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Although there is a sense in which the environment has always surrounded us, 
these days it somehow manages to seem more ubiquitous than ever. On the 
largest of scales, climate scientists warn us of the consequences of greenhouse 
gas emissions for our global environment, while planetary scientists, aerospace 
entrepreneurs, and writers of speculative fiction imagine what would be re-
quired for us to flourish in the harsh environment of space or on the surface 
of other planets. Back on Earth, conservation biologists and the administrators 
of national parks and other protected areas manage the environments of en-
dangered species and ecosystems across vast swaths of land and water, while 
people whose lives depend on forests and fisheries worry about the continental 
and oceanic environments that sustain those resources. In cities and other 
heavily settled areas, public health experts and card- carrying “environmen-
talists” seek to reduce air and water pollution and other ambient risks. Mean-
while, health and safety specialists provide guidance for creating the most 
supportive and productive environments possible within homes, schools, and 
workplaces. We even carry our own environments around with us: biologists 
claim that what the French physiologist Claude Bernard dubbed our milieu 
intérieur in the mid- nineteenth century is vital not only to the functioning of  
our own cells and organs but also to the survival of bacteria and other non-
human members of our microbiome, which in turn help us regulate our re-
lationship to our surroundings.1 In that respect, we are environments just as 
much as we are in environments; we both surround and are surrounded.

If the environment seems to be waiting for us wherever we go, so does en-
vironmentalism, even if we limit ourselves to looking only for what one might 
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2 Introduction

call the “official” environmentalism of laws, regulations, treaties, government 
agencies, and nongovernmental organizations. Since the 1970s, environmental 
agencies and ministries have become fixtures of many national, regional, and 
municipal governments, while international environmental treaties have con-
tinued to grow in their coverage and complexity, even in the face of vigorous 
opposition. Beyond the legislative and diplomatic domains, new nongovern-
mental environmental organizations emerge on a regular basis, each competing 
with the others to inspire action, raise funds, and influence policies that will 
minimize or at least manage the harmful effects of human activities on the 
natural world and human health. In the private sector, advocates of corporate 
social responsibility argue that environmental and financial aims can be har-
monized. In 2018, for example, the Starbucks coffee chain— the world’s larg-
est, with more than 27,000 stores— announced its Greener Stores initiative, 
which aimed to set “a new standard for green retail.”2 Meanwhile, in academia, 
environmental studies programs established decades ago are being revitalized 
alongside new programs in the environmental humanities.

Regardless of our involvement with or even support of official environ-
mentalism, environmental concerns also shape the mundane details of our 
everyday lives. Many of us haul our recycling to the curbside in an attempt 
to compensate for a culture of disposability, or simply because we are legally 
required to, while the most motivated among us purchase carbon offsets to 
mitigate the impact of our air travel on the global climate. The design of the 
automobiles we drive— just like those of the buses, trains, and airplanes we 
ride— has been shaped by environmental legislation that seeks to conserve 
resources and minimize pollution through fuel efficiency standards and emis-
sions tests. When we check into hotel rooms, we are offered the opportunity to 
help save the environment by reusing bath towels and declining housecleaning 
services, while in public restrooms we encounter paperless hand dryers and 
low- flow toilets accompanied by self- congratulatory environmental signage. 
The office buildings in which we work and the coffee we drink at our desks 
both come with green certifications. Those of us who make our living by hunt-
ing, fishing, or farming— or who seek out such activities in our leisure time— 
must often navigate thickets of environmental regulations before we can fire a 
gun, bait a hook, or plant a seed. To the extent that our identities are shaped 
by the material worlds we encounter on a daily basis, it seems we are all envi-
ronmentalists now, whether we want to be or not.

At the same time, both the environment as a material reality and environ-
mentalism as a social movement seem increasingly troubled. Even as some 
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environmental problems are solved, the severity of others continues to mount. 
On the positive side of the balance, populations of some of the world’s most 
iconic endangered species, including the bald eagle and the giant panda, are 
on the rebound, while rivers in many places are cleaner than they have been in 
decades. The use of certain kinds of toxic chemicals— including the bête noire 
of the environmental movement of the 1960s and ’70s, the pesticide DDT— 
has been restricted to only the most urgent applications or eliminated entirely. 
The depletion of stratospheric ozone, which threatened to heighten human 
skin cancer rates by increasing the amount of ultraviolet radiation reaching 
Earth’s surface, has been largely reversed. Take a step back, however, and such 
successes can seem like islands in a rising sea of environmental harms and haz-
ards. Even as a few species recover, a few rivers grow cleaner, and a few toxic 
chemicals are banned, biodiversity continues to plummet globally, climate 
change accelerates, and microplastics, endocrine disruptors, and other new 
forms of life- threatening contamination of our shared surroundings continue 
to proliferate. As China, India, and other developing economies industrialize, 
moreover, some of the forms of air and water pollution that environmentalists 
in the developed world believed they had conquered decades ago are reemerg-
ing on a vastly larger scale.

In part because of this mixed record, environmentalism as a social move-
ment has also come under fire. Although it is difficult to find anyone, regard-
less of where they stand on the political spectrum, who is opposed to a sound 
and healthy environment, there is little consensus over what that means or 
how to attain it. Surveying the state of environmentalism in 2008, the historian 
and activist Jenny Price described it as “a grab- bag of available causes and 
rhetorics old and new,” including some she deemed to be of questionable 
value.3 However inspiring environmentalism may have been in the early days 
of Rachel Carson and her fight against “biocides” such as DDT, Price and 
others have argued, the movement’s apocalyptic imagination, precautionary 
pessimism, pervasive bureaucratization, and repeated failures to prioritize eq-
uity and justice have weakened its ability to improve urban health, mitigate 
climate change, or respond to a range of other environmental threats. Even 
environmentalists of a less critical bent sometimes sink into pessimism, argu-
ing that although the fight to save the environment was and is a noble one, it 
is time to admit that the battle has been lost and to begin adjusting to a new 
and diminished world. Meanwhile, critics from both the left and the right have 
characterized environmentalism (not without justification) as an effort to shift 
the burdens of development or the costs of quality of life from some people 
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to others. The environment may be everywhere, but the question of how we 
should relate to it remains deeply contested.

Q u e s t i o n i n g  t h e  C o n c e p t u a l  F o u n d a t i o n s 
o f  E n v i r o n m e n ta l i s m

Beneath these disputes and disillusionments lie even more fundamental 
doubts about the moral and conceptual foundations of environmentalism. One 
of these doubts concerns the very possibility and desirability of “saving the 
environment.” Over the past several decades, an increasing number of scholars 
and activists have argued that, however well intentioned it may be, the impulse 
to “save” the environment reflects precisely the kind of hubris and sense of 
separation from the natural world that got us into trouble in the first place. 
Rather than treating the environment as if it were an object we can choose to 
ruin or save— that is, as something that is both separate from us and subject 
to our control— they argue that we should be learning to dwell responsibility  
within it. Since the 1990s, spurred both by the rise of right- wing and liber-
tarian anti- environmentalism and by critiques from within, calls have grown 
louder to reorient the environmental movement away from saving pristine 
nature and toward taking responsibility for a world profoundly reshaped by 
human activity.4 Some have even argued that the extent of that reshaping is so 
broad that the geological and historical epoch we live in ought to be called the 
Anthropocene, the age of humanity.

If the idea of saving the environment has been called into question even 
among committed environmentalists, so has the concept of environment itself. 
In fact, doubts about the value of the concept are not new. Since the emergence 
of the modern environmental movement in the 1960s and ’70s, critics have 
argued that the concept encourages a spurious distinction between physical 
environmental problems such as pollution or resource exhaustion, on one 
hand, and social, economic, and political concerns, on the other. In the United 
States, for example, the home of one of the earliest and most vigorous national 
environmental movements, environmentalism was seen by some advocates of 
the antiwar, civil rights, feminist, and labor causes as a distraction. Among 
other things, they argued, it tended to gloss over the very real differences in 
the environmental challenges faced by different communities. By the 1970s, the 
anarcho- socialist theorist Murray Bookchin, who had embraced the concept 
of environment in his 1962 book Our Synthetic Environment, was encouraging 
his readers to focus instead on what he called “social ecology.”5 Compared 
to “environmentalism,” he argued, “ecology” encouraged an approach to the 
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human surroundings that was less instrumental and more attuned to matters of 
injustice and oppression.6 Such critiques continue to be made today, leading 
some activists whose concerns might seem at first glance obviously environ-
mental to eschew the term environment entirely.

