at multiple sites over variable periods of times. In other words, a 
question that could only have been tested in one single location in the past, 
with very little opportunity to scale up, can now be tested globally. We 
think that the most important networks also allow people from different 
cultural, educational, and scientific backgrounds to discuss hypothesis and 
ideas, thus breaking down institutional and intellectual barriers in ecology.

Under the Long Term Ecological Networks (LTEN) scheme conceived 
in recent decades, broad ecological questions are developed along with 
a network of sites to collect data that will help us address these ques-
tions. The power of an LTEN is in having continuous data, taken in a 
similar manner, over a large temporal and spatial scale. There are strong 
regional differences in the LTEN of the world. For example, the United 
States has both a network of long-term ecological research (LTER) sites 
and a National Ecological Observatory Network (NEON), which spent 
$80 million in planning and has nearly a half-billion-dollar operational 
budget, with aims to deploy advanced sensors and observations across 
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a network of fixed “core” sites and flexible “relocatable” sites (Tollefson 
2011). Yet LTEN have only slowly percolated to all regions, countries, 
and ecosystems, especially in less developed countries where some of 
the most important reservoirs of biodiversity are located. Groups such as 
International Long Term Ecological Research (ILTER) are trying to deal 
with these gaps by providing a “network of networks” linking the activi-
ties of monitoring networks throughout the world. Nonetheless, networks 
are still lacking in central and northern Africa, the Middle East, and much 
of Asia (www.ilternet.edu).

While networking can be applied to any single issue in ecology, some 
ecosystems, such as mountains, are particularly amenable to the network 
approach. Mountains are essentially globally replicated steep elevational 
gradients where we expect to see rapid transitions in ecological phenom-
ena; they can also be used as spatial stand-ins or proxies for temporal 
changes expected with climate warming (Pauchard et al. 2009). In 2005, a 
group of scientists started a network to understand how mountains were 
being affected by plant invasions. The Mountain Invasion Research Net-
work (MIREN) now encompasses people from 11 regions of the world (Fig-
ure 6.1). By using a common and very basic sampling protocol designed to 
use a hierarchical multi-scale approach, MIREN has illuminated patterns 
of non-native plant distributions globally. For example, Seipel et al. (2011) 
found that the hump-shaped or linear decline of non-native species rich-
ness with increasing elevation is a repeated pattern in all seven regions 
sampled, independent of the absolute elevational range studied. Further-
more, the ranges of non-native species reflect a very generalist behavior 
of these species, while native species show a much more specialized niche 
across the elevational range (Alexander et al. 2011). Using literature and 
available data sets, MIREN has found that non-native species in moun-
tains are more similar to their lowland counterparts than to those of other 
mountains (McDougall et al. 2011). More refined observational techniques 
can also be used, for example to test whether a species grows differently 
because of its genetics or environmental differences among mountain 
regions. Experimental approaches can also be integrated into this type 
of network. For example, climate change (e.g., warming) experiments 
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or translocation experiments may help to test whether native and non-
native species will be able to withstand rapid increases in temperature 
and whether they will be able to disperse upward on mountain hills (e.g., 
Alexander et al. 2011; Poll et al. 2009). 

Challenges and Opportunities in Analyzing Observational Data

Recording, collecting, and storing large amounts of data, as is being done 
in these networks, has much more value when the data are systematically 
analyzed for their ecologically relevant patterns and relationships. Some-
times making sense of data is just a matter of running simple descrip-
tive statistics (means, variances, etc.) or simple correlations (e.g., linear 
regressions) but more often large, complex data sets are too nuanced to 
be described by a simple statistic. As K. Robert Clarke and R. M. War-
wick state in the beginning of their book on detecting ecological changes, 
such statistics are “technically feasible, though rarely very informative in 
practice, given the over-condensed nature of the information utilized” 
(Clarke and Warwick 2001). As networks help close intra-planetary data 
and knowledge gaps, they will begin to generate a flood of data even as 
the still-neglected regions and questions face a data drought. Ideally, data 
analysis can cover the range from data-poor to data-rich situations, but to 
do so these tools must be flexible and adaptable.

Fortunately, one of the benefits of practicing ecology now is the great 
flexibility with which we can analyze data. This arises both because there 
are so many tools that are easily accessible and because the tools them-
selves are more flexible than the “parametric,” usually univariate, statis-
tics that dominated late-twentieth-century ecology. So-called parametric 
statistics, such as the ubiquitous analysis of variance (ANOVA) — which 
will always have an important role in detecting ecological change — none-
theless carry the baggage of several underlying assumptions that must 
be met for parametric statistics to provide accurate results. Chief among 
these assumptions is that data are pulled from a normal distribution, or 
something that can be mathematically transformed (for example, by tak-
ing the log of all the data) into something that closely approximates a nor-
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mal distribution. This is a problem for many of the data we’d like to look 
at in these days of rapid change, heavy anthropogenic impact, and high 
unpredictability. Nassim Taleb, a former stock trader writing in his book 
about unpredictability, The Black Swan (2007), shreds our assumptions 
about the prevalence of normal curves in the real world. While he con-
cedes that some things marked by physical properties with constrained 
limits, like heights of people in a population, are relatively predictable and 
tend to fall out in a normal curve, he argues that, nevertheless, the really 
interesting stuff, the complex and unpredictable phenomena, are almost 
never defined by a normal curve.

Not surprisingly, much of the ecological world falls into the “non-
normal” category, but even the things we’d expect to be normal, like the 
sizes of individual snails in a population, don’t turn out that way in an 
age of massive human impact on ecological systems. Most species’ size 
distributions for example, which may have been normal at some point, 
are now completely cut off at the right end of the curve (where you’d find 
all the large individuals if sizes were laid out on a graph). If the species 
are highly managed with minimum allowed sizes for harvesting, you’ll 
find size distributions that fall off dramatically right after the minimum 
size limit.

Non-normal curves in nature are also popping up in distributions 
that our intuition wants us to believe “should” be normally distributed, 
even in those distributions we’ve been told are perfectly normal. Part 
of Rafe’s thesis work showed that species’ distributions of abundance 
across their ranges don’t follow a normal-shaped pattern with highest 
abundances at the center of the range (Sagarin and Gaines 2002a), as was 
assumed throughout the twentieth century (Sagarin and Gaines 2002b). 
This long-standing belief has now tumbled in just a few years as dozens 
of investigators have gone out and simply observed species’ population 
distributions across their ranges and have failed to find normal curves 
(Sagarin, Gaines, and Gaylord 2006).

But rather than being debilitating, abandoning the assumption of nor-
mality can be tremendously liberating and empowering. We are faced with 
a whole new world full of very weird distributions — species that are very 
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abundant and then suddenly disappear, populations without any mature 
females, and physical conditions that switch from benign to catastrophic 
in a relative instant — to name a few non-normally distributed phenom-
ena. Fortunately, we have an abundance of tools to guide us through this 
strange, uncertain world. Many of these tools fall into the realm of “mul-
tivariate” statistics, which can handle large numbers of individual spe-
cies (or species assemblages or genes) sampled in different environments, 
and each may be associated with multiple attributes (e.g., size, concentra-
tions of toxins, parasite load) that themselves aren’t normally distributed. 
Typically, multivariate stats make some kind of similarity (or dissimilar-
ity) matrix of all the data, which calculates how much alike (or different) 
each possible pair of data in a data set are to one another and ranks them 
accordingly. The relationships in this matrix can then be visualized as a 
dendrogram (a “tree” of relationships, often used to compare genetic data, 
with close “branches” representing tight similarity between samples) or 
as clusters of similar samples spread across a space.

An advantage of these approaches is that, although they can be com-
putationally complex, they are conceptually straightforward (Clarke and 
Warwick 2001). In their highly readable guide to the complex-sounding 
multivariate technique called “non-metric multidimensional scaling,” 
Clarke and Warwick illustrate how these approaches work by creating a 
rank-ordered similarity matrix of 24 towns in the United Kingdom based 
on the distance between each pair of sites. The resulting outcome in the 
program is a field of data that looks just like a map of the UK. In more 
ecological data, multivariate statistics can show, for example, whether an 
assemblage of species changes before and after a disturbance, or if com-
munities closer to a sewage outfall are significantly different from com-
munities living in cleaner water.

Each facet of any given multivariate analysis can also likely be bro-
ken down and analyzed. Spatial statistics help ecologists quantify rela-
tionships between observations in space and can uncover hidden pat-
terns, such as the “autocorrelation function” (a measure of the distances 
at which relationships between sets of sites can be discerned), that may 
point to underlying ecological mechanisms. Time series analysis similarly 
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looks for temporal relationships, such as recurring cycles or lags between 
a causal agent and its effect. Bayesian methods, which ask whether data 
fit a set of probabilistic assumptions, have been introduced to ecologists 
(Clark 2005; Ellison 2004) and are being used to help filter large data sets, 
to directly analyze basic and applied ecological questions (Wade 2000), 
and even to ask whether animals themselves use Bayesian inference in 
their behaviors (Valone 2006). Bayesian analysis seems particularly well 
suited to the approaches we discuss in this book because it mimics the 
way keen observers face complex ecologies by developing some assumed 
probabilities about what is being observed based on past knowledge 
(these are called “prior probabilities” in Bayesian terms) and then testing 
to see how well these prior assumptions fit.

As we stated at the outset of this chapter, it’s not that these techniques 
are all brand new — some have been used by ecologists for decades — it’s 
just that the diversity of techniques seems to be exploding as the problems 
we encounter are more complex and multidisciplinary and they become 
more computationally accessible with increased computing power and 
networked sharing of techniques. Indeed, there are specialized commer-
cial software programs that can run each of these types of analyses, but 
the open-source statistical language “R” provides these analysis packages 
for free and is also continually updated with new statistical tools submit-
ted by a large community of users. The updated list of R packages for 
environmental analysis (cran.r-project.org/web/views/Environmetrics 

.html) contains dozens of such programs that can be added to the already 
powerful basic R installation.

Not all of the tools used to understand complex ecological sys-
tems require complex mathematical and computational tools. Synthetic 
approaches, such as meta-analysis, which formally and statistically 
analyzes multiple studies to generalize concepts from many individual 
small-scale experimental manipulations or individual observational 
investigations (see Harrison 2010, for a good introduction), are a way 
to build large-scale understanding out of widely dispersed data sets. A 
meta-analysis does more than simple “vote counting” of which studies 
did or did not show a significant result; it also weighs the importance 



 107

D E A L I N G  W I T H  T O O  M A N Y  O B S E R V A T I O N S ,  A N D  T O O  F E W 

of studies differently based on the sample size and design of the study 
and the congruence of results between studies. Meta-analysis was used 
in the first two comprehensive reviews of twentieth-century climate-
change effects on natural systems (Parmesan and Yohe 2003; Root et al. 
2003), which primarily used observational studies. By contrast, Bradley 
Cardinale and colleagues (2006) used meta-analysis of many experimen-
tal studies across trophic groups (e.g., herbivores, carnivores, detritivores) 
and habitats to show that declining species richness can affect ecosystem 
functioning (such as how resources are depleted), but that the exact pat-
tern of change can’t be predicted in theory. The value of this approach is 
exemplified by the success of the National Center for Ecological Analysis 
and Synthesis (NCEAS) in Santa Barbara, California, which was set up as 
a think tank for multi-investigator, multidisciplinary projects that attempt 
to derive new insight through combining and analyzing existing data sets 
and revising existing conceptual constructs. Although founded only in 
1995, NCEAS quickly rose to the top 1 percent of over 39,000 ecological 
institutions based on impact factor (Hackett et al. 2008) and has become a 
model for at least 17 new ecological institutions internationally (S. Hamp-
ton, pers. comm. to RDS).

Finally, a lot of the data that ecologists are getting now comes in the 
form of words, not numbers. These include qualitative data, but also 
semantic data that can be quantified. For example, one of Rafe’s stu-
dents, Mary Turnipseed, used a popular text-analysis program called 
NVivo to scan and analyze thousands of public comments on U.S. Presi-
dent Obama’s proposed National Oceans Policy for common attributes 
of comments that mentioned “public trust doctrine” (the subject of her 
thesis work). Combining qualitative and quantitative approaches that use 
numeric and other types of data falls into the general category of “mixed 
methods,” which has been gaining traction in ecology, as well as in public 
health, education, and financial analysis, all areas where complex realities 
produce complex data sets.

Because mixed methods invariably combine fields of knowledge and 
approaches that have been treated separately for a long time, a lot of the 
literature on mixed methods gets into epistemology — the philosophy of 
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how we know what we think we know. Epistemological questions can 
take us down a rabbit hole into deep warrens of discussions, but they are 
not completely esoteric. In fact, the way in which philosophical questions 
about what is the nature of science have been answered has held back a 
full appreciation of the validity of observational approaches, as we dis-
cuss in the next chapter.
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Questions and criticisms that arise around observational approaches boil 
down to one fundamental question: “Is this really science?” This ques-
tion could be asked of any kind of research, but because observational 
approaches have been out of the scientific mainstream for a long time, and 
because they invite so many nonscientists as well as investigators from 
the so-called soft sciences to be part of the life sciences, it is frequently 
directed at observational studies. So now that these kinds of studies are 
being integrated into science, the natural follow-up to the fundamental 
question becomes “Are observational approaches scientific?”

There is not just one answer to the question “What is science?” and 
this means that a number of different philosophies of science have arisen 
over the years, some more influential than others. Just as the techniques 
and goals of ecological science are changing, so too will its underlying 
philosophies. In this chapter, we briefly discuss the most influential scien-
tific philosophies of the last century, particularly falsification and “strong 
inference.” These philosophies complement the experimental approach to 
ecology well, but they are sometimes difficult to reconcile with observa-
tional approaches. It is because of this mismatch that some have argued 
that observational approaches are not scientific.

We live in a very different ecological world from even a few decades 
ago and observational approaches are more powerful than ever before. 

Is Observation-Based Ecology 
Scientific?

C H A P T E R  7

 R. Sagarin and A. Pauchard, Observation and Ecology: Broadening the Scope of Science 
to Understand a Complex World, DOI 10.5822/978-1-61091-230-3_7, 
© 2012 Rafe Sagarin and Aníbal Pauchard 
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We suggest that we live in an era when the underlying philosophy of sci-
ence can expand to be more inclusive of observation-based studies while 
still justifying experimental and theoretical methods as well. Fortunately 
for us (because neither of us is a philosopher), other philosophers of sci-
ence, both past and present, have made this realization and have put forth 
several variations of more-inclusive ecological philosophies, which we 
adopt here.

Early ecology proceeded by building the observational work of nat-
uralists into theories that were tested against further observations. The 
philosophical match to this approach is found in early-twentieth century 
ideas of the “logical positivists,” who believed that scientific theories 
could be tested by verifying them against observable phenomena. This 
was an inductive approach that built understanding from layering differ-
ent levels of evidence until a theory was confirmed.

But the mid-twentieth-century science philosopher Karl Popper felt 
that inductive reasoning could too easily fall victim to pseudoscience. He 
espoused a philosophy that drew a clear and impenetrable line between 
what was science and what wasn’t science. In contrast to the logical posi-
tivists, Popper argued that science is defined not by what can be proven or 
verified, but by statements that can be disproven, or falsified. Therefore, 
a conclusion such as “the Earth was created by a giant invisible octopus” 
is not scientific because no other explanation was falsified to arrive at this 
conclusion. Moreover, it is difficult to conceive of any test that has the 
ability to disprove this kind of conclusion. However, you can use science 
to test (and possibly falsify) a conclusion such as “the Earth is 6,000 years 
old,” because we now have various methods for accurately dating rock 
strata and fossils and they have repeatedly yielded results indicating that 
Earth history must be measured in billions of years, not thousands. In this 
case, the conclusion would be updated by a scientist as “the Earth is bil-
lions of years old,” a statement that both reflects our current understand-
ing, yet is still falsifiable. Science is the process of making a statement and 
having a means to falsify that statement, according to a Popperian view.