In recent decades, even the viability of the concept of environment in a 
scientific context has been called into question. A growing number of biol-
ogists in particular have challenged the utility of dividing the world into or-
ganisms and environments and of seeking to explain the former in terms of 
their adaptations to the latter. Since the 1980s especially, biologists have de-
veloped a variety of metaphors, frameworks, and research programs that reject  
the conventional organism/environment distinction, working under labels 
such as developmental systems theory, niche construction, the Gaia hypothe-
sis, and the extended evolutionary synthesis. The evolutionary biologist Rich-
ard Lewontin, for example, has argued that “genes, organisms, and environ-
ments are in reciprocal interaction with each other in such a way that each is 
both cause and effect,” making it impossible to draw neat lines between them 
that are valid under all conditions.7 Even if the concept of environment need 
not be entirely abandoned, he and other heterodox biologists have suggested, 
it needs to be radically rethought. Controversial when first introduced in the 
1980s, such ideas have become increasingly mainstream in recent years.

Responding to these critiques from environmental activists and scientists as 
well as to developments within their own disciplines, scholars in the human-
ities have also questioned the value of thinking environmentally. In doing so, 
they have both built on and transcended a longstanding tradition of critiquing 
specific forms of environmental thought, from the intellectual historian and 
philosopher Georges Canguilhem’s 1952 critique of mechanistic understand-
ings of the “living and its milieu,” to the anthropologist Tim Ingold’s 1993 
analysis of the paradoxes of the idea of “global environment,” to the environ-
mental historian Linda Nash’s 2006 account of the emergence of a “modern” 
concept of environment as passive, homogenous, and clearly demarcated from 
the body.8 At the heart of these critiques is a concern with the way the scientific 
concept of environment— which is also the concept of environment most often 
deployed in official environmentalism— seems to evacuate agency, experience, 
and embodiment from our understanding of life. Ingold, for example, has ar-
gued that conventional scientific understandings of the environment should be 
replaced with an embodied and local “mode of apprehension” that is “based 
on an active, perceptual engagement with components of the dwelt- in world, 
in the practical business of life, rather than on the detached, disinterested ob-
servation of a world apart.”9 Like the heterodox scientists mentioned above, 
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these critics seek to rethink the concept of environment rather than rejecting 
it outright.

The fact that even many of the harshest critics of environmental thought 
have sought to somehow recuperate the concept reflects how deeply it has 
become embedded in our discourse. In recent years, however, the possibil-
ity of abandoning the concept entirely has been broached by a number of 
scholars.10 If living beings are never really completely stable or self- contained, 
they suggest, it might be a mistake to place so much weight on a concept that 
divides the world into surroundings and the things they surround. “How on 
earth are you going to make the calculation of selfish interest and fit between 
‘an organism’ and ‘its environment,’” Bruno Latour asks, once you recognize 
“that the outside of any given entity (what used to be called its ‘environment’) 
is made of forces, actions, entities and ingredients that are flowing through 
the boundaries of the agent chosen as your departure point”?11 Similarly, asks 
Donna Haraway, “what happens when the best biologies of the twenty- first 
century cannot do their job with bounded individuals plus contexts, when 
organisms plus environments, or genes plus whatever they need, no longer 
sustain the overflowing richness of biological knowledges, if they ever did?”12 
That such critiques are framed as questions suggests the difficulty of leaving 
the concept of environment behind; that they are being posed at all suggests 
that there are serious problems with the way the concept is being understood 
and used today.

H i s t o r i c i z i n g  t h e  C o n c e p t  o f  E n v i r o n m e n t

Even if still tentative, these challenges to a concept that was long considered 
self- evident raise an important set of questions for historians who are con-
cerned with past and present relationships between humans and their material 
surroundings. If the concept of environment does in fact profoundly misrep-
resent the nature of those relationships, how did it nonetheless become so 
central to the way we talk, think, and act? How far back in time, distant in 
space, or different in culture do we have to go to find people who have no use 
for it, and how close might be a future in which it is no longer of interest to 
anyone but historians? Most broadly, over the course of the concept’s history, 
how have we changed not merely what we think about the environment but 
also what we think an environment is? These are questions to which historians 
concerned with changes in the material environment and in the ways humans 
have related to that environment— that is, “environmental historians,” as they 
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have been known since the 1970s— have paid surprisingly little attention. Even 
the enormous literature on the history of environmentalism, one of the cen-
tral topics of environmental history, has barely touched on the history of the 
concept of environment, instead concentrating on the history of disputes over 
whether and how to protect an environment whose character and importance 
are assumed to be transparently obvious.13

This is not to say that environmental historians failed to critically examine 
any of their fundamental concepts. On the contrary, as the field expanded in 
the 1980s and ’90s, they joined scholars in many other fields in the human-
ities and social sciences in questioning concepts they had hitherto taken for 
granted, from gender to technology to what was perhaps the master concept 
of the humanities and social sciences in the late twentieth century, “culture.”14 
Paradoxically, however, environmental historians chose not to focus their crit-
ical attention on “environment”— the concept they had chosen for the name 
of their subfield— but rather on “nature,” which to many of them seemed both 
synonymous with and more fundamental than “environment.” Beginning in 
the early 1990s, the US environmental historian William Cronon led the field 
in challenging the idea that “nature,” and particularly its embodiment in sup-
posedly pristine “wilderness,” was something that stood outside of human 
culture and could be used as a metric of human progress or a foundation 
of human history.15 On the contrary, he argued, “nature” was a profoundly 
human concept with a history of its own. Over the course of the 1990s and 
2000s, historians inspired by such arguments produced a number of “hybrid” 
environmental histories that started from the premise that nature and culture 
were always inextricably entangled.16

One of the curious consequences of the decision to focus on “nature” as 
a key concept was that “environment” almost entirely escaped examination 
in its own right. For those who assumed that the two terms were effectively 
synonymous and that environmental history could therefore be defined as the 
history of human relationships to nature, there was nothing surprising or con-
cerning about this. On the contrary, by historicizing “nature,” they believed 
that environmental historians had done the work necessary to allow their field 
to mature beyond its activist roots. Indeed, they argued, it gave them a critical 
stance from which to reevaluate the history of the environmental movement, 
and perhaps even to shape its future. If historical research showed that nature 
was always entangled with culture, then the environmental movement’s focus 
on protecting only one form of that entanglement— that is, the kind of natural- 
cultural hybrid most visible in national parks and wilderness areas and other 
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places where evidence of human activity was at a minimum— was at best my-
opic and at worst actively harmful. A new and improved environmentalism, 
they argued, would also attempt to protect the nature that was entangled with 
culture in cities and suburbs, offices and factories, homes and neighborhoods, 
and farms, forests, mines, and other working landscapes.

In addition to providing grounds for rethinking the contemporary environ-
mental movement, environmental historians’ focus on “nature” also shaped 
their scholarship on the history of environmentalism. If environmentalism was 
about an individual’s or a society’s relationship to nature, broadly conceived, 
then its roots were both deep and broad. Not only could the environmental-
ism of the 1960s and ’70s be seen as an extension and transformation of the 
nature protection and conservation movements of the late nineteenth century  
and early twentieth, it could also be seen as a continuation of much earlier 
movements for the management or preservation of forests, water, wild animals, 
or other aspects of the nonhuman world. Indeed, anywhere that historians 
were able to find evidence that people had consciously attempted to ensure 
that they were surrounded by conditions vital to their survival— that is, virtu-
ally everywhere in the historical record— they could claim to have found one 
of the “roots” or “origins” of environmentalism.17 Moreover, by focusing on 
one or the other of these roots, historians could seek either to reinforce or to 
challenge certain aspects of present- day environmentalism according to their 
vision of how it could and should develop in the future.

It is only very recently that environmental historians have begun to turn 
their attention to the history of the concept of environment as distinct from the 
concept of nature. In doing so, they have begun to reveal a story that is quite 
different from the ones they have told about environmentalism to date. In this 
emerging story, environmentalism is not best understood as the modern man-
ifestation of a concern with nature that can be found in a diverse range of cul-
tures but rather as something far more specific— namely, the practices, values, 
and ideas that have coalesced among specific groups of people when they have 
adopted the concept of environment as a foundation for understanding the 
world around them. Often influenced by the history of science, this emerg-
ing body of scholarship assumes that objects of knowledge and concern such 
as “the environment” have not always been conceptualized in the forms we 
know them today but instead have emerged at particular historical moments 
and have continued to change over time.18 The aim of such scholarship is not 
to add to the already enormous “roots and origins” literature, but rather to 
explain how and why groups of people in various times and places have char-
acterized their concerns in explicitly environmental terms and taken action  
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accordingly. The most ambitious and wide- ranging attempt along these lines 
is a collaborative project by Paul Warde, Libby Robin, and Sverker Sörlin that 
has resulted in a series of articles, a volume of primary sources with commen-
taries, and the book The Environment: A History of the Idea, which describes 
the emergence of “the environment” as the focus of scientific and political 
concern in the second half of the twentieth century.19

The present book builds both on the well- established body of scholar-
ship that seeks the roots of environmentalism as commonly defined today and 
on this much smaller, more recent body of scholarship concerned with the 
historical emergence and transformation of the environment as an object of 
knowledge and concern. Like the former, it is motivated by a concern with 
today’s urgent environmental problems, and it sees historical scholarship as 
one way of clarifying how we got here and where we are going. Like the latter, 
it relies on the historical record to find out what people in the past thought 
“environments” were and how those people protected, managed, improved, 
exploited, or otherwise interacted with them. However, while most of the lat-
ter body of scholarship focuses on the emergence of the notion of a singular, 
universal, or global environment in the decades following World War II— that 
is, “the environment” as we now usually conceive of it— this book begins its 
narrative in the late eighteenth century and includes a much wider range of 
variations on the concept of environment and the diverse environmentalisms 
that have been associated with them. The aim in doing so is to gain a better 
understanding of the past while also becoming more sensitive to the breadth of 
efforts underway today to reinvent the concept of environment for new needs 
and circumstances.

M a t e r i a l i z i n g  a  M u lt i p l i c i t y  o f  E n v i r o n m e n t s

Perhaps the most straightforward way to discover how and why people have 
adopted the concept of environment is to search for moments in history when 
they began to speak explicitly about “environments,” to identify a particular 
set of concerns as “environmental,” to describe themselves or others as “envi-
ronmentalists,” or to identify a theoretical framework or political ideology as 
“environmentalism.” This word- centered approach quickly reveals that the 
concept of environment has a history that long predates the modern environ-
mental movement but that is perhaps not quite as long as one might think. 
Although the word environment and its variants make occasional appearances 
in English texts as early as the beginning of the eighteenth century (and can 
be found much earlier in French), they did not come into wide usage in any-
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thing like their modern senses until the second half of the nineteenth century.20 
Indeed, environment sounded so awkward to early nineteenth- century ears 
that a friend of the Scottish writer Thomas Carlyle, who began using it idio-
syncratically in some of his essays of the 1820s and 1830s, chided him for the 
appearance of what he considered to be a “positively barbarous” neologism.21 
By the late nineteenth century, however, many speakers of English found the 
term environment not only inoffensive but indispensable, even if the meanings 
they gave it and the stakes of the debates they had over it were quite different 
both from Carlyle’s and from today’s.22

Nor was this development unique to speakers of English. During roughly 
the same period, speakers of other European languages were adopting equiva-
lent terms or beginning to use existing terms in similar ways, including milieu 
in French, Umwelt in German, and ambiente in Spanish. In other words, long 
before the emergence of the modern environmental movement in the mid- 
twentieth century, environment (or its equivalent in other languages) became a 
useful word for many groups of speakers. Following patterns of word usage can 
only take us so far, however. For one thing, it is obvious that people can share 
a concept even if they use different words to describe it, just as they can use 
the same word to express different ideas. As the various schools of the history 
of ideas, conceptual history, and intellectual history have taught us, while the 
appearance of new words can signal important conceptual shifts, determining 
the nature and significance of those shifts requires additional work.23 In the 
case of the concept of environment, we need to remain open to moments when 
people are describing or encountering their surroundings in recognizably en-
vironmental terms even if they are not using the word environment itself.

This book takes two approaches to this problem. One is to work backward 
from people who explicitly used the term environment to others who, in the 
view of those historical actors themselves, had previously sought to express 
similar ideas in other terms. In the mid- 1850s, for example, the British philos-
opher Herbert Spencer began using environment to describe the conditions 
to which individuals adapted. Although he denied the influence, it seems very 
likely that he borrowed the term from Harriet Martineau, who had first used it 
in The Positive Philosophy of Auguste Comte, her 1853 translation and conden-
sation of the voluminous work of the French philosopher.24 The French term 
that Martineau was translating was milieu, which Comte had begun using in 
a distinctive sense in the 1830s. Comte, in turn, based his understanding of 
milieu on decades of research by French naturalists into relations between 
what they called “organized bodies” on one hand, and their “conditions of 
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existence” or “surrounding circumstances,” on the other. Even though none 
of these earlier naturalists deployed the terms milieu or environment in the 
modern sense, they are an important part of the story of how those terms came 
into widespread use in the French and English languages.

This book also traces the concept of environment forward from people 
who explicitly used the term environment to others who were influenced 
by them. It does so by paying close attention to how the concept of envi-
ronment has been embodied in practices, technologies, and social relations 
as well as in speech and text. In numerous cases, scientists have developed 
instruments and research practices on the basis of their understanding of 
the environment that have later been adopted by others who use them in 
similar ways for similar purposes even though they never deploy the term 
environment to describe what they are doing. Among the women who led 
the settlement movement in the United States at the end of the nineteenth 
century, for example, there were many who did not talk about their work in 
explicitly environmental terms but who borrowed techniques of social reform 
that Jane Addams and others had developed within an explicitly environ-
mental framework. They are therefore an integral part of the history of the 
concept of environment. By following such tacit connections, this book offers 
what John Tresch has called a “materialized” intellectual history— that is, one 
that works from the premise that concepts become compelling and widely 
adopted because people put them into practice by transforming the material 
and social worlds around them.25

This is the very specific sense in which this book is a history of both envi-
ronments and environmentalisms. That is, it is not mainly a history of how en-
vironmentalists have sought to protect the environment— a subject on which 
many books have been written— but rather a history of how the very idea of the 
environment has been materialized or put into practice in particular settings. 
In this sense, it is an environmental history of the concept of the environ-
ment, one that seeks to situate environmentalisms in various times and places. 
This may sound very similar to that staple of historical scholarship known as 
“contextualization,” but there are some significant differences. Like contextu-
alization, “environmentalization” helps us understand an otherwise isolated 
historical entity, event, or concept as part of a larger world or a longer or more 
complex narrative. Whereas the notion of context calls our attention to rep-
resentation and interpretation, however, the notion of environment calls our 
attention to the material conditions that are essential for any entity, including 
a concept, to emerge and to persist. The context of environmental medicine 
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in the British Empire consists of social, economic, political, and cultural fac-
tors; its environment is all of that, as well as climates, diseases, landscapes, 
technologies, and bodies—a list that future historians will likely find ways of 
extending or modifying, since just as there are many ways of conceptualizing 
the environment, there are many ways of environmentalizing the past.

If concepts come to matter only when they are materialized in particular en-
vironments, then what we mean when we use the word environment depends 
on the situation in which we find ourselves. That does not imply, however, 
that environment can mean anything we want it to. Even though there is an 
almost infinite diversity of ways to think and act environmentally, that diversity 
is constrained within certain limits. Language is flexible and changeable, but 
it is also the product of collectives of speakers who generally seek to remain 
comprehensible to one another. As a consequence, there are some patterns 
that hold true across the history of environmental thought, including the idea 
of a mutually constitutive relation between an entity and that which surrounds 
it— that is, a relationship in which each party not only influences the other but 
also in some fundamental way determines what the other is. In marked con-
trast to the term nature, which is often used to refer to the intrinsic character of 
a particular entity (“it is in its nature”) or to aspects of the world that are fixed 
and unchangeable (“the order of nature”)— that is, to things that are indepen-
dent of any relation to external entities or forces— environment has almost 
always been used in this relational sense. This was expressed with particular 
clarity by the political scientist Lynton Caldwell, one of the architects of the 
first explicitly environmental legislation in the United States, who noted in 
1963 that the “concept of environment assumes not only ‘surrounding things’ 
but something that is surrounded.”26 Without that fundamental relationality, 
the concept of environment loses much of its distinctiveness.