Popper’s philosophy was timely. As we discussed in Chapter 2, the 
rise of molecular biology, which provided precise, repeatable conclu-
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sions, put pressure on ecologists to develop more-rigorous approaches 
to achieving ecological understanding. Popper’s standard of falsification 
offered one way to ensure that ecological studies reached the same ideal-
ized scientific standard as physics and molecular biology. But in order to 
be widely accepted in the ecological community of practice it needed to be 
more than just a philosophical argument (Buck 1975).

The Strengths and Weaknesses of Strong Inference

Against this background, John Platt’s “Strong Inference” paper in Science 
(Platt 1964) provided a practical mechanism for applying Popperian fal-
sification to biological sciences. The strong inference approach involves 
developing multiple falsifiable hypotheses that can be tested, pairwise, 
against one another until one most likely explanation remains at the end, 
and such tests can be repeated by different investigators to ensure the 
validity of the result. Platt gives an all-or-nothing quality to strong infer-
ence, suggesting that it is “the method of science and always has been” 
(Platt 1964, p. 347). Critically, in terms of the paper’s influence, Platt 
pitched his approach in tantalizing terms, suggesting that strong infer-
ence was the pathway to make all of biology more like molecular biology: 
“I believe we may see the molecular-biology phenomenon repeated over 
and over again, with order-of-magnitude increases in the rate of scientific 
understanding in almost every field” (Platt 1964, p. 352).

There is no doubt that “Strong Inference” touched a nerve. The article 
has been cited over 1,000 times by other scientific articles in ecology and 
in fields well beyond ecology, such as psychology, medicine, and econom-
ics. Many of these papers cite “Strong Inference” to justify the research 
approach they use. Others use the paper to rally their colleagues to adopt 
the strong inference approach in their own field. The strong inference 
approach is also reinforced from the most elementary level of science stu-
dents all the way to practicing scientists. When the “scientific method” is 
taught to students, it usually takes the form of a strong inference approach. 
Papers by prominent ecologists have called approaches that don’t strictly 
subscribe to the strong inference method “simple” and “seductive” (Sim-
berloff 1983), even “weak” and “soft” (Elner and Vadas 1990). Proposals to 
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the National Science Foundation (NSF), even those to support long-term 
research, are implicitly expected to follow a strong inference approach 
where the hypotheses, and expected tests of those hypotheses, are stated 
up front.

This leads to a paradox and to perverse incentives among practicing 
ecologists. We need funding to go out and find interesting things in the 
environment at the large scales in which environmental change is hap-
pening, but we need to create hypotheses to justify the funding even 
though the truly interesting hypotheses can’t emerge until after we’ve 
looked at a system broadly for patterns that warrant further investigation. 
As a result, we are forced to state hypotheses that we know to be trivial, 
or else we risk grant rejection under the criticism that the proposed work 
is “merely exploratory” or a “fishing expedition.” As Jacob Weiner has 
asked, “How many ecologists write their grant proposals and papers in 
terms of hypotheses and tests retrospectively, even though the work was 
not conceived in this way?” (Weiner 1995).

This is potentially more of a problem than simply “going along to get 
along”; psychologists have found that scientists who state predetermined 
hypotheses tend to “satisfice” — that is, make subtle changes to their data 
interpretations to better fit their predetermined hypotheses (Garst et al. 
2002). Even before we had psychological tests and jargon to name this 
phenomena, early ecologists like Ed Ricketts recognized the potential for 
bias to arise when an investigator started with a hypothesis about “why” 
something exists, rather than starting with observations of it. He argued 
that this led to a “wish fulfillment delusion,” noting,

When a person asks “Why?” in anything, he usually deeply expects, 
and in any case receives, only a relational answer in place of the 
definitive “Because” which he thinks he wants. But he customar-
ily accepts the actually relational answer as a definitive “because.” 
(Ricketts 2006)

In other words, even if we get only a partial answer, we assume it is a 
complete answer if it tends to match our preconceived notions.

In this context, we can mechanistically dissect on our initial concerns 
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about bias that we raised in Chapter 3. Here we suggest that biases that 
have been deeply embedded in scientists through cognitive processes and 
through their experiences and cultural backgrounds may be amplified 
in a framework where only limited options for further exploration are 
provided. In Field Notes on Science and Nature, a beautiful new book on 
the science and art of field notes, contributor George Schaller argues that 
even the act of observing can be biased if we try to constrain it into pre-
conceived categories. He reports that he is careful not to rely solely on 
pre-made checklists for his field notes because “an important detail may 
be ignored or considered irrelevant and discarded because it lacks a dis-
crete category on the list. It is often an anecdotal event that offers special 
insight” (Schaller 2011). The argument of Schaller and Ricketts and the 
psychologists writing about “satisficing” isn’t about eliminating all bias, 
but rather that predetermining what you are looking for (those data that 
fit or do not fit a particular hypothesis) is likely to increase a tendency 
toward whatever the observer is already biased toward.

A number of other practical, statistical, and logical flaws to the strong 
inference approach have been well documented (Lawson 2010; Holling 
and Allen 2002; Pigliucci 2002; Dayton and Sala 2001; Beyers 1998; Weiner 
1995; Francis and Hare 1994; Wenner 1989; Quinn and Dunham 1983). 
Strong inference relies on testing a continually dividing tree of binary 
hypotheses, but many ecological phenomena occur across a continuum 
(O’Donohue and Buchanan 2001). Ecological questions often can’t be 
reduced to “reject” or “do not reject” a hypothesis. For example, in toxicol-
ogy studies the question is almost never “Is this substance toxic or not?” 
but “How much of this substance is toxic, and under what conditions?” 
Moreover, as we’ve argued throughout this book, many ecological phe-
nomena of interest cannot be manipulated in a framework amenable to 
strong inference. They often cannot be replicated or randomly assigned to 
treatments in the manner of a well-crafted experimental hypothesis (Hil-
born and Ludwig 1993). Conducting multiple tests of multiple hypoth-
eses of interest isn’t possible when the question is, for example, “How will 
the Fukushima nuclear disaster affect coastal ecological communities in 
Japan?” In many cases the kind of randomized approach favored by stat-
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isticians to alleviate potential bias in planned experiments is impossible 
to achieve. As Ray Hilborn and Donald Ludwig wryly noted of the eco-
logical effects of the Exxon Valdez oil spill, “Oil did not strike at random” 
(Hilborn and Ludwig 1993, p. 551). Ultimately, some of the most important 
ecological questions can’t be answered with data that can be forced into a 
strong inference approach.

Another problem with applying the strong inference approach “for-
mally and explicitly and regularly,” as Platt urges us to do, is that many 
of the most important discoveries in science occurred serendipitously, 
as unexpected findings in a data set or from accidents in a procedure 
(O’Donohue 2001) or even from physical accidents resulting in near-death 
experiences, as Ricardo Rozzi recounts in Box 7.1. Scientists will often 
make testable hypotheses out of these findings — for example, when a 
large decline in zooplankton was found unexpectedly in the California 
Cooperative Oceanic Fisheries Investigation (CalCOFI) data set (which 
was designed to track sardine populations), other scientists then hypoth-
esized that they would find concomitant declines in seabird populations 
(Ainley et al. 1995). Finally, William O’Donohue and Jeffrey Buchanan also 
suggest that strong inference is a problematic set of guidelines for science 
precisely because it is a set of guidelines. They point out that some of the 
most important advances in science, such as the Copernican revolution, 
occurred because scientists broke the accepted rules of the day about how 
to do science. The observational approaches we discuss here aren’t exactly 
the work of rule-breaking revolutionaries, but rather of rule-broadening 
pioneers. They don’t require us to reject any approaches to science, but 
rather to expand those methods that, under the right circumstances, may 
be considered scientific. 

Critiques of strong inference haven’t necessarily taken hold in the 
mainstream of science, in part because Popper and Platt’s ideas of what 
science “should be” actually fit perfectly well with an experimental 
approach. Almost by definition, a well-designed experiment tests mul-
tiple predetermined and falsifiable hypotheses in a stepwise fashion. 
Many ecologists who have developed widely accepted paradigms based 
on experimental approaches may consider it axiomatic that experimen-



BOX 7.1

Changing Lenses to Observe, Conserve, and Co-Inhabit with 

Biodiversity: Serendipity at the Southern End of the Americas

RICARDO ROZ ZI

In March 2000, I embarked on an expedition to the Cape Horn Islands at the 

southern end of the Americas, guiding a group of bryologists led by Bernard Gof-

finet in the search of Splachaneceae or “dung” mosses that grow on the bones 

of whales beached at the margins of peatlands and bogs. After surviving several 

storms while navigating in a tiny fishing boat, we frantically initiated the search 

for the mosses on Navarino Island. While jumping over the bogs, I became sepa-

rated from the group and fell into a peat bog. I started to sink, sure that this 

would be a quiet, natural death. While sinking, I observed the astonishing diver-

sity of mosses around the pond, and I thought, “If I am a biologist and do not 

have knowledge of this diversity of plants, what about the decision makers and 

teachers in Chile?” Some years earlier, I had participated in committees charged 

with identifying priority sites for conservation in Chile and Latin America, which 

were based only on vertebrates and vascular plants. In accordance with that 

framework, the Magellanic sub-Antarctic ecoregión was classified as unknown or 

of low priority for conservation.

Fortunately, Bernard and the team found me in the swamp after a couple 

of hours, just before I completely disappeared. I survived the episode, but the 

image of the exuberant diversity of mosses became fixed in my mind. I began 

a systematic bibliographic review of the bryophytes in Chile and complemented 

those results with floristic inventories initiated with Bernard, William Buck, and 

other bryologists in Cape Horn, and eureka: we discovered that the Magellanic 

sub-Antarctic ecoregión constitutes a world hotspot of mosses and liverworts 

diversity!

In less than 0.01 percent of the planet’s terrestrial surface we find more than 

5 percent of the bryophyte species known to science. In the austral ecoregión 

mosses and liverworts are more speciose than vascular plants, contrasting with 

the ratios of vascular/nonvascular plants found in lower latitudes (Rozzi et al. 

2008). This discovery stimulated us to propose a “change of lenses” to observe 

biodiversity: to assess high-latitude floristic diversity, we should not base inven-

tories merely on vascular plants, but also include the nonvascular ones. Rather 

than a narrow set of global indicator groups, ecoregional- or biome-specific indi-

cator groups are needed for effective assessments of biodiversity.

The “change of lenses” had implications not only for observing biodiversity 



but also for conserving it. The high diversity of sub-Antarctic bryophytes 

was one of the central arguments for the creation of the UNESCO Cape Horn 

Biosphere Reserve in 2005. This largest biosphere reserve in southern South 

America was created based on organisms that, up until now, had rarely been 

perceived and valued in the region, the country, and the worldwide conservation 

community.

Finally, the “change of lenses” to observe and conserve biodiversity led us 

to an ethical change to co-inhabit with the sub-Antarctic biodiversity. Together 

with children at the local school in Cape Horn, we composed the metaphor: 

“miniature forests of Cape Horn,” through which mosses, liverworts, lichens, 

insects, and other organisms were perceived as co-inhabitants rather than mere 

“natural resources.” Children observed the mosses’ reproduction, growth, and 

ecological interactions while lying and breathing close to them. Through these 

observations they cultivated a sentiment of empathy realizing, in their words, that 

“we — humans — also breathe, reproduce, grow, and interact with other organisms.” 

Through observation and direct “face-to-face” encounters with mosses in their 

native habitats, children (and researchers) understood both the intrinsic and 

instrumental values of mosses; the latter based on gaining an understanding 

about the role that mosses play in the regulation of water flow and quality in the 

sub-Antarctic watersheds.

These field experiences, in turn, stimulated the invention of “ecotourism with 

a hand lens,” an activity triggered by the appreciation of the beauty, diversity, and 

socio-ecological relevance of this little flora that usually remains under-perceived 

by citizens, teachers, and decision makers. Ecotourism with a hand lens has 

attracted growing interest from tourists, who are arriving in the area in rapidly 

rising numbers. In collaboration with the children, graduate students from the 

Universidad de Magallanes, Francisca Massardo, and other researchers, as well 

as regional authorities, teachers, artists, engineers, architects, and other profes-

sionals, we decided to create the “Garden of Miniature Forests of Cape Horn” to 

implement the novel ecotourism activity, and to promote the conservation of the 

sub-Antarctic bryoflora at the Omora Ethnobotanical Park. The building of the gar-

den and interpretive trails helped to show that to conserve and learn sustainable 

forms of co-inhabitation it is not enough to change our conceptual lenses, but it 

is also necessary to implement areas for conservation and to conduct practices 

of observation in the field.

In this way, a transformative field experience of observation triggered a 

sequence of changing lenses to (1) assess, (2) conserve, and (3) cultivate an 

environmental ethic of co-inhabitation with biodiversity.
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tal approaches are necessary in order to understand ecological systems. 
Robert Paine, whose extensive experimental work on the intertidal zone 
of Tatoosh Island, Washington, in the northwestern United States laid the 
groundwork for the widespread concept of “keystone predation,” recently 
argued, “Whatever the reasons for the success of microecology, the evi-
dence clearly indicates that continued attention to small-scale experiments 
and functional roles holds the greatest promise for managing our world 
for a sustainable future” (Paine 2010). Daniel Simberloff, who conducted 
some of the classic experimental work on island biogeography theory, 
considered the truly valuable ecological work to be that which contains 
“an unequivocally falsifiable hypothesis and a system sufficiently simpli-
fied, by whatever means, to allow an unambiguous test of the hypothesis” 
(Simberloff 1983).

Why Observational Science Isn’t Considered Science

Even when the observational approach is acknowledged, it is often 
assigned second-rate status. In a paper by 16 ecologists resulting from 
a National Science Foundation – sponsored workshop to determine the 
future funding priorities for population and community ecology, the 
authors noted that “although experimental approaches will always be 
required to demonstrate mechanisms underlying ecological phenomena, 
observational studies complement and expand on what can reasonably 
be studied in an experimental context” (Agrawal et al. 2007). In other 
words, there is a sense that experiments should take primacy in ecologi-
cal study (to be “complemented” by observation). Additionally, there is a 
tightly held belief that only experiments can unearth underlying ecologi-
cal mechanisms (Paine 2010; Simberloff 2004).

The belief in the ability of experiments alone to uncover mechanisms 
in turn is built upon four common criticisms of observational approaches, 
which argue that: (1) observation-based studies find patterns, but pat-
terns can’t be used to infer process; (2) observation-based studies rely on 
the flawed approach of induction, rather than the more precise deductive 
approach, to reach conclusions; (3) they are just a collection of unrepli-
cated anecdotes; and (4) they rely too much on correlations between vari-
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ables. Here we address these criticisms in turn and then return to the 
question of developing a more inclusive framework for reaching ecologi-
cal understanding in which observational, experimental, and theoretical 
approaches can work harmoniously, creating synergism among them.

First, it is true that most observational studies collect, or borrow, lots 
of data and look for patterns in the data. Weiner and many other ecolo-
gists, in fact, consider pattern finding to be the primary role of an ecologist 
(Weiner 1995), but there is also a strongly held belief among other ecolo-
gists that such pattern finding must be accompanied by manipulations to 
get at the underlying mechanisms. There are good reasons to be cautious 
about inferring a process from a pattern — any observed pattern could be 
the result of multiple different causal factors (McIntire and Fajardo 2009). 
But making sure that you are not ascribing causation to the wrong fac-
tor is really a challenge common to all forms of ecological, and scientific, 
understanding.

Given enough data and the right analytic methods, it is possible to 
link causal factors to patterns and even to test hypotheses based on pat-
tern data alone. Eliot McIntire and Alex Fajardo recently argued that “the 
connection between space and process is in a period of rebuilding after 
being rejected by numerous authors over the past 50 years” (McIntire and 
Fajardo 2009). The authors suggested that many of the critiques of pat-
tern analysis are based on incomplete or outdated analyses that can now 
be improved with new statistical models that are, in turn, made avail-
able by better computing technology. McIntire and Fajardo recommend 
a method of hypothesis testing using spatial patterns as a surrogate for 
time or other ecological factors that are difficult to manipulate. In their 
own research and that of others they cite, they develop models of dif-
ferent expected patterns based on contrasting ecological processes (e.g., 
competition between trees will show one pattern, whereas microsite vari-
ability will result in another pattern), and then they test which model 
most closely fits the observed patterns. Likewise, Erica Fleishman and 
colleagues show us in Box 7.2 how they used observations of bird distri-
butions to test and refine models of theoretical species distribution pat-
terns. Ultimately, these authors remind us that we shouldn’t confuse bio-
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logically impenetrable patterns — those things that are just naturally too 
complex for us to understand completely — with analytically impenetrable 
patterns, which are just problems waiting for different, or better, ways of 
examining them. 

A second source of skepticism regarding observation-based studies is 
that many take what seems to be an inductive approach to achieve under-
standing. That is, they build up layers of data to put together a plausible 
narrative to explain an ecological phenomenon. Inductive inference is 
often argued to be weak, as illustrated by the “black swan” metaphor. The 
idea is that if you lived in Europe before Western naturalists had been to 
Australia and you observed swans for years and years you would still 
only see white ones. You might then inductively come to a belief about 
swans such as this: “Every swan I have observed is white, therefore all 
swans are white.” But when explorers set foot in Australia and found 
black swans, they could instantly falsify the notion of all swans being 
white — a clear victory in terms of efficiency and accuracy of the deductive 
approach over the inductive (Taleb 2007).

In reality, this is a philosophers’ game. A real naturalist, a real ecolo-
gist, or any real scientist doesn’t think like this at all. If you discovered a 
flock of a new species of bird on a remote island and they were all blue, 
you would duly note it and suggest that blue was their identifying color, 
along with numerous other physical and behavioral characteristics that 
you carefully recorded. If a red one suddenly showed up a week after you 
published a detailed monograph on the species, it might be a bit embar-
rassing, but it wouldn’t be a devastating refutation of your core beliefs 
or even a reflection of your inadequacies as a scientist, but simply a new 
observation providing more data about a curious phenomenon. All good 
scientists do well to remember that their theories and ideas are subject to 
refutation at any time. Only if the goal of science was to search for abso-
lute truth would the “black swan problem” be a real problem. In fact, the 
extreme complexity of ecological systems will always surprise us whether 
we use observational, experimental, or modeling approaches.

Another problem with singling out induction for criticism is that it 
is actually everywhere in scientific reasoning, and in fact, most reason-
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ing that is assumed to be wholly deductive is actually only possible amid 
a matrix of observational and inductive approaches. Sir Arthur Conan 
Doyle’s Sherlock Holmes character, for example, is commonly invoked as a 
model of the power of deductive thinking to solve complex problems. But 
in order to get to the point of making a few shrewd deductive tests to fin-
ger the culprit, Holmes actually relies on his own long history of observa-

BOX 7.2

Models of Species Distributions Based on Observational Data

ERICA FLE ISHMAN, BRE T T G .  D ICKSON, STE VEN S .  SE SNIE ,  AND  

DAVID S .  DOBKIN

The persistence of most animal populations varies in part as a function of the 

amount and configuration of their habitats. We define habitat as the abiotic and 

biotic resources and conditions that facilitate occupancy and persistence of a 

given organism (Hall, Krausman, and Morrison 1997) and as spatially and tempo-

rally explicit, with multiple attributes that can be modeled, mapped, and related 

to species occupancy across large extents (Fretwell 1972).

Statistical models are the fundamental inferential tools used to estimate 

quantitative relationships between animals and their habitat. Among the models 

that have become popular for inference across large areas are maximum entropy 

(Phillips, Anderson, and Schapire 2006), genetic algorithm for rule-set predic-

tion (Stockwell and Peters 1999), and ecological niche factor analysis (Hirzel et 

al. 2002). Statistical models are most likely to be accurate if they incorporate 

robust measures of occupancy determined from field surveys. Occupancy can be 

defined as the expected probability that a given site is occupied by the species 

(MacKenzie et al. 2006). Whether a species is recorded as present or absent in 

a given location is affected by the probability of detecting the species at a given 

site if it is present. Assuming a species always will be detected when present can 

result in unreliable inference (MacKenzie et al. 2005).

We illustrate these points with our models of habitat and occupancy of two 

species of breeding birds in the central Great Basin (Lander, Nye, and Eureka 

Counties, Nevada), MacGillivray’s Warbler (Oporornis tolmiei) and Spotted Towhee 

(Pipilo maculatus) (Dickson et al. In Press; Dickson et al. 2009). Data on presence 
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tion of crime scenes and criminals, which has given him skills not unlike 
the well-practiced ecological observers we discussed earlier in the book.

In the real world, a scientist very quickly, and largely subconsciously, 
eliminates a large number of possible factors, based on her own or others’ 
observations. What scientists and detectives actually do is not to induce 
or deduce knowledge dryly and logically, but slyly to “kidnap” ideas from 

and absence of birds came from five years of field surveys. We estimated occu-

pancy, weighted by detection probability, as a function of vegetation structure and 

composition, which were measured in the immediate vicinity of survey points, and 

topography and land cover, which were derived from remotely sensed data.

Accounting for detection probability, our estimates of occupancy for Mac-

Gillivray’s Warbler and Spotted Towhee, respectively, were 18 percent and 30 

percent higher than the naïve estimates. The better-supported models of occu-

pancy (on the basis of model selection criteria) of MacGillivray’s Warbler always 

included the proportion of deciduous shrubs (derived from high-resolution digi-

tal aerial photographs), whereas the better-supported models of occupancy of 

Spotted Towhee always included the frequency of shrubs (ground data). Indeed, 

for MacGillivray’s Warbler, the habitat-based model of occupancy with the least 

support was the same as the model of Spotted Towhee occupancy with the most 

support. Without observational data, we would not have known that two super-

ficially similar species (insectivorous, shrub-nesting, passerine birds) occurring 

in the same area (e.g., at survey points or canyons) perceive habitat differently.

Site-level variables measured in the field are rarely included in spatially 

explicit models of habitat quality, but can increase the accuracy of those models. 

However, elements of habitat to which animals respond strongly, such as vegeta-

tion structure and composition, may not be well discriminated at the spatial, tem-

poral, or spectral resolution of commonly used remote-sensing systems. Thus, 

models of habitat quality may not adequately represent animal-habitat relation-

ships when only remotely sensed or when digital data layers are used to build 

them, and especially when remote data are not validated in the field. Model pro-

jections that are inaccurate or highly uncertain cannot reliably inform manage-

ment decisions.
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the past — either their own subconscious memories, or the collective mem-
ories of past research — and use them to advance new ideas. Thus the term 
“abduction” has been used to describe the process of (apparently) sponta-
neously generating hypotheses based on initial observations. The process 
of abduction is about creating new ideas and explaining observations by 
making analogies to past knowledge, like Darwin writing about selective 
animal breeding to help explain his theory of natural selection (Lawson 
2010). Again, the complexity of ecological systems (and the humans who 
study them) makes it inadvisable to wholly subscribe to a single philoso-
phy in order to attain ecological understanding.

A third common critique of observational approaches is that they 
are only “just-so stories” (referring to Rudyard Kipling’s children’s tales, 
which recount the most absurdly nonscientific origins of various ani-
mals). In scientific circles, the terms narrative, anecdote, and story are gen-
erally used dismissively to describe data or studies that somehow fail to 
clear a usually unstated hurdle barring them from the realm of scientific 
legitimacy. In lectures and in scientific conferences you will often hear 
a researcher presenting some fascinating new observations defensively 
provide the caveat, “Of course, these data are largely anecdotal.” There 
are good reasons for some of these concerns. Storytellers can be inaccu-
rate or deliberately deceitful, scientists carry their own biases that may 
cause them to select some stories over others, and sometimes stories are 
so entertaining that we want them to be true and are slow to reject them 
in the face of contrary evidence.

Yet in both the real sense of stories passed down through generations 
that provide ecological evidence (see Chapter 5) and the figurative sense 
of data that appear story-like, stories are an essential part of ecology (Cle-
land 2002; Francis and Hare 1994). Janet Gardner and colleagues note that 
ecological stories reflect the creative aspect of hypothesis formulation, but 
what makes these stories or narratives scientific is that they are subject to 
change pending further observations (Gardner et al. 2007). As Paul Grob-
stein notes, science “is a continual and recursive process of story testing” 
(Grobstein 2005). Even the most carefully controlled experiments are built 
around a story and have a story to tell.



 123

I S  O B S E R V A T I O N - B A S E D  E C O L O G Y  S C I E N T I F I C ?

In this view, science isn’t about removing all personal traces from 
the scientific method in an attempt to eliminate subjectivity and be com-
pletely unbiased. But instead of an impossible quest for a “view from 
nowhere,” Grobstein advocates a “view from everywhere” that uses the 
greatest amount of data from the widest range of perspectives to create 
a robust scientific story (Grobstein 2005). This “view from everywhere” 
is more achievable than at any previous point in history because of new 
observational technology, along with the wider acceptance of social sci-
ence methodologies in ecology, but at least some of its roots arise from 
an early-twentieth-century collaboration between an ecologist and a 
story teller. The ecologist, Ed Ricketts, and the storyteller, John Steinbeck, 
together sought to describe what they called the “toto-picture” of social 
and ecological relationships, even as scientists around them were becom-
ing ever more reductionist in their investigations. Ricketts and Steinbeck 
explicitly recognized their own role as humans in shaping their investi-
gations. At the outset of their famous 1940 ecological expedition to study 
the Sea of Cortez, or Gulf of California, they noted, “Let us go into the 
Sea of Cortez, realizing that we become forever a part of it . . . that the 
rocks we turn over in a tide pool, make us truly and permanently a factor 
in the ecology of the region” (Steinbeck and Ricketts 1941). This kind of 
acknowledgment, Grobstein argues, is essential in reducing the subjectiv-
ity and turning storytelling into a scientific practice.

Many ecological stories built from observations rely on correlating 
variables with one another, and this is the focus of a fourth common cri-
tique. An example of a correlative study would be interviews with older 
fishermen that reveal certain years where they remember exceptionally 
poor fishing, and these might be compared to warm years recorded in 
the temperature logs taken by ships in the region, and the correlation 
between the two records might be argued to reveal patterns of past El 
Niño events. Scientists almost reflexively announce that “correlation does 
not indicate causation” when responding to this kind of study, but is this 
still true in the current era, now that we have far more observational data 
than ever before?

There are good reasons to be skeptical of correlations. Misinterpreted 
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correlations can have far-reaching consequences. A perceived correlation 
between vaccines and autism in children — later shown to be unfounded — 

has spawned a large movement against vaccinating children, even though 
the benefits of vaccination to individuals and society far outweigh the 
potential risks. Moreover, almost any two variables can be correlated. A 
tongue-in-cheek graph showing a tight correlation between “Number of 
Pirates vs. Average Global Temperature” was widely distributed on the 
Internet. It even ended up on the websites of climate-change deniers, who 
used it to argue that any correlation between temperature and another 
factor (such as greenhouse-gas concentration in the atmosphere) is likely 
to be spurious.

But even in the halls of serious science, if you go to enough seminars 
on ecology you will inevitably see the presentation of correlational data 
that the author claims have a “significant” relationship in a regression 
analysis, but that look like a bunch of scattered points with a line drawn 
through them. Part of the problem is that the statistical tests typically used 
for correlation tests are not very conservative, meaning that you may get a 
statistically significant result, even if the underlying relationship doesn’t 
mean much in nature. An amusing exchange of figures in the esteemed 
journal Science, highlighted by several authors on the scientific method as 
a warning against unquestioningly accepting regression results, occurred 
when Entomologist David Roubik (Roubik 1978) published the following 
graph showing the relationship between the number of stingless bees and 
Africanized bees in a 1978 Science paper (Fig. 7.1).

To which Robert Hazen published a succint response: “The rather 
fanciful curve fitting of Roubik has prompted me to propose an alterna-
tive interpretation of his data,” which was accompanied by the following 
modified figure (Fig. 7.2) (Hazen 1978). 

In his defense (he seemed to take the “stinging” critique in good 
stride), Roubik admitted that perhaps a computer should be used in curve 
fitting, but we are now learning that this can actually make the problem 
worse, as the most basic computer programs can fit a curve to your data 
with a single click, but these curves may be no more meaningful than the 
flight of the bee through Roubik’s data.



Figure 7.1

Adapted from Roubik’s plotted relationship between 
stingless bees and Africanized bees.

Figure 7.2

Adapted from Hazen’s alternate interpretation of 
Roubik’s data.
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Nonetheless, it is simply not true that correlated data cannot lead you 
to the mechanisms underlying a given phenomenon. The trick is that with 
multiple layers of data it is sometimes possible to ascribe causation to a set 
of correlations. The story of the massive K-T extinction event that brought 
the end of the dinosaurs is an especially elegant example of correlating 
many variables to determine the mechanism — a large asteroid impact 
and associated global cooling — that brought the demise. Here a highly 
interdisciplinary team that included Nobel Prize – winning physicist Luis 
Alvarez and his geologist son Walter correlated stratigraphic data, fossil 
data, and chemical data — most notably a thin layer of the rare element 
iridium found at the same level in multiple strata around the world — 

to test multiple hypotheses related to the extinction event (Alvarez et al. 
1980). In keeping with our contention that observational studies often lead 
to serendipitous results, the Alvarezes were not even looking for evidence 
of the K-T extinction when they started, but rather trying to develop a geo-
logical clock (based on the deposition rate of rare elements like iridium) 
to time sedimentation rates (Alvarez and Asaro 1990). Their work is all 
the more remarkable because they did not at the time have the “smok-
ing gun” of a known impact crater large enough to be associated with 
the events they inferred. That crater would be found 10 years later, deep 
below the surface of the Yucatan peninsula, using previously unavailable 
observational technology. Correlation may not always imply causation, 
but in this case the correlations seem to have been strong enough to wipe 
out the dinosaurs!

Integrating Observations and Other Means of Achieving 
Scientific Understanding

The dismissal of observational approaches in ecology as a valid scien-
tific tool has percolated into research-funding agencies, journals, and 
academia in general. This may have limited the search for novel and cre-
ative ways to help us understand ecological systems, and it diminishes 
the importance of past and current knowledge based on observations. A 
“system sufficiently simplified” is increasingly difficult to justify when 
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we need to understand the dynamics of complex natural systems that are 
intricately tied to complex human behaviors.

But nor can observational studies get us to this understanding alone. 
As James Quinn and Arthur Dunham conclude in their much-cited cri-
tique of formal hypothesis testing, “Healthy skepticism toward a single 
methodological model seems thoroughly as appropriate as toward any 
other claim of scientific truth” (Quinn and Dunham 1983). Likewise, Rob-
ert Vadas Jr., using the story of a scientific controversy over the meaning 
of so-called honey-bee foraging dances as a lesson, argues that a mixed 
approach in which both verification and falsification are used is neces-
sary to reach conclusions in complex ecological systems (Vadas 1994). And 
although we’ve used Popper’s most noted philosophy as a straw man, we 
have to acknowledge that he himself actually advocated a pluralistic view 
that wasn’t bound by past dogma or traditional approaches (Walker 2010). 
In other words, just as scientists should question any scientific conclu-
sion, we should also question any methodology. Maintaining this ever-
questioning attitude is likely to go much further to ensure that a given 
ecological study brings us closer to understanding than any prescribed 
method of how to do science.