If the essentially relational nature of the concept of environment means that 
we cannot know what an environment is without knowing what it surrounds, 
it also means that as our understanding of the environment shifts, our under-
standing of what it means to be an entity surrounded by that particular kind 
of environment shifts along with it. We can see this necessary relationship 
between “surrounding things” and “something that is surrounded,” in Cald-
well’s terms, at the very beginning of the history of the concept of environment, 
which required the invention of a new object of scientific inquiry: the “or-
ganism,” which was defined as a combination of specialized parts (“organs”) 
that worked together to allow a living being to survive and reproduce itself 
under a certain set of external conditions (its “environment”). We can also 
see this relationship in attempts emerging during roughly the same period to 
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reconceive human populations as “a multiplicity of individuals who are and 
fundamentally and essentially only exist biologically bound to the materiality 
within which they live,” as Michel Foucault wrote in describing new modes of 
governing subjects and citizens that emerged in the eighteenth century even 
before the concept of environment (or milieu) had been clearly articulated.27 
More broadly, each attempt to adapt the concept of environment to new cir-
cumstances and aims has been accompanied by changes in the understanding 
of the entities that are surrounded, whether those entities are imagined to be 
organisms, species, communities, civilizations, or the biosphere as a whole. 
The history of the concept of environment and the diverse environmentalisms 
associated with it is therefore also a history of the emergence of these kinds of 
surrounded entities, and of how various groups of people have imagined their 
ideal relationship to their surroundings.

T h e  S c o p e  a n d  S t r u c t u r e  o f  T h i s  B o o k

Framed in such a broad way, this is a topic that could fill multiple books. In-
deed, an account of all ways of conceiving of and relating to the environment 
would probably be as impossible to write as it would be to read. Fortunately, 
such a comprehensive account is not essential to conveying this book’s core 
arguments— namely, that there have been many ways of being environmental 
since the emergence of the concept sometime between the late eighteenth cen-
tury and the mid- nineteenth century; that particular ways of being environ-
mental have emerged to serve particular aims under particular circumstances; 
that while none of these ways are either illegitimate or perfect, some of them 
are no longer very well suited to present- day aims and circumstances; and 
that we will as a consequence almost certainly need new ways of conceiving of 
and relating to our environments in the future, for which the past may serve as 
guide. For these purposes, a more modest selection of representative episodes 
suffices. There are links between each of the episodes, but this book does not 
present a narrative of smooth and continual progress, nor does it describe neat 
shifts from one paradigm to the next. Rather, it describes situated and partial 
adaptations and appropriations of techniques, practices, and ideas from one 
episode to the next.

A number of aims and constraints shaped my selection of episodes. One 
aim was to demonstrate that, far from being a universal concept with equiv-
alents in every human culture and language and in all times and places, the 
concept of environment is the product of a very specific and— from a histo-
rian’s perspective, at least— relatively recent history. I therefore decided that 
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the book needed to begin in a period when no one was yet using the concept 
of “environment,” or the term environment, in order to show that it was in-
deed possible to live and thrive as part of a community of speakers that had 
neither the word nor the concept. The book’s first chapter therefore begins 
in the late eighteenth century, when the rough outlines of the concept of en-
vironment were first beginning to emerge, but when no word that carries the 
meanings of environment as we use it today (or even as it was used in the 
mid- nineteenth century) can be found in the written record. A corollary and 
perhaps at first glance contradictory aim was to show that both the concept 
of environment and various forms of environmentalism significantly predate 
the emergence of the modern environmental movement in the mid- twentieth 
century, and indeed significantly influenced those later developments. For 
that purpose, I tried to select episodes that demonstrate continuities from the 
earliest nineteenth- century uses of the term to the emergence of modern envi-
ronmentalism more than a century later.

These aims were joined by practical constraints, including the need for 
access to historical documents in languages I could read and a body of scholar-
ship that could help me interpret them. Reading texts in the original language 
was critical because translators often use familiar but anachronistic terms to 
convey what they believe the core meaning of a text to have been. There is 
nothing inherently wrong with this: from a contemporary reader’s perspec-
tive, it may make little difference whether a nineteenth- century physician was 
writing about “external influences” or “the environment.” For the historian 
of the concept of environment, however, the use of the latter rather than the 
former might indicate an important shift in perspective. Relying exclusively 
on translations can therefore produce a very muddled sense of how and when 
people began to speak, think, and act in explicitly environmental terms. As 
a result, this book focuses largely on speakers of European languages that I 
could read myself or was able to find aid in reading; most sources are therefore 
in English, French, or German, with a smattering of Norwegian and Russian. 
Another book (indeed, many books) could be written about the use of the 
concept by speakers of other languages, both European and non- European. 
For similar reasons, the book also focuses on historical actors and events that 
are extensively documented in the written record, which often reflect the dom-
inant ways of being environmental in any given time and place. Yet another 
book could be written about the myriad alternative, minor, and quotidian en-
vironmentalisms that have flourished alongside and in opposition to these 
dominant forms.
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Because the book ranges widely across time, place, and discipline— from 
the late eighteenth century to the present, from a museum in Paris to mili-
tary stations in the British Caribbean, from social workers to UN diplomats, 
from natural history to climate science— each chapter must to some extent set 
the stage anew. To make both the connections and the differences between 
the episodes as clear as possible despite these leaps in time and place, each 
chapter follows more or less the same structure. After a brief introduction, 
there is a section describing the material and social conditions for a particular 
variation on the concept of environment and the form of environmentalism 
connected to it. The chapter on the development of the concept of milieu 
describes the importance of French imperialism for the growth of the collec-
tions of Paris’s Muséum d’Histoire Naturelle (Museum of Natural History) 
in the 1790s, for example, while the chapter on the biosphere describes the 
impact of the resource crises of World War I on new theories of global flows of 
energy and materials in the 1920s. The following sections turn to the tools and 
practices— collecting, comparing, experimenting, mobilizing, modeling, and so  
forth— that materialized the environment for a particular community and gave 
them new ways of knowing and acting on their surroundings. Only after ex-
ploring these material conditions and situated practices does the chapter turn 
to the theories articulated by the people for whom the environment was a key 
concept— “environmentalists,” as we might call them. The final section of each 
chapter considers how this particular set of tools, practices, and theories was 
later extended, transformed, or abandoned.

The book concludes by returning to the question with which we began— 
namely, whether the concept of environment can continue to serve us well, 
given the critiques that have emerged in recent years alongside growing con-
cerns about the viability of the social movement; or whether it is time to set 
aside the idea that the world can be usefully understood in terms of entities, 
their surroundings, and the relationships between them. Having immersed 
myself for several years now in stories of people who adapted the concept of 
environment to circumstances and aims that earlier users of the concept could 
never have imagined, I tend to be optimistic about its future. It is undoubtedly 
true that as the world has changed, some of the most familiar ways of imag-
ining and materializing the environment have become less compelling. That 
alone is not a reason to abandon the concept, however; as the two- century- 
long history of environments and environmentalisms shows, the concept has 
been refashioned over and over again to suit new aims and circumstances. 
Studying yesterday’s environmentalisms makes it clear that there are many  
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ways to be environmental beyond the ones we know today, and it may even give 
us some ideas for how to reinvent environmentalism for tomorrow. To begin 
the story in one of the many places where it could be begun, we now turn to 
Paris in the late eighteenth century, where the foundations were being laid for 
the development of the concepts of “environment” and “organism.”



When the corvette Géographe docked at the French port of Lorient in the 
spring of 1804, it was at the end of an epic four- year voyage that had brought 
it from France to Australia and back, with stops in the Cape Colony, Mauritius, 
and Timor.1 Carried out in the midst of a war between Britain and France 
that was roiling Europe and its colonies, the voyage of the Géographe and its 
companion ship, the Naturaliste, had not been easy. While the ships avoided 
armed conflict and in fact received a generally friendly welcome in British 
Australia, many of the crew members who embarked in 1800— including a 
number of naturalists tasked with surveying the landscapes, plants, animals, 
and peoples they encountered— fell seriously ill or died over the course of 
the expedition. They were “victims of their zeal,” in the heroic gloss of one 
commentator; but also, more concretely, of dysentery, scurvy, and other mis-
fortunes linked to exhaustion, malnourishment, unhealthy living conditions, 
and exposure to unfamiliar pathogens.2 Even the expedition’s captain, Nicolas 
Baudin, sickened on the return voyage and was buried in Mauritius.3

For those who had eagerly awaited the return of the Géographe and the 
Naturaliste, the expedition’s spectacular results fully justified its high cost in 
blood and treasure.4 Among them were the naturalists of Europe’s preeminent 
natural history museum, the Muséum National d’Histoire Naturelle in Paris, 
who had been closely involved in the planning of the expedition.5 In addition 
to a detailed map of the coast of Australia that promised to aid France in its 
global struggle against the British, the expedition brought back sketches and 
descriptions by its team of naturalists, as well as dozens of living animals, hun-
dreds of plants, and case upon case of seeds, dried plants, rocks, bones, and 
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other natural artifacts.6 “Of all the collections that have come to us from distant 
lands, at diverse epochs,” the botanist Antoine Laurent de Jussieu wrote as the 
cataloging of the collection was beginning, “the one brought by the vessels 
the Naturaliste and the Géographe is certainly the most substantial.”7 The 
museum’s botanists, zoologists, geologists, and other naturalists would spend 
years working through it.8

Although the number of new plant and animal species the Baudin expedi-
tion introduced to France was unusually high, as Jussieu’s comment suggests, 
the expedition itself was not unique. Over the course of the eighteenth and 
nineteenth centuries, European museums, menageries, and botanical gar-
dens swelled with specimens gathered in the course of encounters between 
explorers, merchants, soldiers, and colonists and new places and peoples. Six 
years before the Géographe’s arrival in Lorient, for example, Baudin himself 
had brought the museum a collection of natural history specimens from the  
West Indies that included a number of living trees, some of them ten feet tall.9 
Such large acquisitions stood out against a background of smaller but more 
regular contributions from a global network of correspondents and collectors. 
Meanwhile, the institutions that housed these collections were generously sup-
ported by monarchs and republican governments alike, for reasons that were 
clear to all. These institutions symbolized the advancement of knowledge, the 
power of empires, and the global reach of trade networks while also promising 
practical economic benefits, such as the development of new kinds of crops 
and domesticated animals.