Fortunately, both long-deceased and contemporary scientist-
philosophers have elaborated viewpoints and methodologies that are 
inclusive of the wide range of approaches needed to deal with today’s 
complex social ecological systems. The brief survey of these works that 
follows gives the sense that there are many ways, philosophical and prac-
tical, to reconcile reductionist and holistic viewpoints as well as experi-
mental and observational methods.

Steward Pickett and colleagues’ “Ecological Understanding” (Pick-
ett, Jones, and Kolasa 2007) presents a readable ecological philosophy for 
the twenty-first century that explicitly acknowledges the balance needed 
between hypothesis-driven experimental research and speculative obser-
vations. Methods for putting these inclusive philosophies into practice are 
also emerging throughout the sciences. Glenn Suter and others advocate 
a “weight of evidence” approach toward determining causation, which 
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has appeared in various forms in epidemiology and in environmental 
impact studies (Beyers 1998), both fields where controlled experiments 
and strictly falsifiable hypotheses are difficult. In this approach, multiple 
lines of observed evidence are integrated and weighed against one another 
based on previous studies and knowledge of the system. The “weight of 
evidence” approach is amenable to studies that combine observational and 
experimental approaches as well as observational studies on their own. 
As Suter describes it, “confidence about causation is obtained by finding 
concordance of observational results with the results of controlled studies 
and consistency among observational results at different sites” (Suter 1996, 
p. 344). Although Suter concedes that this approach will appear less objec-
tive than strictly deductive hypothesis testing, he suggests it is more likely 
to be correct because it uses a much wider range of data.

C. S. Holling and Craig Allen advocate a cyclical process of pat-
tern finding and tests to determine causes of the patterns, which they 
call “adaptive inference.” “Adaptive inference,” they write, “relies on the 
exuberant invention of multiple, competing hypotheses followed by the 
assessment of carefully constructed comparative data to explore the logi-
cal consequences of each” (Holling and Allen 2002). Along the same lines, 
Judi Hewitt and colleagues proposed an approach integrating observa-
tional and experimental manipulations, beginning with observational 
natural history to identify the likely scale of the problem, potential causal 
variables, and feedbacks. Depending on the scale and complexity of the 
problem, experimental manipulations are either built into a large-scale 
observational/correlational framework or applied in an alternating fash-
ion with correlational studies, with each type of study providing informa-
tion to better focus the next iteration of the other (Hewitt et al. 2007).

There are good examples emerging of studies that integrate obser-
vational and experimental approaches. Using the example of a reed 
invasion into farmed salt hay fields, David Bart (2006) showed that local 
ecological knowledge — which often provides excellent historical obser-
vational insights but little power to resolve causal mechanisms — could 
be strengthened with experimental manipulations. Joanna Norkko and 
colleagues (2006) showed that integrating physiological indicators honed 
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in controlled laboratory experiments with broad population sampling 
across ecological gradients can elucidate linkages between mechanisms 
and ecological patterns and address questions such as “What is the cause 
of a species range limit?” and “How will this species respond to climate 
warming?” Some experimental manipulations have now been carried out 
for a long-enough period of time to be combined usefully with observa-
tional data in order to resolve complex hypotheses such as the relative 
role of natural versus artificial selection (size-selective harvesting due to 
fishing) in driving evolutionary change in fish (Coltman 2008; Coltman 
et al. 2003).

Although there has been a recent concentration of arguments for 
more-inclusive forms of scientific inference, the ideas underlying them are 
not modern inventions. Science philosopher and evolutionary biologist 
Massimo Pigliucci notes that the nineteenth-century philosopher William 
Whewell used the term “Consilience of Induction” to describe a process 
by which layers of different evidence taken from a wide range of view-
points point toward a similar answer, as in the Alvarezes’ K-T extinction 
study (Pigliucci 2002). Rather, we are seeing a greater attention to more-
inclusive ecological philosophies because they reflect the reality of how 
we need to achieve ecological understanding in the twenty-first century.

So, are observational approaches scientific? That question can only be 
answered by the studies themselves. Our contention throughout this book 
is that the strength of observational approaches will increase by incorpo-
rating a wide variety of data types, data gatherers, and strategies, but that 
their ability to be useful to science depends on the context in which they 
are used. Finding the science in observation is about finding the meet-
ing place of the spirit of discovery that is shared when one keen observer 
of the world passes on an ecological story to another, and the ability to 
achieve a rigorous ecological understanding of a particular ecological 
phenomenon. Strong conceptual frameworks, large amounts of data, and 
the right analytical tools are essential if observational approaches are 
to contribute to ecological sciences. Demonstrations of the rigor within 
observational studies are amassing within ecological science, especially 
as more data and better analytical techniques become available.
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In the next part of the book we show why it is so important to get 
to the science within the observations. Having the backstop of rigorous 
science is increasingly essential as observational studies themselves are 
being increasingly called upon to contribute to resource-management and 
policy debates, as we discuss in the next chapter, and it becomes critical as 
observational methods are infused with new educational models at every 
level, from kindergarten to graduate school, as we discuss in Chapter 9.
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BEYOND ACADEMIA: THE POWER  
OF OBSERVATIONAL APPROACHES

Part IV is the payoff for us. Here we show how all the components of 
observation-based approaches to ecology — the different types of obser-
vations and observers, the new and old analytical approaches, the philo-
sophical consilience of different ways of gaining ecological understand-
ing — come together to play an integral role in the things we really care a 
lot about: environmental policy and environmental education.

In Chapter 8 we consider the policy-making process from an ecologi-
cal point of view, trying to elucidate the holistic picture of what influ-
ences policy change. In this view, it is not enough to convey the technical 
information behind a particular policy prescription, but further attention 
must be paid to emotional and sociological aspects of policy making. We 
argue that observational studies, more than experimental or theoretical 
approaches, are easy to translate into technical, emotional, and sociologi-
cal content that can be used by policy makers. In Chapter 9, we argue that 
observational approaches are amenable to educational opportunities at 
every level and in both formal and informal settings. We show that both 
the process of gathering observational data and the products of those data 
can be made into lifelong lesson plans that create positive feedback loops 
that, in turn, encourage further nature education, scientific exploration, 
and advocacy for environmental protection.

P A R T  I V
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We have been hinting all along that ecology has a more prominent role 
to play in public policy debates than ever before. The multiple-scale and 
large-scale ecological changes that are tailored to large, multiple-scale 
networked ecological observations that we discussed in Chapter 6 should 
also be the focus of policy changes at multiple scales of governance — 

from local to global. Yet career ecologists have been frustrated at how little 
progress ecology as a science has made in turning the tide of environmen-
tal degradation and destruction. In this chapter we dive into this paradox 
by looking at the ecology of policy making itself and identifing matches 
and mismatches between ecological science and the complex ecology of 
politics.

To put the problem bluntly, policy makers don’t read Ecological Mono-
graphs. Although more and more ecologists are conducting work that 
should be relevant to policy makers, there is a wide gap between the 
practice of ecological science and the practice of politics. Ecological stud-
ies, whether or not they are intentionally initiated in response to a policy 
or management need, will increasingly have a role to play in the policy-
making process and they can only do so if they can be brought across 
the science-policy divide. In this chapter we identify the sources of this 
divide. We highlight examples of past successes of observational ecologi-
cal studies in influencing critical environmental policy issues, and we 
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discuss why they fill a role in making the science-to-policy connection 
that can’t be filled by experimental and theoretical studies. We argue that 
observation-based approaches to ecology are highly amenable to inform-
ing a policy-making process essentially because they are useful in trans-
lating the language of science into the language of policy. While this is 
a promising sign for the future relevance of ecology in helping to solve 
urgent environmental challenges, it also brings with it the potential to 
misinterpret or misuse results and to overreact to scientific findings.

Policy has three distinct but intertwined components that must be 
activated in order to move a policy change forward. There is a techni-
cal component that comprises the facts and figures, the calculated risks 
and benefits, and the demonstrable outcomes of any policy. There is an 
emotional component that is stimulated by the feelings, ethical consid-
erations, and spiritual beliefs that drive both calls for policy change and 
also people’s responses to policy change. And there is a sociological com-
ponent that comprises the politics and relationships, personal histories 
and animosities, coalitions and betrayals that all come into play when a 
new policy is proposed and debated.

Policy Making Takes More than Good Data

Changing policy takes much more than just getting scientific informa-
tion to policy makers, but delivering the information is a critical first step. 
This connection can be made in many ways: through citizen groups that 
use science to advance their agendas; through the portrayal of scientific 
results in the media; and through direct connections between scientists 
and policy makers. This direct connection is vital, but must be absolutely 
clear and defensible in order to maintain the credibility of scientists, 
which is why Stuart Pimm argues in Box 8.1 that it is so important to be a 
direct observer of change in the world.

In all of these cases, including the direct transfer of information from 
scientist to lawmaker, there is some kind of translation of the original sci-
ence into a language that is considered more relevant, or persuasive, to a 
lawmaker. This interpretation is not just technical, but emotional as well. 
People and organizations trying to convince lawmakers to change policy 



BOX 8.1

Observation and Policy: The Importance of Being There

STUART PIMM

“I was there,” Elrond tells Gandalf in The Lord of the Rings. It’s a chilling moment, 

for Elrond has witnessed a previous failure to destroy the evil ring. I have been 

the witness to failure, too. Experiencing it made me a conservation biologist — 

before we had the name for our new profession — though not 3,000 years ago, as 

in Elrond’s case.

That experience shapes how I convey messages — to the media, to Congres-

sional committees when I have testified before them, to public groups, and to 

church congregations.

There’s a story of a senior figure from a conservation NGO talking publicly 

about extinctions and how many there are, then being asked to name them and 

being unable to do so. Shame! Extinction is a very real experience for me.

Birdwatchers list the species they see, and indeed, some become obsessive 

about how many and where. The visibility of birds and the numbers of their spe-

cies mean that an understanding of their diversity and biogeography comes eas-

ily and quickly. I had a life list at age 13. When, 15 year later, I headed to Hawai’i, 

I already had the list of species I needed to see. I was doing fieldwork, six days 

out of every eight, and for months. I was convinced I would see them all — even 

the rare ones.

I didn’t.

Some of the species I sought were already extinct; some were exceptionally 

rare. I was a skilled observer and no matter how much time I spent in the field, 

they weren’t there.

I learned other lessons too. Species with small ranges are the ones most likely 

to be locally scarce — a double jeopardy that makes them disproportionately at 

risk of extinction. The places where such species occur are idiosyncratic and, 

surprisingly, they are not where the greatest numbers of other species live.

These are the “laws” of biodiversity and they shape conservation priorities. So, 

yes, when asked I do know where the recently extinct species are, sometimes from 

having seen them. And I do know where the species that teeter on the brink are to 

be found. And, well yes, tropical deforestation is personal too, for I have stepped 

far too often into the black ash of what was once a forest teeming with life.



O B S E R V A T I O N  A N D  E C O L O G Y

136

need at some level to get the facts straight (though anyone watching pol-
icy debates can see how far those facts get stretched at times), but most 
policy change is driven by some visceral attachment or response to an 
issue. This is why adorable polar bear cubs and not, say, intertidal snails 
have become the poster children for environmental groups’ campaigns 
about climate warming.

There has been a lot of attention paid to “science communication” in 
recent years in the form of science blogs, articles, books with titles like 
Don’t Be Such a Scientist (Olson 2009), and even “training programs” (e.g., 
the Aldo Leopold Leadership Program — see leopoldleadership.stan-
ford.edu). These have been enormously important, but they have largely 
focused on the technical and only a little on the emotional gaps between 
science and policy (Groffman et al. 2010). The best of these efforts try to 
move beyond the rather offensive advice that scientists need to translate 
their work into a language that the “general population” can understand, 
or worse, that scientists should simplify their language to a “fifth-grade 
level,” but they still tend to coalesce around the theme that scientists are 
nerdy (or arrogant) technocrats who could be infinitely more effective 
shaping policy if only they could learn to communicate. This view ignores 
the real ecology of the political process. The fact is that there are many 
conscientious scientists out there who communicate about their work very 
clearly, accurately, and without condescension. As Rafe observed during 
his time working in the U.S. Congress, lawmakers and their staffs are 
actually inundated daily by a barrage of newspaper clippings, articles, 
reports, white papers, podcasts, e-mail blasts, and lobbyists’ spiels that 

I was there, I saw — and see — the mistakes that lead to a loss of biodiversity, 

and this shapes both my science and, importantly, how I communicate it to the 

public and to policy makers.

I witness the successes, too: grey and blue whales out in the Pacific, the per-

egrines that migrate in the hundreds over my home in the Florida Keys each fall. 

When challenged about the efficacy of the Endangered Species Act in the USA, 

yes, I can testify that when we put our minds to it, we need not witness failure.
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largely get the science right and communicate it clearly, but just aren’t that 
useful to the policy making process.

What is needed, even more than simply better communication, are 
ways to translate urgent science into language that resonates in all three 
areas of policy making — the technical, emotional, and sociological. Exper-
imental and theoretical studies of ecology, whether designed in response 
to a policy need or (more commonly) not, simply aren’t able to do this 
because they operate at small scales of space and time, or in a comput-
erized world that can’t be touched or smelled or seen in reality. This is 
not to say that they can’t produce results relevant to policy, but only that 
they have a harder time making their case for relevance to those involved 
in the policy-making process because they don’t resonate strongly in the 
three areas of policy.

Observational approaches to ecology, by contrast, tend to produce 
results that translate very well in the technical and emotional components 
of policy making, and the recent expansion of ecology toward creating 
observational data sets in conjunction with citizen scientists, as well as the 
local and traditional knowledge holders whom we discussed in Chapter 
5, creates the kind of coalitions of interest that can influence the complex 
sociology of policy making. Likewise, the opening of ecology toward new 
fields in social sciences, such as consumer behavior, is more directly con-
necting ecological results with an understanding of how and why people 
demand political change.

Experimental studies can be useful for understanding mechanisms 
behind ecological change at small scales. Policy makers, by contrast, 
are typically interested in outcomes of ecological change at large scales. 
It can be hard for them to see the connection from what happens in a 
small number of plots in a nature reserve to how that will affect people 
across the much larger areas where they have the power to make public 
policy. Even attention-grabbing headlines from experimental work, such 
as a recent finding from the Duke University experimental forest show-
ing that increased carbon dioxide (when added in an experimental set-
ting) led to faster-growing and more-toxic poison ivy plants (Mohan et al. 
2006), leave many unanswered questions that make it difficult for policy 
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makers to latch on. For example, would poison ivy really grow like this 
outside the Duke Forest in North Carolina? Would poison ivy really adapt 
like this given that the rate of increase of carbon dioxide in the real world 
is much different from the high concentrations of CO2 suddenly present 
in experimental forest plots? Would some other weed not even considered 
in the experimental setup thrive and outcompete poison ivy in the real 
world? These questions can’t be addressed at the time and spatial scales 
of experiments, which is why scientists at Duke’s experimental forest have 
always insisted that their results are most useful for feeding into ecologi-
cal models that can get at those complex issues (Dellwo 2010).

Modeling — creating computer-generated simulations of future ecolo-
gies — can help us understand the changes likely to come in the future, 
and models can be applied to large spatial scales. As computing power 
and ecological knowledge has expanded (in part through experiments 
like those at Duke Forest), models have become increasingly sophisti-
cated, bringing in more interacting variables and, we hope, coming closer 
to the ideal situation where they can both accurately “hindcast” the past 
(that is, re-create past observed conditions to show that the models get the 
ecosystem dynamics correct) as well as forecast the future. Ecologists use 
all sorts of models to look at the likely spread of invasive species, the risk 
of fire outbreaks in different locations, and the projected future popula-
tions of threatened, endangered, or commercially exploited species. When 
they work, they can provide a plausible range of future conditions that 
may occur given different assumed changes in policy or management.

But no matter how sophisticated they get, models will always suffer 
from a widespread human prejudice against computers. Although many 
of us use and rely on computers for our very lives (when we fly in com-
mercial airplanes, for example), in general, people are skeptical of com-
puter-generated models. This is probably unfair and it’s really no fault of 
the modelers, who have continually improved climate, population, hydro-
logical, and even human decision-making models. It’s just quite simply 
that not seeing is not believing.

Some of the skepticism about models will be broken down as more 
observations confirm or correct them. For example, over 100 years ago 
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Svante Arrhenius relied on very simple models to make the first predic-
tions about human-driven climate warming. While his theories were 
known to a small group of scientists throughout the twentieth century, 
they didn’t spread very far because they lacked the observational valida-
tion that would attract more scientists to consider the accuracy of his pre-
dictions or that would convince the public that there was something real 
to be concerned about. But through the dogged determination of Charles 
Keeling, who developed and deployed an ultra-sensitive monitor for atmo-
spheric carbon dioxide, we would finally have a more accurate picture 
of greenhouse-gas accumulation (Gillis 2010). The data would confirm 
that Arrhenius was theoretically correct, though factually far off the mark 
about how quickly carbon dioxide would accumulate in the atmosphere. 
More important, the so-called Keeling Curve would become a startling 
and incontrovertible observational picture of the legacy of industrializa-
tion and its potential consequence for global ecology.

The curve illustrates both the overall rise of CO2 concentrations in 
the atmosphere and also a seasonal signal of planetary carbon balance 
in the form of small jagged up-and-down oscillations in the curve. If 
you focused in on just a few measurements from the curve — as Keeling 
must have done when he first started getting data from his sensors — you 
would just see the concentration of carbon going up and down throughout 
the year. It wouldn’t be until several years of observation that you could 
identify this oscillation clearly as a seasonal cycle with CO2 levels rising 
during northern hemisphere winter (when trees spread across a larger 
landmass than that of the southern hemisphere have slowed or ceased 
their uptake of carbon), and falling during summer. And it would take a 
decade of observation to establish that an increase in CO2 was occurring 
above and beyond the seasonal spike.

It is this clear picture that emerges, simply wrought from years of 
observations and accounting for several scales of time (seasonal, yearly, 
decadal), that makes the profoundly important connection between the 
prescient theory of Arrhenius and the more accurate and sophisticated 
supercomputer climate models that are now used to project the future 
state of our world. The curve (now yielded repeatedly from CO2 monitor-
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ing stations throughout the world) is the solid backbone in the huge body 
of climate-change research that can seem amorphous and unwieldy to 
anyone who doesn’t study climate change for a living.

Modelers have always acknowledged that observations are essen-
tial — both historical observations that help them build the models, and 
present-day observations that help validate previous outputs from the 
models. But observations also have a role in reassuring the public that 
the outputs of a silicon-based machine can tell us something about the 
real world. Observations do this by providing both technical support, in 
the form of data that link the quantitative and qualitative predictions of 
models to actual changes in the real world, and also the emotional sup-
port which shows that our world isn’t just changing in the pixels of a 
computer screen, but in the lives and fates of things we really care about. 
Models can do many things, but they rarely convey the emotional content 
of environmental issues. Rafe jokes that his grandmother doesn’t call him 
up concerned about the latest computerized climate-model outputs from 
the World Climate Research Programme, but she does call about the polar 
bears haplessly swimming between ever-scarcer ice floes in the Arctic 
that she saw on the Discovery Channel.

The Emotional Power of Observational Approaches

This technical and emotional power of observational approaches to influ-
ence public debate has been seen throughout the history of ecology. When 
he was president of the United States, the naturalist Teddy Roosevelt used 
photographs of deforested and eroded Chinese mountains during a Con-
gressional address (Cutright 1985) to make the case for a national scientifi-
cally managed forest service, an idea that became one of the most impor-
tant conservation legacies in American history. There were both technical 
and emotional aspects of Roosevelt’s entreaty, but given his penchant for 
dramatic oratory, we suspect that, for Americans in the throes of industri-
alization, the technical story of erosion following deforestation was sec-
ondary to the emotional appeal of showing how science could improve 
society.

Just as scientific results can come from observations filtered through 
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all our senses (Chapter 3), the emotional content of these observations is 
not only transferred through our visual field. Rachel Carson’s enormously 
influential book Silent Spring, which is credited with launching the mod-
ern environmental movement, used the auditory sensation of silence in 
places where birdsong used to fill the air in order to galvanize public con-
cern about pesticides such as DDT. In the southeastern United States it is 
the smell of hog farms, rather than the more distal concern about methane-
gas emissions, that has created alliances of local citizens, scientists, envi-
ronmentalists, and hog farmers themselves to develop ways to capture the 
methane and turn it into fuel.

Because they play on our emotions, even small slices of larger obser-
vations can have disproportionate effects on policy. In 1987 the surreal 
image of a garbage barge circling Manhattan with no place to dump its 
cargo became a powerful symbol and catalyst for massively renewed 
efforts at recycling (Miller 2007). Public response to fires on the Cuyahoga 
River in Ohio in 1969 are considered to be the genesis of the U.S. Environ-
mental Protection Agency and the passage of the Clean Water Act in the 
United States (Adler 2003), which both have influence far beyond water 
quality in a midwestern river.

Rivers catching fire and excess garbage circling a city are fairly local-
ized environmental issues that sparked an environmental consciousness 
that reverberated across the world to places that experienced similar 
localized problems. A more profound awareness that observations have 
provided is the understanding that our actions can actually alter global 
dynamics unilaterally, not as the additive property of the same mistake 
repeated in different places, but as a comprehensive attack on the whole 
system. This awareness didn’t emerge automatically, but required a prim-
ing step in the form of the compelling story of the K-T extinction event 
described in Chapter 7. The dinosaur extinction story’s immediate impact 
was to increase fear about asteroids rather than raise awareness about our 
own impacts on global ecosystems, but it made the case conceptually that 
our entire Earth system could shift from being a life-supporting to a life-
destroying planet.

The awareness that we as a species could be a driver of this shift would 
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come just a few years later when the popular scientist Carl Sagan and col-
leagues postulated that an all-out nuclear battle between the United States 
and the Soviet Union, which was a very real and frightening prospect at 
the time, would lead to such expulsion of dust and soot from fires into 
the atmosphere that the entire planet would suffer a “nuclear winter” in 
which solar radiation would be so reduced that the vast majority of mac-
roscopic life-forms on Earth would die (Turco et al. 1983). What made this 
conjecture and the authors’ associated models seem plausible in people’s 
minds was the previous observations of the K-T extinction. The mecha-
nism of extinction was remarkably similar, only the delivery vehicle — an 
intercontinental ballistic missile vs. an asteroid — was different. For the 
first time, large numbers of people could comprehend the once-incompre-
hensible — that humans were capable of causing global-scale disruption of 
our living systems.

It was then only a few more years until our awareness of our global 
impact was stoked yet again. In 1985 Joseph Farman and colleagues pub-
lished observational evidence that a large area of the stratospheric ozone 
layer, which protects life on Earth’s surface from excessive UV radia-
tion, had declined dramatically in concentration (Farman, Gardiner, and 
Shanklin 1985). The result that Farman and his colleagues displayed 
should have been a surprise to no one. After all, the chemical model dem-
onstrating that chlorine and associated atoms in the upper atmosphere 
could catalytically destroy ozone was published way back in 1974 by 
Mario Molina and F. Sherwood Rowland (Molina and Rowland 1974). 
But the model and the raft of scientific studies following the 1974 paper 
failed to captivate the public in the same way that a simple image of the 
result was able to do. Only two years after the images of Farman’s “ozone 
hole” were published, the Montreal Protocol, a binding international 
agreement to phase out ozone-depleting chemicals, had been passed, and 
it remains the most successful effort at global environmental problem 
solving to date. Rowland and Molina’s continual advocacy for a ban on 
ozone-depleting chemicals was certainly vital to this effort (Meyer et al. 
2010), but even according to Molina, the explosion of public attention fol-
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lowing the ozone-hole images was essential to achieving the final policy 
(M. Molina, pers. comm. to RDS, June, 2009).

Getting Scientists and Citizens Involved

In most cases, communicating science in a way that influences policy 
takes more than clever framing of technical concepts (Sagarin 2010), and 
it takes more than an appeal to emotional responses, which can be pow-
erful, but can just as easily (perhaps more easily) be brought to bear on 
policy that pointedly opposes scientific findings (such as teaching “intel-
ligent design” or arguing that protecting endangered species will destroy 
jobs). Making lasting change also requires getting into the complex net-
works of relationships of power and history and shifting motivations that 
make up the sociological component of policy making. In other words, we 
need to understand the ecology of politics in order to bring ecology into 
policy.

Getting scientists directly involved in the process of policy making is 
an effective, but limited, way of making this connection. There are some 
opportunities for ecologists to serve as science advisors in national and 
international government offices, but these relationships are usually short-
term arrangements designed mostly to serve as learning experiences for 
the scientists. At the level of career politicians, other than U.S. President 
Teddy Roosevelt, rarely has someone with both direct knowledge of the 
technical aspects of ecology and a deep emotional connection held such 
a powerful political office. Few ecologists will grow up to become lead-
ers of a country and many of us wouldn’t want to. Moreover, as political 
campaigns become ever more expensive (a recent gubernatorial race in 
the state of California cost $250 million, with the losing candidate spend-
ing $140 million of her own fortune), scientists, who have rarely amassed 
fortunes, are increasingly unlikely to hold high public office.

But as the upper end of politics is closing its doors to public participa-
tion, the bottom end is becoming more open, with citizens more directly 
involved in meeting local social and environmental challenges. Business-
man and activist Paul Hawken has documented the remarkable recent 
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success of small, localized action groups relative to the failures of gov-
ernments and large international conservation organizations in achieving 
social justice and environmental protection (Hawken 2007). The opening 
of ecological science that we have discussed so far creates ripe opportuni-
ties in two directions — with citizens getting more active in the process 
of ecological science, and the process of ecological science getting more 
involved in the lives of citizens — that will both influence policy making.

The most direct way this will occur is through the continued involve-
ment of citizen-scientists in ecological studies, which connects people 
back to nature and allows them to tap into the same emotional source 
of inspiration that makes natural scientists excited about what they do 
(Revkin 2010). Such involvement can’t be mandated by policy; rather, it 
must be something that people come to naturally to fulfill curiosity or to 
feel like they are contributing something of value to their local ecology or 
to a place they visit. Creating opportunities and reducing barriers to this 
involvement is essential. The National Park Service in the United States, 
created top-down by the naturalist-president Theodore Roosevelt, is now 
using a bottom-up approach to gaining support for their continued exis-
tence. It has created a series of highly publicized “Bio Blitzes” in which 
teams of citizens and scientists converge on a single national park over the 
course of a weekend and record all the plants and animals they can find. 
The goal is to create involved citizen-observers who discover the value of 
the parks and the value of ongoing nature observation.

But asking for more engagement of citizens in science can be matched 
by asking more of scientists in engaging with civic life. This means, in 
part, engaging the social sciences increasingly within ecological science. 
This will expand the subjects of our fieldwork from starfish and pine trees 
to human users and consumers of natural resources. Areas ripe for such 
work arise where complex ecological systems meet complex economic 
and policy choices. For example, a growing body of research is being 
conducted on developing “eco-labels” for fishery species, much like an 
“organic” label for produce. The point of such labeling schemes is typi-
cally to reward and encourage sustainable fishing practices by increas-
ing access to markets such as Whole Foods or Walmart that have stated 
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they want to sell sustainably harvested foods, and by providing a price 
premium to producers. While a lot of typical ecological monitoring and 
population surveys are necessary in order to consider whether it is fea-
sible to certify a given fishery as sustainable, we have also discovered how 
important fishermen’s attitudes and beliefs, as well as consumers’ prefer-
ences, are in this complex equation.

While still a master’s candidate at Duke University, Wendy Goyert 
took on the daunting task of interviewing Maine lobstermen at docksides 
throughout the coast to determine their opinions and concerns about a 
statewide proposal to list Maine lobster as a Marine Stewardship Coun-
cil – certified fishery (Goyert, Sagarin, and Annala 2010). She also con-
ducted a consumer-preference survey to see what drives buyers’ decisions 
in selecting seafood. What she found was that attitudes about the certi-
fication program were almost perfectly split among lobstermen between 
those who liked the idea and those that hated it. Moreover, her consumer 
survey showed that rather than environmental factors, consumers care 
much more about freshness and the location where their lobster was 
caught. She concluded that more benefit would accrue to lobstermen if a 
label on their product identified it as “Fresh Maine Lobster,” with details 
on the particular location and people who caught it, than if the label iden-
tified its sustainability, even though the same fishing practices would go 
on behind the scenes. In other words, by correctly identifying the human 
behavioral drivers in a complex system, we can find ways to reach the 
same end (sustainable fisheries) by unexpected means (a consumer label 
that doesn’t focus on sustainability at all).

An ancillary benefit of this kind of research is that it begins to 
break down the divide between academic scientists working with nat-
ural resources and people who make a living off consumption of those 
resources. Goyert found that although Maine lobstermen have a reputa-
tion as provincial and suspicious of outsiders, they were happy to get a 
chance to talk with her about a political process that they felt they had 
little control over.

Breaking down this sense of disconnection between resource users, 
scientists, conservationists, and policy makers will go a long way toward 



O B S E R V A T I O N  A N D  E C O L O G Y

146

creating better conservation policy. They are all essential players in man-
aging what are collectively known as “public trust” resources — those 
ecosystem goods and services that do not fall under direct ownership 
rights. The United States and many other countries are actually guided 
by a “Public Trust Doctrine” which acknowledges that natural resources 
such as wildlife, shellfish beds, and coastal access cannot be owned by a 
government, but can only be held in trust by the government for the good 
of all citizens, in the present and for future generations (Turnipseed et 
al. 2009). In most countries, the public trust doctrine is a matter of com-
mon law, rather than a written part of individual environmental policies, 
meaning that for it to take effect citizens must actively assert their right 
to have public-trust resources protected on their behalf. This can happen 
when concerned citizens rally to have a particular aspect of the public 
trust protected by law or when they sue government for a breach of its 
public-trust responsibility. But such citizen-focused stewardship can only 
occur if we know what is in our public-trust “portfolio” — the collection 
of natural assets shared by all people. Proper and active management of 
a public-trust portfolio requires learning from and balancing the needs of 
a mutually dependent network of resource users, lawmakers who must 
carry out the government’s duty to protect the trust, and scientists, citi-
zens, and ecological knowledge holders working to get a clear picture of 
the resources within that trust. We may never be able to make the “full 
accounting of his stewardship” required by law of a financial trustee 
(Scott 1999), but increasing our observational knowledge of the natural 
resources held in trust will certainly help improve the ability of govern-
ments to fulfill their trust responsibilities.

We have argued that changes in the environment have been forcing 
changes in the way we conduct ecological science. Ideally, these changes 
should in turn feed back to drive changes in policies that affect our envi-
ronment. This won’t happen automatically because most ecological studies 
are not designed at the outset with the goal of influencing policy. Rather, 
observational approaches to ecology are particularly powerful in policy 
discussions, in part because they naturally operate at the same scales as 
the images that capture public attention. Rowland and Molina’s model 
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applied to individual molecules, incomprehensibly small. But Farman’s 
observations were on a huge scale — a looming hole threatening to swal-
low up larger and larger parts of the whole Earth — and public perception 
of the problem was likewise enlarged. Observations come in a language 
that can be understood globally with little need to translate.