By the end of the eighteenth century, the museum and other institutions 
like it had become central to answering basic questions about the organizing 
principles of nature and to developing new tools and methods for reshaping 
nature’s order in the service of human desires. They also served as sites for 
the emergence of a new understanding of life that centered on the interaction 
between organized bodies and the influences that surrounded and shaped 
them— an understanding that would eventually lead naturalists to develop a 
new concept, “environment” (or in French, milieu). While naturalists had long 
recognized that the character of organisms could be seen as related to “climate” 
and “place”— understood as the atmospheric conditions prevailing across each 
region of Earth and as the combination of weather, plants, animals, and people 
that made up the character of a given location, respectively— the concept of 
environment was something new. More than just the physical surroundings, it 
referred to the aspects of those surroundings that were significant for a particu-
lar “organism” (or organisme)— another novel concept that gradually emerged  
during this period to become the focus of naturalists’ attention.
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Far from being self- evident, the idea that life could be described in terms 
of the relationships between “organisms” and their “environments” was the 
product of a diverse but connected set of observations and experiments at 
a particular moment in history. It depended on new techniques of collect-
ing, classifying, and experimenting on living things at institutions such as the 
Muséum d’Histoire Naturelle, whose scientific discoveries, research methods, 
and novel philosophical frameworks for understanding life provided models 
that others would later adapt to their own ends and circumstances. By exam-
ining both the material practices and conceptual frameworks that these natu-
ralists developed between the late eighteenth century and the mid- nineteenth 
century, we can see how the concept of environment came to matter to a com-
munity of people who had previously made do without it, and how it differed 
for them from other concepts such as climate and place that at first glance 
might seem similar. Knowing that the concept of environment was invented 
and painstakingly put into practice at a particular time and place helps us see 
that it is neither universal nor timeless, and that it is not our only option for 
understanding and engaging with our surroundings today.

C o l l e c t i n g

Natural history at the end of the eighteenth century was far from the tedious, 
stagnant, and amateurish enterprise of later caricatures. On the contrary, it was 
a highly dynamic enterprise that linked museums, botanical gardens, and other 
institutions to global networks of correspondence, exploration, conquest, and 
trade.10 Naturalists at the Muséum d’Histoire Naturelle and similar institutions 

F i g u r e  1 .  The Géographe and the Naturaliste anchored at Kupang in Timor in 1801. (Re-
printed from plate 39 in Charles- Alexandre Lesueur and Nicolas- Martin Petit, Voyage de décou-
vertes aux terres australes (Atlas historique) [Paris: Imprimerie Impériale, 1807].)
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elsewhere were responsible for assembling and classifying diverse collections 
of plants, animals, minerals, fossils, and other productions of nature that Eu-
ropeans encountered. By gaining insight into the basic order of nature, they 
hoped to be able to reshape it in ways that benefited themselves and the states 
that patronized them. At a time when European economies were based on 
agriculture, expertise in the identification, growing, and breeding of plants 
and animals was anything but impractical. On the contrary, it went to the heart 
of the preindustrial economy. As specimens from around the world flooded 
the museum’s anatomical galleries, herbaria, and seedling gardens, naturalists 
had both opportunity and motivation to devise new methods of organizing 
and explaining nature’s diversity. These new methods would eventually result 
in the emergence of “environment” as a central concept for the study of life.

The Paris museum played a leading role in the development of new meth-
ods and theoretical frameworks for understanding the conditions that enabled 
organized bodies of particular kinds to survive and flourish. Officially founded 
in 1793, the roots of the Muséum d’Histoire Naturelle lay a century and a half 
earlier in the establishment of a royal garden for medicinal herbs south of the 
Seine River, which was later complemented by a collection of natural history 
specimens kept in a building known as the Cabinet du Roi.11 From these rel-
atively modest beginnings, the garden and the natural history collection were 
transformed into a highly productive research center from the 1730s onward 
under the leadership of Georges- Louis Leclerc, Comte de Buffon, a naturalist 
whose fame in the eighteenth century was rivaled only by that of Linnaeus.12 
Drawing on the far- flung networks of trade and conquest that were filling 
the streets and shops of Paris with exotic animals, plants, and products, Buf-
fon and other mid- eighteenth- century French naturalists capitalized on the 
expanding reach of European empires to gain unprecedented access to the 
world’s biological diversity.13

Even amid the political turmoil of the years before and after the Revolution 
of 1789, when any institution with royalist associations was at risk, the reputa-
tion of the garden and the natural history collection as unparalleled sources of 
natural knowledge helped ensure their survival. Indeed, the museum that was 
established in 1793 on the foundation of the garden, the natural history collec-
tion, and a new menagerie of living animals flourished as an icon of the Enlight-
enment values of the French Republic. In this way, the garden and natural his-
tory collection emerged from the Revolution even more prestigious and more 
thoroughly entwined with the aims of the French state than before.14 In the 
years following the museum’s establishment, its naturalists became increas-
ingly implicated in France’s imperial ambitions. During Napoleon’s ill- fated  
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expedition to Egypt in 1798, for example, naturalists such as Étienne Geoffroy 
Saint- Hilaire gathered specimens and made observations that significantly 
enriched the museum’s collection.15 In this regard, the Baudin expedition— 
which aimed both to map the terrain of future naval conflicts and to gather 
specimens that would reveal the order of nature— was typical of the French 
natural history of its day.

France’s imperial ambitions also aided the growth of the museum’s collec-
tions through the acquisition of the collections of other empires, as France 
annexed or invaded other European states over the course of the Napoleonic 
Wars. The incorporation of items from the Dutch stadtholder’s collection into 
the museum after 1795, for example, gave French naturalists control over one 
of the richest natural history collections in Europe, including specimens from 
Dutch colonies and trading ports in Indonesia and from other places beyond 
the bounds of the French empire.16 In effect, French naturalists were able to 
fill in the gaps in their own collections by exploiting the networks established 
by other empires. One scholar has estimated that the specimens acquired from 
Dutch, Spanish, Portuguese, Belgian, and Italian institutions constituted more 
than a fifth of the museum’s new acquisitions between 1793 and 1809.17 The 
museum’s naturalists were not shy about celebrating their gains, arguing that 
they gave them a view of nature’s diversity unrivaled at any other European 
institution. In 1795, for example, André Thouin, professor of horticulture as 
well as head gardener at the museum, celebrated the acquisition of the Dutch 
specimens, which he argued would make the museum’s collection “the most 
magnificent in the world and the most useful for the progress of the natural 
sciences.”18 These specimens included the skeletons of a rhinoceros, a giraffe, 
several kinds of monkeys, and numerous other animals.19

The museum’s naturalists also benefited from the natural history research 
of other nations even when they did not acquire foreign collections by force. 
Both before and after the Revolution, the museum’s naturalists enrolled a 
wide network of paid correspondents eager to benefit from their expertise 
and contribute to their research. First initiated under Buffon’s intendancy, 
this network expanded over time, with the museum issuing increasingly de-
tailed and specific guidelines for its correspondents and collectors to follow. 
For example, an 1818 pamphlet, Instructions for Travelers and Officials in the 
Colonies, on the Manner of Collecting, Conserving, and Shipping Natural His-
tory Objects, provided guidance to ship captains and colonial officials on “ob-
tain[ing] in the diverse countries where they will sojourn the objects needed 
by the Muséum.”20 Birds, for example, needed to be killed with the proper size 
of shot to avoid damaging the specimen; the blood then needed to be drained, 
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a piece of cotton placed in the beak, and the bird skinned as quickly as possible 
to prevent the feathers from detaching during putrefaction.21