Indeed, many of the headline-grabbing science news items — the ones 
that do get the attention of lawmakers and their staffs — are observational 
in nature. A distant solar system captured by the Hubble space telescope. 
A strange new squidlike animal caught in the floodlights of a deep-sea 
submersible. A massive dead zone in the Gulf of Mexico revealed by sat-
ellite images. To be sure, these fascinating snapshots are not necessarily 
scientific at all, but rather the superficial manifestation of extensive scien-
tific research occurring before and after the images are published. Such 
images, when broadcast widely, can have profoundly cascading effects on 
all sorts of social decision making. They ignite public debate and catalyze 
greater funding for space exploration, or biodiversity protection, or new 
water-protection legislation.

Because these symbolic images are powerful, they may cause us to 
overreact or may distract our attention from more important issues. The 
validity of these images in terms of reflecting a larger reality and also 
their power in attracting continued activism both depend on how well 
they truly match the larger scientific enterprise that produced them. Had 
the Hubble telescope only produced a few pretty pictures, interest in the 
science behind it would have waned, along with the strong public sup-
port for continuing its mission. Likewise, if the first images of dead zones 
had only shown a freak phenomenon, never to be repeated, rather than 
an ongoing and growing problem that later turned up in other parts of 
the world, it wouldn’t attract much attention about water-quality issues 
and may have even been held up as yet another example of exaggera-
tion by environmentalists. It is the linkage between fleeting but dramatic 
images and the less glamorous long-term science underlying the images 
that establishes a strong nexus joining science, society, and policy.

Observations may serve as a proxy for larger, more-complex issues. In 
this sense, starving polar bears are a good proxy for climate change. They 
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show that climate change is affecting something that many people care 
about (in this case, animal welfare) and that climate change is happening 
now, not 50 years from now. In other ways, of course, polar bears can only 
capture a tiny subsample of effects that climate change will bring, and 
little of the complexity (for example, there may be different populations of 
polar bears that fare better in a climate-warmed world).

This potential for observations to both fairly and unfairly influence 
policy debates puts added responsibility on the scientist, whether she 
intended her study to respond to a policy need or not. Results of obser-
vational studies are increasingly transferred into news stories and docu-
mentaries and then discussed on blogs and shared across social networks. 
Once outside the safe confines of a peer-reviewed journal, they can be 
used in all sorts of ways to influence policy. This raises key questions 
about where the scientist’s responsibility ends. For example, Rafe was 
surprised to find himself involuntarily added to a list created by the con-
servative Heartland Institute of “500 Scientists with Documented Doubts 
of Man Made Global Warming Scares.” Although the Institute never said 
why he was on the list, presumably it was due to a short article he pub-
lished in Nature that identified a small but correctable error in the way all 
published studies had documented shifts in phenological timing (Saga-
rin 2001). Of course, pointing out errors in published data is exactly how 
climate science or any other science progresses toward understanding, 
and the fact that the correction was published in the leading scientific 
journal, rather than buried in an online blog or conference proceedings, is 
testament to the fact that scientists take their self-policing role quite seri-
ously. But does the scientist have a responsibility to correct an individual 
or organization that sidesteps any review process and grossly misinter-
prets his science?

In this case, the infamous list was quickly denounced and shown to 
be fraudulent by a public-interest group focused on the integrity of science 
(desmogblog.com/outrage-in-the-climate-science-community-con tinues 

-over-the-500-scientist-list), but what if it had been taken seriously by main-
stream media or influential lawmakers? Deciding when to step away from 
the relative safety of academia and intervene directly in policy debates is a 
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choice that observational scientists will increasingly need to make. Some 
scientists have already decided that it is irresponsible not to engage in policy 
debates, considering the damage to ecosystems that has already been done 
and the relative lack of serious policy response (Meyer et al. 2010; Whitmer 
et al. 2010). Others consider that such advocacy should only take place in the 
narrow circumstances where a policy debate concerns something directly 
related to the scientist’s own research. In practice, considering the intercon-
nections between organisms and across scales in ecology, it is very hard to 
draw that line. We find it almost inevitable that tomorrow’s scientists will be 
drawn into policy discussions. Thus, as we discuss in the next chapter, sci-
entific education going forward will need to be more holistic and inclusive 
than it has been. We will argue that observation-based studies feed a cata-
lytic cycle of education that broadly trains ecologists who, in turn, become 
the progenitors of the next generation of observation-based studies.
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Humans by their nature are observers. Before we are even born we are 
sensing our environment. As we grow older, we acquire crucial infor-
mation mainly by observing the environment directly or through our 
peers’ interactions with the environment. There is a natural connection 
between observation and how we learn and understand the world. We 
have evolved to use observations to build up our own representation of 
reality. As the American Association for the Advancement of Science and 
the National Science Foundation have acknowledged, the “practices of 
observation,” particularly “observing nature,” are essential to build the 
ability to apply the process of science in biology (Brewer and Smith 2011).

There is, accordingly, a natural nexus between observation of nature 
as an educational tool and as a scientific tool, and both branches of this 
convergence can mutually benefit society and the science of ecology in 
several ways. First, the use of observation as an educational tool can ben-
efit the psychological and intellectual development of children. Second, 
early and memorable experiences with nature create children, adoles-
cents, and young adults who grow to appreciate nature and will continue, 
either formally as scientists or informally as citizen knowledge holders 
(see Chapter 5), to join the ranks of ecological observers. These observers 
are then more likely to become those who make the connections between 
societal actions and ecological change. Third, at higher levels of education, 
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nature observation can give students the inspiration to pursue careers in 
the life sciences as well as the more immediate benefit of giving them 
sources of hypotheses and a “real world” perspective for their research, 
whether it be observational, theoretical, or experimental in nature.

In this chapter, we discuss the implications of using observation for 
learning ecology and increasing environmental awareness. Although we 
borrow from it, we do not intend to review the large body of literature in 
educational theory or practice (see for example, Brewer and Smith 2011; 
Hayes 2009; Bowen and Roth 2007) or “environmental psychology” (e.g., 
Clayton and Meyers 2009; Aanstoos 1998). Rather we use the salient find-
ings from this research — which point to the importance of early exposure 
to nature, the value in any nature experiences, and the need to develop 
positive psychological feedback from nature exposure — as a framework 
to relate how our experiences as students, teachers, and parents have re -
inforced our own faith in the power of nature’s classroom.

Ecological Observations as a Developmental Tool

Children exposed to nature will quickly develop strong observational 
skills. Many of us have been in the field from a very young age (perhaps 
that is why we choose a career in ecology). Early contact with nature not 
only shaped our cognitive perception of nature, but also affected our con-
nection to the natural world (Taylor and Kuo 2006). The flexibility of our 
brains in early childhood allows for rapid information acquisition and 
pattern-finding ability, thus setting the basal conditions to be able to con-
struct synthetic perceptions of complex ecologies. Given a safe environ-
ment, young children set this process in motion by conducting a series 
of ever-more-elaborate observational experiments with the world around 
them (Gopnik 2009), learning from both successes and failures. For exam-
ple, Aníbal’s son was three years old when, one day at the grocery store, 
the boy grabbed a leaf from a decorative shrub, smashed it into his hand 
and smelled it, but perceived no smell. His father had to explain that this 
was a plastic plant. At this young age, he was already familiar with the 
fact that plants have particular smells, a secret that his father taught him 
in his own backyard. Although the immediate outcome was bewildering, 
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the experience reinforced and refined the lesson that careful observation 
can be used to make discoveries and find order within a world full of 
stimuli.

Direct observation of nature, if accompanied with enjoyable experi-
ences, leaves a lasting impression about the valuation of nature. Children 
whose relationship to nature started with exciting outdoor activities will 
be much more likely to develop a strong attachment to nature (Clayton 
and Myers 2009). For example, Nadia Lalak found that by bringing young 
children into forests in Australia and combining the field experience with 
a magical storytelling component, the children will quickly connect to 
nature. She reports that young children, aided by the dynamics of story-
telling, use all their senses to experience the environment that surrounds 
them. Children quickly become “engaged through their senses into 
heightened awareness” in an otherwise unfamiliar environment (Burns 
2005, p. 72; Lalak 2003). Early exposure to nature has important psycho-
logical benefits that go far beyond the appreciation of nature. For exam-
ple, self-esteem, self-confidence and social behavior in children have been 
shown to improve after wilderness experiences (Taylor and Kuo 2006).

If productive success in ecology may stem from a personal, sensory 
experience, a corollary may be that divorcing natural history and observa-
tion may not just be detrimental to ecology as a science, but to individuals 
on a personal level as well. “Screen time” is replacing “forest hours,” even 
for ecologists, and even our best screens are still massively lower in reso-
lution than nature. Regrettably, we are also urbanizing ourselves, making 
nature a more and more a separate entity that we visit once a week if we’re 
lucky or maybe only once a year for our summer vacations. In the United 
States, dire warnings about abductions blasted on cable news and even 
legal restrictions on letting children roam their neighborhoods and coun-
tryside without supervision are putting more barriers between kids and 
nature. It is hard to imagine a Geerat Vermeij or Daniel Kish (see Chapter 
3) developing such keen observational senses in a world where we don’t 
even let our sighted kids out of our sight.

Some have suggested that the separation of humans from nature has 
decreased the sensitivity of our observation skills as our cognitive and 
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sensorial systems are now trained only under stressful, “sharp-elbowed” 
surroundings of urban environments (Berman, Jonides, and Kaplan 2008), 
which may help us avoid cars, but may overwhelm our abilities to detect 
more subtle changes in nature. The disconnection to nature has also been 
linked to higher rates of obesity, and potentially higher propensity toward 
mental illnesses such as Attention Deficit Hyperactivity Disorder (Louv 
2005; Taylor, Kuo, and Sullivan 2001). At the same time, we are becom-
ing handicapped in our ability to observe nature as our senses atrophy 
due to the lack of use. This disability can be direct and quantifiable, as 
in an epidemiological study revealing that children who spend more 
time outdoors have lower rates of myopia (Gwiazda and Deng 2009), or it 
may appear in the more qualitative sense that becoming a good observer 
requires immense practice, which is forfeited when we grow up indoors.

However, many people have rebelled against this trend toward the 
indoors, finding new ways to get back to nature. There is even a move-
ment called “free-range kids” to encourage parents to let their kids 
explore the world on their own. The movement was started by a mother 
who wrote a newspaper column on why she let her nine-year-old son 
ride the New York City subway alone, only to find herself just days later 
on national television being called “the worst mother in America” by 
hyper-safety-conscious parenting “experts” (freerangekids.wordpress.
com). More-formalized programs, sometimes primarily aimed at dealing 
with public-health concerns about a sedentary lifestyle, are encouraging 
more outdoor and nature activity for children. For example, No Child Left 
Indoors, a project run by government and nongovernment organizations 
in the American state of Connecticut, aims to “introduce children to the 
wonder of nature — for their own health and well-being, for the future of 
environmental conservation, and for the preservation of the beauty.”

Ecological Observations as an Elementary Learning Tool

An emerging lesson from these programs is that the nature experiences 
we try to foster need not be perfect forays into “ecotopias” — special trips 
to the Grand Canyon or the Great Barrier Reef. If we look to experience 
and share only idealized “pristine” natural areas, we may miss the chance 
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to observe the nature that inhabits our cities, parks, and suburban envi-
ronments. Biodiversity and ecosystem processes can be observed next to 
home (Brewer 2002). In many cases, the novel ecosystems (sensu Hobbs 
et al. 2006) that surround us, and which are under the strong influence 
of humans, are going to be the same ecosystems where we will spend 
most of our lives and where biodiversity should be conserved (see, for 
example, Pauchard et al. 2006). Observing and understanding these novel 
ecosystems, which can be dominated by non-native species, should be 
promoted regardless of their origins or level of preservation. Brendon 
Larson reminds us in Box 9.1 that even anthropogenic systems provide a 
unique opportunity to introduce the complexities, and wonder, of ecologi-
cal systems. 

Observation of nature can also help us avoid the frustration caused 
by the urgency of environmental catastrophes. As David Sobel (1996) 
suggests, children who are faced with environmental negativism can 
quickly become disenchanted with nature conservation, considering it a 
lost cause. Observation of ecological systems, even in heavily impacted 
environments, can generate hope out of a situation of despair for children 
and adults. For example, in Los Angeles, California, even small “pocket 
parks” at the dead end of streets that abut the concrete flood-control chan-
nel once known as the L.A. River, as well as the few remaining patches 
of natural streambed in the river, are becoming sources of ecological 
study, nature recreation, and neighborhood pride (J. Linton, pers. comm. 
to RDS). Knowledge and enthusiasm gained from these small, hopeful 
experiences can be contagious between peers, and even with other adults, 
which can have important repercussions for environmental awareness 
(Clayton and Myers 2009). Parents and teachers need to understand that 
nature is everywhere, even on an apartment balcony, and that children 
can be encouraged to embrace this nature as early as possible.

For students in their adolescent years, learning ecology through 
the observation of nature can have an important influence in shaping 
their personalities and fostering their enthusiasm about careers in ecol-
ogy and natural-resource conservation (Thomashow 2002). Even if this 
is not their priority, learning through observation of their environment 
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will help them to have a broader understanding of the world they live 
in and the consequences of their actions for the biosphere (Kaplan and 
Kaplan 2002). Nonetheless, teenagers usually feel alienated from nature, 
and short-term experiences in nature do not seem to change this notion. 
For example, Haluza-Delay (2001) reports that after a 12-day field trip 
teenagers felt that nature only exists in more pristine environments and 
that there is little they can do to conserve it. One way to break through 
this perceived barrier is to involve adolescents in a working project with 
direct consequences for their environment. For example, when teenagers 
help to survey and plan a protected area they can see the direct effects of 

BOX 9.1

Observing Invasive Species and Novel Ecosystems in Urban Areas

BRENDON L ARSON

I grew up in the countryside and my life as a naturalist derived from long hours 

spent rambling along a local creek, looking for new plant species, learning bird 

calls, and trying to catch that one big dragonfly that was always just out of reach 

of my net.

Unfortunately, such childhood experiences are increasingly uncommon. The 

majority of the world’s people now live in urban areas — and the percentage is 

increasing. The future of earth’s biodiversity will depend on the relationship — or 

lack thereof — that these people develop with nature. While some of them will visit 

“wilderness” areas, which themselves face greater and greater threats due to 

the global scale of our impacts, most of them won’t. Thus, their relationship with 

nature will mostly come about through observations of nature around them — in 

their backyards, local parks, and schoolyards, perhaps supplemented by a few 

transformative experiences outside of their urban homes.

Accordingly, ecologists need to reflect upon their own tendency to emphasize 

the importance of rare and endemic species found in protected wilderness areas 

that are too often distant from urban areas.

It is particularly useful to reflect on invasive species in this context. Urban 

environments are largely disturbed, which contributes to a preponderance of 

introduced and often invasive species.
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their actions (Thomashow 2002). Here we see a clear convergence between 
educational, psycho-social, and scientific outcomes, because this kind 
of “project-based” or “problem-based” learning is exactly what educa-
tion advocates are pushing for within and beyond the sciences (Darling-
Hammond 2008).

Unfortunately, the educational system for elementary and high school 
students is extremely classroom oriented, and the opportunities for out-
door educational activities compete with other educational needs. Our 
traditional educational systems are based on closed environments with 
occasional outside “breaks” that are not considered part of the curricula. 

It concerns me that so many environmental education programs now empha-

size the “horrors” of invasive species, when these are the species that comprise 

the natural environment of so many children growing up in urban areas. Often, 

they are taught such lessons at what I consider too young an age, when the 

emphasis should instead be on becoming comfortable, exploring, and playing in 

this environment.