Although it was the museum that collected the specimens and set the stan-
dards, the relationship between Parisian naturalists and their collectors and 
correspondents elsewhere was often reciprocal and mutually beneficial. The 
correspondents enriched the environment of the museum’s naturalists with 
their specimens and reports of distant climes, meanwhile gaining access to 
the new techniques and ways of understandings of the natural world that were 
being developed at the museum. As a result, many colonial officials and for-
eign naturalists contributed to the museum’s store of knowledge and willingly 
submitted to its standards without any expectation of monetary remuneration. 
In the first decade of the nineteenth century, for example, the museum could 
count among its correspondents the sitting president of the United States, 
Thomas Jefferson, who had become acquainted with Buffon in Paris in the 
1780s and continued to correspond with French naturalists after his return to 
the United States.22 Through the publication of Jefferson’s reports on the de-
velopment of a new type of plow or on Lewis and Clark’s expedition to western 
North America in the museum’s journal, French naturalists were introduced 
to organisms, places, and practices that they would likely never encounter 
personally.23 At the same time, Jefferson’s connection to the museum helped  
him stay abreast of the most advanced theories and findings in natural history 
and gave him opportunities to assert the value of the North American conti-
nent and the United States’ interest in it, including the vast territories acquired 
from France as part of the Louisiana Purchase in 1803.24

With their long experience in diverse places around the world, settlers and 
colonists such as Jefferson were invaluable sources of specimens and reports 
for the museum naturalists, who were only too willing to ignore— or even 
celebrate— the violent and exploitative relationships that made much of that 
knowledge possible. In the course of managing slave plantations, coordinating 
the extraction of natural resources, or surveying land for potential settlement, 
agents of Europe’s imperial expansion were able to observe the responses of 
plants, animals, and human health to subtle shifts in climate and other condi-
tions across periods of years or even decades. This distinguished them from the  
museum’s traveling naturalists, who had few opportunities to observe how 
those places or the plants, animals, and people living in them changed over 
time, and were therefore forced to rely on the knowledge of locals even when 
they were able to visit those sites themselves. During a five- month stop in 
Australia, for example, naturalists with the Baudin expedition turned to British 
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colonists to learn about the surrounding landscape and its flora and fauna, of-
ten bartering for specimens and soliciting information about them secondhand 
rather than carrying out their own collections and observations in the field.25

Much of the information that the museum’s naturalists were able to acquire 
from European settlers was a hybrid of the latter’s firsthand experiences and 
the knowledge they had gleaned from people who labored or lived on that 
land. In Port Jackson, for example— today the site of Sydney— British settlers 
lived in close proximity to Aboriginal Australians and occasionally adopted 
their names for local species. The scientific name of the species now known as 
the southern elephant seal, Mirounga leonine, for example, is based on the in-
digenous word miourong.26 In that sense, knowledge produced at the museum 
was sometimes indirectly derived from non- Western traditions of indigenous 
knowledge. The museum’s traveling naturalists also turned directly to indig-
enous inhabitants of the places they visited for insight, establishing relation-
ships that were highly asymmetrical but sometimes mutually beneficial. While 
naturalists gained knowledge and specimens, indigenous collaborators stood 
to gain money, goods, status, and new allies. In Timor, for example, François 
Péron, the lead naturalist of the Baudin expedition, learned about marine life 
and acquired specimens from a local fisherman named Néâs.27 At the same 
time, such local informants were often objectified and condescended to by the 
very same naturalists who turned to them for help; even as Péron sought out 
the advice of Néâs and other local informants, he also subjected them to ana-
tomical and ethnographic studies, thus transforming them from collaborators 
into objects of research.28

At the end of the eighteenth century, the museum’s access to specimens 
and descriptions of living beings and the conditions of their lives from around 
the world was unparalleled. Dependent on the spread of European empires, 
its collection of specimens and the resulting knowledge relied in large part on 
the hidden labor and knowledge systems of the non- European peoples who 
lived and labored on the lands that European colonists had settled. In these 
ways, the rise of institutions such as the Muséum d’Histoire Naturelle reflected 
both the opportunities that European imperial expansion had created and the 
economic and military needs of European empires. No matter how abstract 
or theoretical the debates among naturalists or how universal their ambitions 
to survey the variety of living beings in existence might have been, ultimately 
their work was built on a foundation of imperial trade, settlement, agriculture, 
and military conflict. Under these conditions, it is not surprising that natural 
history collections were centralized at institutions such as the museum, or that 
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naturalists at such institutions would increasingly seek to identify the essential 
conditions that allowed living beings of particular kinds to thrive far from the 
places where they were originally found.

C l a s s i f y i n g

When the Géographe’s cargo of preserved specimens and living plants and 
animals was delivered to Paris in the spring of 1804, one challenging task had 
just been completed, but another equally imposing one remained: unpacking, 
identifying, describing, and classifying the new acquisitions.29 The Baudin 
expedition had included its own team of voyaging naturalists, but properly de-
scribing and classifying their discoveries was something that French natural-
ists believed could be accomplished only at the Muséum d’Histoire Naturelle. 
Indeed, classification was the central work of institutions such as the museum 
during this period, offering both a conceptual framework for making sense of 
nature’s order and a practical tool for organizing and maintaining botanical 
gardens, menageries, and museums. Both abstract theories of taxonomy and 
everyday practices of organizing specimens for research and display allowed 
naturalists to recognize essential similarities and differences across species  
and to relate those variations to the conditions under which species were 
found in nature. Over time, the introduction of new systems of classification 
therefore helped refashion eighteenth- century institutions of natural history 
into sites for studying the relationship between the structure and function of 
living beings and the conditions that surrounded them.

In the mid- eighteenth century, the anatomical specimens in the Cabinet 
du Roi had been arranged primarily according to two criteria. The first was 
general similarity, which was judged according to the sum total of all their 
traits; the second was their familiarity and utility in French society. Trees were 
considered alongside other trees rather than with smaller plants, even when 
the latter had similar flowers or other characteristics, and the familiar horse and 
domestic cat were considered separately from the exotic zebra and lion, despite 
their obvious anatomical similarities. This was roughly the approach to classi-
fication that Buffon had advocated in the first volume of his Natural History, 
General and Particular, which appeared in 1749 and was followed by a series 
of widely read volumes over the succeeding decades. It stood in stark opposi-
tion to the kinds of formal classification schemes based on a few key traits that 
had been proposed by Linnaeus and others in the mid- eighteenth- century—  
so- called “artificial” systems that Buffon criticized for seeking clarity and sim-
plicity at the cost of truth to nature.30
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After Buffon’s death in 1788 and the establishment of the Muséum d’His-
toire Naturelle in 1793, French naturalists reconsidered both their schemes 
of classification and the arrangement of the museum’s specimen collection 
and gardens. As the number of new specimens grew (along with the demand 
for access to them for purposes of research and teaching), the expansion and 
reorganization of the galleries and garden became increasingly imperative. 
Under Buffon’s intendancy, the greenhouses and other facilities had been 
significantly expanded, but by the 1790s they were showing their age after 
years of neglect during and after the Revolution.31 Moreover, many of the older 
specimens in the anatomical collection were decaying as a result of poor pres-
ervation techniques, even as they occupied space that was needed for new ac-
quisitions.32 In 1798, Jussieu, the museum’s director, was concerned enough to 
warn the French government that the museum was “menaced with imminent 
destruction.”33 In the late 1790s, the museum extended its gardens onto newly 
purchased land and renovated old buildings on an adjacent lot once used for 
the administration of Paris’s hackney coaches to provide larger galleries for the 
expanding collection of anatomical specimens.34 These efforts continued after 
Napoleon’s final defeat in 1815 and the subsequent restoration of the Bourbon 
monarchy, when the space devoted to the anatomical galleries was expanded 
even further.35

Beyond simply increasing the amount of space available for the gardens and 
the anatomical collection, the museum’s naturalists also fundamentally recon-
sidered the classification scheme that they used to organize their collections 
of preserved and living specimens. At the instigation of Georges Cuvier, who 
began working at the museum in 1795, the anatomy collection was transformed 
so that the functional organization of each of the species represented in the 
collection— that is, the relationships among its “organs”— became the primary 
criteria for classification and arrangement, replacing the criteria of similarity 
and familiarity that had been used during Buffon’s time. Cuvier’s approach 
emphasized biological functions such as digestion, locomotion, or reproduc-
tion as part of “comparative anatomy,” a new research program that sought to 
identify distinct patterns of organization across the diversity of living beings. In 
1803 he announced that the museum’s anatomical specimens were now being 
“arranged with physiological aims, that is, they were divided not primarily 
according to the class of animals from which they arose, but according to the 
organs whose structure they elucidated.”36 Indeed, it was mainly the desire to 
make such functional relationships visible, rather than simply the need for ad-
ditional storage and display space, that drove the expansion of the anatomical 
galleries from the 1790s onward.37