While there are ecological lessons and distinctions here, I feel quite certain 

that the risks of educating students with the idea that these landscapes are 

tainted and unworthy is untenable. The students might not want to go back. 

Instead, show them plants and teach them their stories, maybe even highlight-

ing how these biological communities are now as cosmopolitan as contempo-

rary cities. Consider the ecological functions that these communities might 

serve.

This might even be a first lesson in scientific “objectivity,” in teaching them to 

observe the world around them before making judgments about its quality — per-

haps even learning how difficult it is to justify distinctions between “good” and 

“poor” quality. The jump to higher-level concepts related to biogeography, disper-

sal, and biodiversity can come later.

Such lessons might help to nurture these urban children’s urge to explore, 

much as I did, so that they grow closer to the nature that exists around them and 

perhaps even try to catch that one special living being that is just out of their 

reach.
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Certainly, most elementary education is not integrated directly with 
the natural world, and sometimes outdoor time is foregone completely. 
In part, this may be explained by a lack of adequate training for school 
teachers. In addition, there is a notion that outdoor activities are expensive 
and require larger organizational efforts (Brewer 2002). Finally, teachers 
at all levels report to us that the pressures to keep students inside has also 
increased in recent years as requirements for standardized testing have 
become overwhelming and fears about uncontrolled hazards in the out-
doors have gripped school administrators.

Yet ecologists and educators have designed several methods to 
increase children’s connections to nature, combining observation and 
experimentation with the latest techniques for effective learning (Knapp 
and D’Avanzo 2010). By no means do all such activities need to be formal-
ized. Non-curricular “informal science” activities such as creating native 
plant gardens or organic orchards or environmental filmmaking may also 
help to inspire a closer connection to nature in young students while pro-
viding improved learning outcomes overall (O’Neill 2005; Rennie et al. 
2003). Carol Brewer, a recipient of the Eugene P. Odum Award for Ecologi-
cal Education from the Ecological Society of America, has advocated for 
the use of schoolyards as outdoor biology classrooms (Brewer 2002). Based 
on experiences in North and South America, she has shown that areas 
close to schools, even in very disturbed environments, can serve as nature 
labs for students of all ages. Interestingly, most teachers initially admit 
they have difficulties in endorsing this idea, because “ecology happened 
on field trips” (Brewer 2002). However, given the appropriate conditions, 
teachers soon realize the advantages of using their own schoolyards for 
teaching ecology. First, it is much more affordable and less logistically 
complex than organizing field trips. Second, they can use it continuously 
over the course of a year. Third, and probably most important, it gives the 
students a sense of ecological place.

There are increasing opportunities for ecological education for all 
age groups. Many of these opportunities fit the same citizen-science 
model we discussed early, but provide platforms and incentives that are 
age and developmentally appropriate. For example, Rafe’s daughter at 
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age ten became enamored with the “Project Noah” website (projectnoah 

.org), which encourages young and old explorers to photograph natural 
organisms and post them to an account on the website. Other members 
of the site can then help identify the organism and add their comments. 
Achievement “patches” are awarded for reaching different goals, such 
as making 15 observations of amphibians, or participating in “missions” 
focused on particular taxa. Children who use the site are incentivized to 
get outside and observe, and by exploring the observations of other users 
throughout the world, and by considering the feedback they get on their 
own observations, they begin to learn the basics of classification, bioge-
ography, and ecology. Such a technology-enabled observational program 
creates opportunities for the youngest generation of “digital natives,” but 
it also raises questions about the appropriateness of technological inter-
mediaries between people and nature. Teachers who are starting to inte-
grate nature observation and technology are discovering firsthand the 
great promise and many challenges in this precarious interface, as Kristin 
Wisneski and Barron Orr share with us in Box 9.2. 

Ecological Observations in Higher Education

Values associated with nature are usually underrepresented in the aspira-
tions of young students when applying to college, especially in developing 
countries. This problem may, in the long run, undermine the development 
of disciplines associated with ecology and the conservation of nature. For 
example, in Chile, programs associated with nature conservation have 
proliferated in universities in the last two decades. However, they have 
not been able to attract students as expected. This may be because envi-
ronmental awareness has only recently become widespread in Chilean 
society, but also because students fear that the job market is not strong in 
conservation and life sciences – oriented career tracks.

Ecology education programs in schools may help to reverse this trend. 
In Chile, EXPLORA, a government-sponsored program aimed to bring 
science from the universities to high schools, has been particularly suc-
cessful in connecting environmental issues to their scientific underpin-
nings and attracting students to nature-related careers. Many students 



BOX 9.2

Taking Akshen in Communities and the Environment  

with Mobile, Social, and Geospatial Technologies
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Every moment spent outdoors offers a multitude of learning opportunities for 

youth and adults. Each opportunity begins with an observation. The things we 

see, smell, touch, taste, and hear are captured in our memories and ignite a 

reaction that has the potential to inspire and excite, stimulating our interest and 

imagination, creating the opportunity for discovery and learning. A new era of 

interaction with one another and our environment has arrived. Some say that 

firsthand experience of nature, especially by youth, should be untainted by 

the distraction of electronic devices. We have learned there are differences in 

devices and the levels of distraction they create when technology enters the out-

door classroom. A global positioning system (GPS) receiver that primarily deliv-

ers location information offers far fewer distractions than a GPS-enabled smart-

phone that can simultaneously provide access to the Internet and music, as well 

as multiple channels of communication and social networking. Electronic or not, 

distractions have always existed in the same space where learning takes place, 

and that space is increasingly being filled with ubiquitous access to — everything. 

Even as we find ways to create opportunities for youth to experience nature out-

side their digital environments, surely it behooves us as educators to explore 

ways of creating opportunities for observation and inquiry within the technologi-

cal space where so many youth want to spend their time creating and sharing 

information.

The challenge: youth are spending more time connected to the digital world 

while interest in science, technology, engineering, and math (STEM) declines. 

Is it possible that the same technologies that are used to enhance learning at 

school also mean increased “screen time” and therefore decreased physical 

activity and time spent outdoors in nature? Can we turn this problem into an 

opportunity with the rapid growth of mobile communication and location tech-

nologies? As part of an interdisciplinary team at the University of Arizona, we set 



out to understand where youth engagement, technology, and learning intersect. 

With a youth-driven, participatory, and formative research and development pro-

cess we designed and implemented smartphone applications (apps) for youth 

to collect observations for problem solving that would contribute to a collabora-

tive group database stored online in a social network called Akshen. The Akshen 

apps and website drew on our experiences from the past using GPS receivers, 

web-based mapping tools, and the scientific method. These experiences, com-

bined with contemporary and emerging educational theories and practices like 

problem-based learning (Bransford 2000; Hmelo-Silver 2004; Darling-Hammond 

2008), contributed to a framework for educators to help youth identify and solve 

problems in their communities and the environment. Youth who wonder why the 

wash or stream behind their house always has trash in it can create a team of 

friends to investigate and analyze the problem on a community-wide scale and 

then create a strategy to share information and mobilize community members to 

help discover solutions to the problem and create change. An afterschool youth 

group that lacks a physical meeting space can map out and analyze the safe and 

dangerous places in their community to determine ideal locations for a new youth 

center and bring their findings to city council.

Unlike traditional classrooms, the outdoor classroom aided by technology 

lacks physical and mental boundaries. Learning can happen anytime and any-

where. Youth enjoy making “posts” and “status updates” as they explore their 

community and environment. By placing these familiar and enjoyable experiences 

within the context of science-related problem solving, youth are informally learn-

ing new skills while developing knowledge and a greater understanding of their 

surroundings. In the process, they become aware of the community and environ-

mental challenges around them, and then learn how to pose good questions and 

collect the information necessary to answer those questions on the path toward 

finding solutions. Perhaps in the near future, “outside” will not only be the space 

between home and school, but the place where observations become the norm, 

making the outdoors less foreign and more a place to play, learn, and connect 

physically — and digitally — with the living world.
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who went through this program were later drawn to study science-related 
majors in their college years.

But the hands-on experiences that programs such as EXPLORA pro-
vide need to be present in the undergraduate environment in order to 
maintain the enthusiasm that they generate. At the higher-education level, 
field observation should be a natural part of learning and doing ecology, 
but unfortunately, students are being exposed to fewer field opportuni-
ties. This trend is being discovered with alarm in other higher-education 
fields, such as political science (Schwartz-Shea 2010), which has gone 
through its own retreat into reductionism and theory at the expense of 
scientists who understand political systems in a broad and comparative 
way through a background in field observation.

For students majoring in natural resources and related disciplines 
(e.g., agronomy, forestry) there is a good chance they will have opportuni-
ties to interact with and directly observe ecosystems in different states of 
human transformation. But not all programs, not all courses, and not all 
instructors pay the same attention to the importance of observing nature. 
Nonetheless, as with early nature education, we should not let the search 
for ideal observational experiences cause us to forego valuable opportu-
nities that are readily available. Even short field activities in university 
“backyards” during the semester can have disproportionate value. For 
example, Jake Weltzin, director of the U.S. National Phenology Network, 
set up a short hour-long field trip for one of Rafe’s courses to measure 
phenological stages (budding, flowering, fruiting, etc.) in a small desert 
native-plant garden on the University of Arizona campus. Although the 
experience was brief, students reported being much more aware of pheno-
logical phases in other plants in their desert environment in subsequent 
weeks. Likewise, a simple but informative exercise in an introductory 
ecology class is to divide the students in the field into small groups and 
ask them to record all the “elements” and “processes” they can observe 
with all their senses. When the groups reunite, those groups that worked 
in similar habitats may find that they have completely different “narra-
tives” of what they have observed. By transmitting these narratives to 
their classmates, they come to understand the value of having multiple 
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observers, and more important, they realize that they can also “create” 
ecological knowledge.

As with younger children, undergraduates’ experiences in obser-
vation and ecology are more strongly influential when combined with 
satisfactory personal psychological experiences. For almost ten years, 
Aníbal has been taking forestry students to one of the most marvelous 
national parks in Chile, Conguillio National Park, an intricate mosaic of 
volcanoes and monkey-puzzle trees (Araucaria araucana). The field day 
includes a hike to the treeline and multiple stations for the observation 
and discussion of ecology and protected-area management. Although not 
all the students are particularly focused on making careers of ecology and 
conservation, the shared feelings after this long day hike are amazement 
at the natural world and a sense of personal accomplishment. For some 
students, this first exposure to the elevational changes in vegetation and 
the beginning of the alpine zone, occurring amidst gorgeous surround-
ings and combined at different times during the experience with physical 
effort, solitude, team spirit, surprise, and achievement, leaves a deep, long-
lasting impression.

Of course, longer field courses bring a unique experience to under-
graduate students. For example, field-sampling techniques and field-
observation techniques are usually only learned over long periods in the 
field that are, unfortunately, unavailable during the regular semester, and 
such longer courses conducted during breaks are increasingly rare due 
to budget cuts, safety and legal concerns, and competing priorities for 
students’ time. But between brief mind-opening exercises and extended 
field-learning opportunities, active student participation in nature obser-
vation can be maintained, for example, by making a class requirement to 
keep a detailed field diary, which can comprise open-ended observations 
or responses to particular questions geared to the local environment and 
season.

Graduate school poses a new set of challenges for observations in 
ecology. When a recently enrolled PhD student starts out his research, 
there are basically two ways to figure out his dissertation theme. He may 
get a structured assignment from his adviser based on current grants, or 
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a chance to “wander around” through different topics and approaches 
(Nunez and Crutsinger 2008) and ultimately settle on a topic that is (with 
a little luck) both interesting and likely to be successful in the time frame 
of a dissertation. Unfortunately, pressure builds up to hurry up this pro-
cess and in many cases students know very little about their study system, 
but are pressured toward studies that have higher chances of publication.

This is not trivial. Accreditation processes, at least where we work in 
Latin America and the United States, increasingly emphasize the impor-
tance of reducing time until graduation. In addition, increasing competi-
tion among PhDs requires a larger number of publications to ensure a 
post-doc or faculty position. Are these two factors unequivocally conspir-
ing against observational methods in ecology? It depends. On first con-
sideration, it would seem that observational approaches necessarily take 
longer than other, more reductionist approaches, but this does not have 
to be the case. The smart use of existing data sets may help to compen-
sate for the uncertainties brought by observational approaches. Even if 
the PhD dissertation is mainly experimental, careful observations of the 
study system provide essential contextual frameworks for the research. 
Observations may facilitate hypothesis development, help to focus data 
collection efforts, and even reduce the risk of failed experiments.

Students are so eager to start generating results that can contribute to 
their dissertation goals that they may forget the need to understand the 
overall system they are studying. Professors often complain that students 
know a lot about their own work, but outside their particular experi-
ment or field samples they demonstrate little general knowledge. Even 
a brief pause to attend to observations of a system may be beneficial. For 
instance, if a student is interested in studying plant-plant interactions in 
a specific environment — a project amenable to experimental manipula-
tions — a short field season of recording the abundance, phenology, and 
spatial aggregation of the plants that constitute the model system may 
prove to be mind-opening and may even change the expected course of 
the research. Unfortunately, many students rely only on the literature 
and may be missing the opportunity to investigate novel hypotheses that 
arise only by observing the plants and their interactions in the field. The 
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role of professors here may be the same as the role of responsible parents 
in the twenty-first century — to push would-be ecological observers out 
of the confinement of the lab or the home and into the dynamic world 
around us.

Higher-education students can now stock their growing field knowl-
edge back into the earlier reaches of the learning stream through pro-
grams that give them the opportunity to teach ecological lessons to 
primary and secondary students. The GK-12 program, initiated by the 
National Science Foundation in the United States in 1999, brings graduate 
students into the classrooms of elementary and high schools (McBride 
et al. 2011). At the University of Montana, this program has included the 
promotion of schoolyards as outdoor laboratories to which graduate stu-
dents bring their own skills and interests — from soil ecology to plant phe-
nology to connecting young scientists with citizen-science efforts such as 
Project Budburst (budburst.org). The benefits of this exchange permeate 
in both directions. Graduate students improve their teaching skills and 
children and adolescents get exposed to both the enthusiasm of young 
scientists and the firsthand knowledge of researchers at the leading edge 
of research in ecology.

The Natural Draw of Observational Education

In this part of the book, we have discussed how ecology and the observa-
tion of nature can be integrated with many societal endeavors. As obser-
vation plays a key role in forming new directions in ecological science, 
and as this science is being shared more widely and with more conse-
quence than before (see Chapter 8), now is the time to ensure that educa-
tion at all levels trains new generations of citizens how to observe nature 
and how to understand those observations in the context of a dynamic 
social and ecological world.

Fortunately, there is an innate drive toward developing this kind of 
learning, which may only be superficially masked by the urban lifestyles 
and screen devotion that separate many of us from nature. This underly-
ing drive is often revealed in the subtle interactions that many field ecolo-
gists have had while doing fieldwork in a publicly accessible place, where 
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inevitably bystanders make wistful comments such as, “I wish I could do 
what you do. You get paid to go to places where I can only go on vaca-
tions.” Behind the naïve impressions of these inquisitors (they’re probably 
not thinking about the frustrating equipment failures, the relentless mos-
quitoes, or the endless process of writing and rewriting grants in order to 
get out into the field in the first place), there is a basic fact — as humans, 
we like to be in touch with nature, we like to observe nature, and we like 
to understand nature. Otherwise we could have not evolved into the spe-
cies we are now.