F i g u r e  2 .  Illustration of a dissection by Georges Cuvier of a sea slug in the genus Doris, 
showing the size, shape, and relative position of various internal organs. (Reprinted from plate 
73 in Georges Cuvier, “Mémoire sur le Genre Doris,” Annales du Museum National d’Histoire 
Naturelle 4 [1804]: 447– 73.)
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The reorganization of the specimens in the new comparative anatomy 
galleries was linked to a shift in the kind of anatomical research conducted 
at the museum. Most research continued to consist of the patient work of 
carefully preserving, dissecting, and describing the forms of once- living be-
ings. Naturalists used such specimens and descriptions to compare the shape 
and configuration of the organs of living beings of different species and to 
elucidate the fundamental principles governing their structure and devel-
opment. Increasingly, however, the focus of research was not simply on the 
superficial appearance of an organism’s parts but also on the physiological 
functions performed by those parts. The research of one of Cuvier’s students, 
Henri Marie Ducrotay de Blainville, is particularly illustrative. A beneficiary 
of the museum’s period of dramatic expansion in the early nineteenth century, 
Blainville began his career in the 1810s as a protégé of Cuvier and went on to 
become one of France’s most influential zoologists. Over the course of his 
career, Blainville’s careful dissections and descriptions of animals increasingly 
focused on the functions performed by each organism’s organs rather than 
simply on their comparative size, shape, and texture.38

Research on the living specimens kept in the garden and the menagerie also 
shifted in response to new methods of classification centered on the functional 
organization of living beings. Head gardener Thouin, for example, organized 
his plantings not according to their appearance or place of origin but rather ac-
cording to the external conditions that each kind of plant required to thrive.39 
Conventional distinctions between climatic zones, such as “tropical” versus 
“temperate,” still provided a rough scheme of organization, with plants from 
warmer climates positioned to maximize their exposure to the sun, but other 
factors also came into play in the arrangement of the gardens, including tem-
perature, water, wind, sunlight, and soil type. Ultimately, what mattered to 
Thouin was not where a plant had been found but what conditions he and his 
fellow gardeners needed to provide for it to survive. Plants from widely varying 
climates could be grown in the same or adjacent plots, as long as the set of 
conditions present in those plots was compatible with their growth.

The naturalists in charge of the museum’s collection of living animals 
shared many of the interests and aims of those working in the gardens and an-
atomical galleries, but faced even more daunting challenges in pursuing them. 
One challenge arose from the haphazard nature of the collection. In the first 
decade of the menagerie’s existence as a formal part of the museum, there had 
been very little order to it. Some of its animals were acquired when the practice 
of displaying exotic animals for private profit on the streets of Paris was banned 
following the Revolution, while others were drawn from the former royal me-
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nagerie at Versailles or from expeditions such as Baudin’s.40 Consequently, 
the naturalists in charge of the menagerie had even less control over the range 
of species in their living collection than Thouin and his fellow gardeners did 
in theirs. Moreover, even in those rare cases where the menagerie held mul-
tiple specimens of a given species, the cramped conditions contributed to high 
mortality rates and reduced the chances of reproduction. In comparison to the 
garden’s abundance of plant life, opportunities for classification and experi-
mentation in the menagerie were therefore quite limited.

Nonetheless, to the extent possible, the menagerie keepers sought to or-
ganize their living collection along principles similar to those of the galleries 
of comparative anatomy— that is, in a way that emphasized not similarities 
in the external appearance of different species, but rather the various ways in 
which they accomplished the functions necessary to life. This was particu-
larly true after Georges Cuvier’s younger brother Frédéric was appointed to 
the position of garde (keeper) of the menagerie in 1803.41 Under his watch, 
the menagerie served as a resource for the museum’s comparative anatomists, 
whose observations of its living specimens and dissections of those who had  
died gave them insight into the anatomy of fossil animals and preserved spec-
imens. After a leopard died in 1794, for example, its body was dissected and 
sketches of its internal organs were made by an artist working for the mu-
seum.42 Later, in preparation for a study of the fossil remains of large cats, 
Georges Cuvier studied both preserved specimens in the collections and a 
living panther that had been collected in Java.43

The concern with functional organization as the basis of the classification of 
plants and animals also shaped the way naturalists presented their findings vi-
sually in the richly illustrated journal Annales du Muséum National d’Histoire 
Naturelle. By eliminating incidental detail relevant only to a particular speci-
men and by minimizing references to landscapes, historical settings, cultural 
artifacts, and exotic peoples, naturalist- illustrators of the late eighteenth cen-
tury and early nineteenth century aimed to make the most essential character-
istics of a plant or animal as visible as possible, even if that meant presenting an 
ideal type rather than a specific specimen.44 In doing so, they sought to bring 
the inner logic that governed the structure of each type of organism into sharp 
focus. That, in turn, raised the question of why each organism was organized 
the way it was, a question that many of the museum’s naturalists concluded 
could be answered only by relating its anatomical structure and function to the 
external conditions under which it lived. Paradoxically, then, the exclusion of 
contextual detail from illustrations of plants and animals provoked naturalists 
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to think in new ways about those organisms’ conditions of existence, both 
internal and external.

By examining the methods of classification that naturalists developed at the 
museum to manage the flood of specimens that was pouring into their collec-
tions and to pursue the research questions they found important, we can see 
how practical concerns were intertwined with theoretical questions and with 
the processes driving French imperial expansion during the Napoleonic years. 
The advantages and disadvantages of various systems of classification were de-
bated in lecture halls and in the pages of scholarly journals, but they were also 
hashed out through decisions to acquire land, dig ditches, construct buildings, 
build cabinets, and shuffle living and preserved specimens from place to place. 
Such material interventions and everyday practices helped make plausible the 
division of the natural world into two parts— one consisting of living beings 
(“organisms”) and the other consisting of the conditions and surrounded and 
shaped them (“environments”)— even before naturalists had the words to ex-
press what they were doing.

E x p e r i m e n t i n g

From the late eighteenth century onward, interest among naturalists at the 
Muséum d’Histoire Naturelle regarding the function of each of an organism’s 
distinct parts (its “organs”) and the organization of its body as a whole led 
them toward experimentation as a method of research. By testing the effect 
of various external influences on the development or health of a plant or an-
imal, naturalists hoped to gain greater insight into why it was organized as it 
was. At the same time, experimentation was a practical necessity in the gar-
den and the menagerie, where plants and animals had to be kept alive under 
conditions that in most cases differed dramatically from those under which 
they had been found. Moreover, because agriculture was the foundation of 
the French economy during this period, such experiments had potentially 
enormous economic and strategic implications. If exotic spices, fruits, vege-
tables, or medicinal plants could be grown in metropolitan France or one of 
its tropical colonies, for example, the shape of France’s trade networks and 
the global balance of power might be altered. Experimentation was thus a path 
toward greater insight into nature’s order, a prerequisite for research on certain 
living plants and animals, and a potentially revolutionary intervention into the 
economy of the French Empire.

In a sense, experimentation with the relationship between organisms and 
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their environments began even before specimens arrived at the garden or the 
menagerie, inasmuch as it was required to keep plants and animals alive on 
their journeys to Paris. Although any attempt to translocate a living being car-
ried risks, multiyear collecting expeditions such as Baudin’s faced especially 
daunting challenges. Over extended periods, ships such as the Naturaliste and 
the Géographe became floating ecosystems within which only certain kinds of 
plants and animals survived, and which indeed often challenged the health of 
their human occupants.45 The practical challenges inherent to keeping plants 
and animals on a seagoing ship were often compounded by ignorance of the 
conditions required for each kind of organism to survive. Furthermore, even 
when precise descriptions of the conditions under which organisms had been 
originally found were available, those conditions were usually impossible to 
replicate for practical reasons, regardless of how well- equipped, knowledge-
able, and conscientious the collector or the crew might be.