Sometimes we overlook this simple and logical connection, and we 
might even be alienating people from ecology by portraying this disci-
pline as a complex, abstract endeavor. At the same time, in a scientific 
sense, observation will not be useful unless we connect it to conceptual 
constructs that can be widely appreciated. The intuitive nature of obser-
vation-based ecology gives it a natural foundation for these constructs, 
while it also provides a source of tangible and readily accessible material 
with which to build connections between unique personal experiences 
(such as those generated in a field course or on a nature walk with field 
notebook and binoculars in hand) and advanced scientific knowledge. 
We conclude this book in the following pages with a glimpse of what we 
think the future architecture and architects of these societally integrated 
ecological constructs will look like.
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Science is often portrayed as an incremental process of building an edi-
fice of knowledge, brick by brick. The benefits of this approach are said to 
accrue from the precision and rigor that comes from studying a carefully 
chosen set of variables at small spatial scales. Robert Paine argues that the 
understanding of ecological systems at large scales can be built this way, 
noting, “Even the smallest bricks, if solid enough, can be used to con-
struct the largest building.” But this analogy and, by extension, this way 
of doing science, which served us adequately in the twentieth century, 
doesn’t hold up when we try to make sense of rapidly changing ecological 
systems that are increasingly intertwined with complex human behaviors. 
The problem is no longer how large we can make the building, but rather 
how quickly it can be made, and even whether a building is really what 
we need to bring together the growing body of scientific understanding of 
the world. The brick-by-brick approach would be fine if we had limitless 
time to build ecological understanding, but it is not scaled to the dimen-
sions of time in which we need answers right now. The foundation of ecol-
ogy — the natural world and its networked relationships — is collapsing 
faster than bricklayers can build an understanding of it.

Moreover, bricks don’t accurately reflect our current abilities or technol-
ogies. The structure of ecological science is now being built out of materials 
that are far more resilient and flexible, which allows us to quickly make 
large leaps in the construction of our understanding without sacrificing 
the strength of our inferences. Finally, the brick-by-brick analogy assumes 

Conclusions
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that what we want, and that the best we can aspire to, is a structure which 
is merely an enlargement of our small-scale view. A brick structure is lin-
ear and predictable, but the world we live in now is neither.

A Changing Landscape for Ecology

The accelerating change in ecological systems requires even more 
cohesion in ecological knowledge. Early predictions of how ecological 
systems would respond to climate warming assumed relatively linear 
changes — basically, species would march across lines of latitude toward 
the poles to stay within their physiologically optimal environments as 
temperatures warmed. But as these models became evermore complex, 
taking into account basic biological facts such as how shrub and tree spe-
cies have different constraints on how far they can relocate their ranges 
from year to year, scientists soon began talking about the future bring-
ing “no-analog” communities (Williams and Jackson 2007). That is, we 
can’t make a simple analogy that a birch forest of the future will be just 
like today’s birch forest, only shifted 500 km northward, because the com-
ponents of that forest will actually change their populations and sizes 
and physiology at different rates from one another. With increasing sce-
narios of biotic exchange and anthropogenic disturbances, we face the 
appearance of novel ecosystems (Hobbs et al. 2006), where our current 
ecological understanding may fail to predict new interactions, and our 
current methods of ecological restoration and management may not apply 
(Seastedt, Hobbs, and Suding 2008).

We have really already entered the era of no-analog ecology. There 
are multiple large-scale ecological changes that have few or no analogies 
in Earth’s history. An enormous trash gyre swirling in the Pacific. Entire 
bodies of water with no living thing in them. Nutrient concentrations 
higher than ever experienced before. Ecological science that assumes the 
past can be replicated infinitely into the future simply can’t survive in this 
no-analog world.

In a no-analog world, concepts developed in isolated small-scale envi-
ronments will be increasingly difficult to generalize. At the same time, 
observational historical data taken over short time scales, from single 
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sites, or on a small number of variables are only useful for telling us that 
change has occurred, but not how it occurred or whether similar change 
is likely in the future. Water managers for years thought that their cen-
tury or so of records from channel gauges were enough to establish the 
rules of floodplain management (Craig 2010). They used measures like 
the “100-year flood” to plan for worst-case scenarios as they engineered 
hardened solutions, like levee walls, to protect cities or maintain water 
supplies to agriculture. In our no-analog world, however, not only is the 
100-year flood an inadequate measure of the variation in water flows we 
see today, but a whole host of ecological changes, such as new invasive 
species, altered fire regimes, and changing patterns of human develop-
ment are changing the way any level of water flow will affect human and 
ecological systems (Betancourt in press).

To deal with these multiple levels of change with multiple causal 
drivers that are themselves changing, ecology needs to become a more 
adaptable science, and observation can be a catalyst for this adaptation. 
One hallmark of adaptable systems is an intensive ability to sense condi-
tions and variation in the world. This will require ongoing and expanded 
commitment to monitoring ecological systems in the future, and, ironi-
cally, greater attention to the past as well. Ecologist Julio Betancourt has 
written, “In the face of a nonstationary world, history is alive and well 
and historical ecology is more priceless than ever” (Betancourt in press). 
Betancourt’s point is that perhaps the only way we can see what is coming 
is by more fully exploring conditions of genetic structure, populations, 
and communities in relation to past climates and conditions so that we 
can isolate those modern factors that cause diversions from the historical 
patterns. Getting to this point, where ecologists can adaptively learn from 
the past, will require networks of observers committed to re-examining 
historical records with modern technology and knowledge, combining 
multiple historical records, and continuing record keeping into the future.

But just as organisms must both observe change in the world and 
change themselves in order to be adaptable, ecology must use its expand-
ing observational capacities to facilitate its own change. In this book we 
have argued that ecology is already being pushed, and is pulling itself, into 
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new niches that will make it more adaptable and useful to the challenges 
of this century. In a way, this transformation is just an accelerated ver-
sion of the usual metamorphoses of science. Different fields of science and 
even sub-branches of fields like ecology are always in flux with regard to 
dominant approaches and methodologies. Through the years, ecology as 
a whole has shifted from a science of observation and discovery to one of 
experimentation and theory and now to a science in which observations 
can be used multi-modally — building up an inductive understanding, or 
deducing mechanisms in a strong-inference framework. What we see now 
is an ecology that has grown recursively from all of these early stages into 
a more integrated science that will, overall, trend toward greater integra-
tion in the future. E. O. Wilson was prescient about these integrations in 
his 1998 book Consilience (Wilson 1998), which was received with some 
skepticism by the scientific community, but in a very short time many of 
the visions he laid out have come to pass.

Even as ecology flows toward greater use of observation and as it 
braids out to meet other disciplines, there will be important back-eddies 
that enrich the science in their own way. Some aspects of observational 
ecology, especially its newest branches, will most likely turn into manipu-
lative sciences. For example, environmental genomics is still just stretch-
ing out from work with “model systems” in the laboratory to a descriptive 
phase in which patterns of gene expression are correlated with the varying 
environmental conditions observed where the specimens were collected 
(Eckert et al. 2010). But as technology and our understanding of genom-
ics increases (and the cost in time and money for conducting genomics 
research continues to plummet), undoubtedly a heavy focus on manipu-
lating variables and identifying genome-wide responses will eclipse the 
exploratory mode of today (A. Hancock, pers. comm. to RDS, Feb. 2011).

In other cases, old speculative ideas are reemerging as exploratory 
and descriptive sciences with impressive new powers. In the early twen-
tieth century both Warder Allee and Edward Ricketts made forays into 
what we now call network science. Allee felt that a kind of adaptability 
was conferred to populations that were “subdivided into many small local 
populations almost but not quite completely isolated from each other” 
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(Allee 1938). Ricketts in his notes envisioned “an exact and a quantitative 
science in which the vectors representing [ecological] relationships, their 
direction, extension, and strength or intensity, would be considered and 
evaluated” (Tamm 2004). These quotations encapsulate both the descrip-
tive and analytical aspects of modern network science, but their authors 
probably couldn’t have fully realized its role today as a multi-functional 
observational tool. Network science has produced a set of theories about 
dynamic relationships that can be tested with experiments on everything 
from social insects to food webs to the relationships of movie stars (Bara-
basi 2003). Network science connects pattern to process, as in the observa-
tions of the changing relationships of the 9/11 terrorists, which provided 
deep insight into the mechanisms of their operation (Sageman 2004; 
Krebs 2002). It also provides a map and strategies for improving commu-
nication and productivity among scientists, as we discussed in Chapter 
6. And it can be used as an analytical tool that works universally across 
disciplines for making sense of a complex world. Ecologist Eric Berlow, for 
example, gave a brilliant three-minute TED (Technology, Entertainment, 
and Design) talk in Oxford in 2010 that used the same network analysis 
he applies to Sierra Nevada lake food webs to transform a complicated 
government-created diagram of U.S. strategy in Afghanistan (which had 
been universally ridiculed in the media) into a very small set of truly 
actionable tasks (Berlow 2010). The ability to turn ideas that were once 
only conceptual into practical tools applicable across disciplines is one 
reason that twenty-first-century ecology is so exciting and so powerful.

Integrating the Human Element of Ecology

There is now a growing and increasingly irresistible gravitational pull 
between the changes occurring to ecological systems and the way we 
study those changes. In almost all cases, humans are generating that force. 
The impacts of humans on ecological systems have been abundantly well 
documented, from local to global scales. But for a long time, ecologists 
either ignored humans, or at best treated them as a black box, a myste-
rious “dark force” that had an effect on the systems we were studying, 
to be sure, but one we didn’t really want to delve into too much. Ecolo-
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gists rarely incorporate human behavior directly into their experiments or 
observations, as if human behavior were just something that happens to 
a system which has been studied in detail, rather than an integral part of 
that system’s ecological dynamics. Ivar and Iver Mysterud, refer to this as 
“research escapism” (Mysterud and Mysterud 1994) with potentially det-
rimental consequences, both in academic terms of making ecology appear 
to be far more narrow a science than it should be, and in real terms of 
limiting how well we understand ecological systems as a whole.

We now have the ability, and many would say the responsibility, to 
become more active in how we deal with human impacts on ecological 
systems. This doesn’t mean just becoming a scientific advocate for envi-
ronmental protection, although that is still sorely needed 50 years after 
Rachel Carson stuck her frail neck into the political fray with the publica-
tion of Silent Spring. It does mean integrating people and their behaviors 
into our hypotheses, our models, our experiments, and our observations. 
Just as physicists are now boldly examining the very nature of the dark 
forces and dark energies that once just muddled their calculations, we too 
can get down to the first principles of human behaviors and their effects 
on ecology. Fortunately, we don’t need multibillion-dollar particle accel-
erators to explore our dark forces. We just have to bring them to light by 
talking with people and working with them and studying their evolution, 
exactly as we’ve been doing with all the other living things.

Beyond Bricklaying: The New Architects and Architecture of Ecology

Who is and who will be driving this transformation of ecology? To use 
an ecological metaphor, ecologists for decades have debated whether the 
primary driving force in a particular ecological system was “top-down” 
(having to do with top predators controlling the dynamics of species 
below them) or “bottom-up” (being controlled by the amount of primary 
productivity in the system). The answer, not surprisingly, is that it’s some 
of both, depending on where and when you study it (and by the way, all 
answers are subject to alteration due to climate change). To usefully cap-
ture this moment in history, ecological science itself will likewise need to 
rely on both top-down and bottom-up forces.
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Top-down change is occurring in ecology, but much more slowly than 
bottom-up transformation, which seems to be happening automatically, 
as a natural adaptive response to our changing world. In the ecology of 
the science of ecology, the top-down forces tend to be faculty committees, 
editors, and review panels made up of mid-career and senior scientists 
who determine who gets jobs, journal publications, and research funding. 
But the primary productivity is ideas, and these can be equally owned 
by senior researchers or the newest ecologists. Indeed, today’s students 
are embracing interdisciplinary observational methods and even teach-
ing them to their advisors. These students will eventually develop and 
become tomorrow’s top-down forces as they take roles as faculty chairs, 
foundation program officers, and editors, but this will take a long time.

Thus, it is incumbent upon today’s leaders and gate keepers in ecol-
ogy to reexamine the inherent assumptions and reflexive biases that we 
have all developed through time. A good place to start is by counting 
to ten every time we feel the urge to comment on a grant application or 
announce after a seminar, “Correlation does not imply causation,” or “You 
can’t infer process from pattern,” or “Sounds like a fishing expedition.” 
This pause for careful reconsideration might give us the opportunity to 
reflect more deeply upon the nature of the research itself, which is almost 
surely to be different from the type of research done when these phrases 
became clichés of twentieth-century ecological criticism. Then we can get 
to the questions that really matter in a practical sense for the future of 
ecology. Does the “sure thing” that a proposed set of carefully controlled 
small-scale experiments promises to yield make it inherently more fund-
able than a less-certain, more open-ended, but potentially more valuable 
observational study? Will a job candidate who has published eight good 
articles within a well-defined subdiscipline really be more valuable to the 
department than a candidate with a handful of articles scattered across 
disciplines and a couple of newspaper op-ed pieces and her own citizen-
science program for K-12 students? There is no one correct answer to these 
questions, and that’s exactly the point. In a changing world, anything that 
once sounded like a truism, a general law, or a “no-brainer” needs to be 
reexamined. We need to reevaluate the role of ecology in society, how 
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much ecology is helping society, and how society values ecology. Obser-
vation may help us both to integrate society into ecology and to increase 
the value of ecology for society.

Over 100 years ago, Teddy Roosevelt derided the brick-by-brick kind 
of science he first encountered at Harvard, noting in a letter to George 
Bird Grinnell, “I know these scientists pretty well and their limitations 
are extraordinary, especially when they get to talking of science with a 
capital S. They do good work, but after all, it is only the best of them 
who are more than bricklayers, who laboriously get together bricks out of 
which other men must build houses; when they think they are architects 
they are simply a nuisance” (Cutright 1985). In his frustration with this 
mode of science he switched his career path from biology to politics, and 
ultimately he had a far greater impact on ecological systems and ecologi-
cal science than if he had forced himself to follow the path of a bricklayer. 
He created the U.S. Forest Service and several major national parks and 
monuments. These not only protected nearly a million square kilometers 
of natural lands in his time, but created a legacy of ongoing landscape 
and biodiversity protection that has been emulated throughout the world. 
These lands then provided the spaces and questions on which many eco-
logical studies have been conducted.

Roosevelt’s personal transformation and the outcomes of that transfor-
mation were due to an idiosyncratic series of events that would have been 
entirely unpredictable. And yet it’s no accident that the central player in 
this chaotic drama was an ecologist at heart. What Roosevelt brought to 
his political career came from his long hours in the field as an observer 
of nature — the ability to articulate connections across scales and fields of 
inquiry, and the intimate knowledge that energetic relationships rule all 
dynamics, whether they be between predators and prey or between political 
parties. These same skills are exactly what today’s ecologists and the people 
we work with will need in order to create the kind of transformations neces-
sary if we are to understand and protect ecological systems in this century.

There’s no magic to developing these skills or using them. We’ve known 
how to do it since we were first human, intensely observing the world 
and recording those observations in stories, paintings, and in the ways in 
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which we use natural resources. The problem now is that we have become 
so disconnected from the natural sources of our skills. This, in turn, starts 
a downward spiral, as described by Paul Dayton and Enric Sala (2001), in 
which the disconnection from nature leaves fewer people to care for and 
steward natural resources, and the degradation of nature that results leaves 
less people interested in or able to connect with it. We are at the point in the 
history of ecology and in the history of humanity’s relationship to nature 
where we can, and must, turn this cycle of loss into a cycle of gain.

A renewed, more open, and more observational approach to ecology 
can be the catalyst for reversing the cycle. Opening our senses to changes 
and connections in the world, and teaching others how to open their 
senses, is just the first step. Fortunately, in the world we live in today, 
this process of discovery doesn’t have to end with a collection of curious 
observations. We now have the holistic vision and the tools to see at once 
how each observation can connect to another, and how vast collections 
of observations — culled from all over the world and across long gaps in 
time — can help us understand a complex, interconnected, and relentlessly 
changing planet.
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