As a result, many valuable specimens perished long before they reached 
the garden or the menagerie. The Naturaliste, for example, was loaded with 
specimens and sent ahead of the Géographe to France in 1803 while the latter 
completed its surveying and collecting mission, but many of the expedition’s 
painstakingly collected living plants withered before they could be seen by 
the museum’s naturalists. As the ship approached France, it was accosted by a 
British ship that forced it to a port in England, where it lost “precious time and 
many living plants.”46 Only twenty of the eight hundred plants originally on 
board reached Le Havre alive.47 The Géographe’s living collection fared better, 
but even it suffered significant losses. On the ship’s arrival in France, contrary 
winds forced the captain to dock at Lorient rather than sailing up the Loire, 
necessitating a lengthy overland voyage to Paris. Despite being personally ac-
companied by Geoffroy, many of the plants and animals that had survived their 
time at sea died before they reached the museum, while others lasted only days 
or weeks after their arrival in Paris.48

Indeed, once seeds or living specimens had arrived safely at the museum, 
the challenge of keeping them alive continued, albeit under easier circum-
stances. In order to determine the conditions that would allow them to flourish 
far from their places of origin, naturalists subjected them to a variety of experi-
ments. Among the sites at the museum for carrying out such experiments, the 
garden’s seedling plots and hothouses were the most important. Established 
by Buffon in 1785, just before the Revolution, the seedling garden covered 
more than 3,300 square meters and was divided into numerous smaller plots 
devoted to the raising of plants requiring different kinds of conditions to sur-
vive.49 Given the diversity of species in the collection, ensuring the survival of 
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seedlings and encouraging their acclimatization to Parisian conditions were 
constant concerns for Thouin, the head gardener. Among all the garden ac-
tivities, the raising of plants from seeds was, he wrote in 1805, “the most com-
plicated, because it demands a great number of processes as varied as those of 
nature, for all the series of plants of all the parts of the globe.”50

The effort to keep all these plants alive, including trial- and- error experi-
mentation with soil, moisture, shade, and other factors, gradually led Thouin 
and other naturalists working in the garden to an understanding of environ-
ment as distinct from both climate and place— that is, it led them to an interest 

F i g u r e  3 .  Vertical cross- sections and a bird’s- eye view of the seedling garden at the Muséum 
d’Histoire Naturelle, circa 1804. (Reprinted from plate 62 in André Thouin, “Description du 
Jardin des Semis du Muséum d’Histoire naturelle, de sa culture et de ses usages, première 
partie,” Annales du Muséum d’Histoire Naturelle 4 [1804]: 263– 88, description on 287– 88.)
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in the relationship between a living being and the conditions relevant to its sur-
vival. Although climate provided a general scheme of organization for the seed-
ling garden, Thouin recognized that replicating all the world’s climatic zones 
within the confines of the garden was neither feasible nor sufficient for the 
growth and reproduction of plants. Instead, he argued, “one must limit oneself 
to imitating the essential properties of the principal climates.”51 Creating the 
proper set of conditions for each type of plant required a range of techniques, 
many of them borrowed from practical gardeners.52 For example, Thouin and 
his staff found that certain dark- brown soils, which were particularly effective 
at absorbing and retaining heat, were appropriate not only for tropical plants 
but also for temperate- zone plants whose roots were deep enough to reach the 
cool soil below.53 They also developed a variety of designs for what they called 
contresols— shaded containers that allowed a potted plant to receive precisely 
the amount of wind, rain, and sunlight it needed to thrive.54 Such techniques 
embodied each plant’s environment as a set of impinging external factors that 
could be reproduced on the garden’s grounds in Paris, rather than as climatic 
zones or geographical locations on the surface of the planet.

Despite the skill of Thouin and his staff and the resources to which they 
had access, however, there were limits to their ability to keep exotic plants 
alive in Paris. Even hothouses warmed at great cost during the Parisian winters 
could not provide a hospitable environment for all the world’s plant species or 
simulate the growth of any given species under all possible climatic and soil 
conditions. Aquatic plants, for example, proved difficult to raise, as did fungi; 
indeed, the latter were so difficult to raise that Thouin and his colleagues re-
sorted to creating models out of lead for the purpose of instructing students.55 
To compensate for these limitations, the museum established connections to 
a global network of botanical gardens. In 1807, one naturalist reported that 
the museum had been in contact with ninety- seven botanical gardens during 
the previous two years— fifty of them within metropolitan France, and the 
remaining forty- seven elsewhere in Europe and as far afield as New York, Cal-
cutta, Cayenne, and Mauritius.56 The result of exchanges among these botan-
ical gardens, the naturalist predicted, would soon be the “naturalizing in all 
civilized countries those among the useful plants, the culturing of which is not 
invincibly opposed by the difference of climate.”57 Crucial to this program of 
acclimatization was the fact that the traffic of specimens between this and other 
gardens was bidirectional, each providing to the others plants that grew best in 
the climate and conditions where they were located. In 1808, for example, the 
director of the botanical garden at Cayenne in French Guiana wrote to Thouin 
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to report on the success of his effort to acclimatize the breadfruit trees that he 
had received from the Paris museum a decade earlier.58

The menagerie also served as an important site of experimentation, al-
though in comparison to the garden its possibilities were highly constrained 
by the relative difficulty of transporting and caring for live animals. As with 
plants, however, a certain amount of experimentation was necessary simply to 
keep the animals alive once they had reached Paris. Those involved in main-
taining the collection often resorted to trial and error or drew on their experi-
ences with domesticated animals to do so— domesticated donkeys and dogs 
serving as analogues for African zebras and Australian dingoes, for example.59 
In the process, these naturalists came to realize that their task was to identify 
the conditions most essential to an organism’s survival rather than trying to 
recreate its native climate or place of origin in its entirety. Even though it was 
clearly impossible to reproduce the African savanna or the Australian outback 
in the heart of Paris, they believed it was feasible to reproduce the essential 
conditions that would allow species from those climates and places to thrive.

Menagerie naturalists also experimented with the possibility of adapting 
animals to the Parisian environment by interbreeding them with domesticated 
species in ways that would alter their internal organization just enough to allow 
them to survive under altered conditions. Just as the Parisian environment 
could be refashioned to support the flourishing of exotic organisms, they ar-
gued, so could those organisms be refashioned to suit the conditions of Paris. 
As the keeper of the menagerie, Frédéric Cuvier supervised a number of such 
attempts at hybridization, which he argued were the key to acclimatizing an-
imals to new climates. Among these experiments were an attempt to mate a 
dingo with a dog, a zebra with both a donkey and a horse, a whooper swan 
with a domesticated goose, and a wolf with a dog.60 Such experiments, though 
rarely successful, were indicators of naturalists’ faith that the relationship 
between an organism and the conditions in which it thrived was potentially 
malleable given the proper techniques.

Although the museum’s comparative anatomists focused their attention on 
bones, skins, and other preserved specimens— that is, on dead rather than 
living animals— they too were attracted by the possibilities of experimenta-
tion, which promised to shed light on the functional organization of living 
beings. Such findings might, they believed, have important implications for 
the classification of fossil remains and preserved specimens. In the late 1790s, 
for example, while stationed in Cairo with the French expeditionary force, 
Geoffroy either conducted or planned several experiments on the effect of 
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external conditions on an organism’s form and function. These included one 
experiment in which Geoffroy sought to influence the number and distribu-
tion of pistils and stamens in a plant’s flowers by modifying the amount of 
light and space it received.61 Such experiments were impossible to carry out 
with preserved specimens, but they nonetheless shaped the way Geoffroy and 
others interpreted the variations in form that they observed in the comparative 
anatomy collection.

By examining the experimental techniques that naturalists developed to 
keep plants and animals alive in transport and to raise them successfully in 
the garden and the menagerie, as well as the kinds of targeted experiments 
that Geoffroy, Frédéric Cuvier, Thouin, and others pursued to determine the 
limits of plant and animal adaptability, we can see how a new kind of scientific 
object— or, rather, a new pair of scientific objects— emerged in a particular 
time and place. The concepts of “organism” and “environment” were not 
simply new ideas applied to the world as it had always existed; rather, they 
were descriptions of a world that was in the process of being changed by new 
practices, techniques, and settings. French naturalists’ efforts to transplant 
living beings to Paris from around the world were dependent on the global 
networks of imperial conquest and trade that had expanded over the previous 
centuries, as well as on the techniques they developed at the museum from the 
end of the eighteenth century onward. “Environment” was an idea crafted pre-
cisely to describe this emerging world of mobile organisms and experimental 
environments.

O r g a n i s m s  a n d  E n v i r o n m e n t s

The naturalists who sorted through the Géographe’s and Naturaliste’s natural 
history specimens in the years after 1804 did not describe what they were 
seeing as “organisms” collected from various “environments,” for the simple 
reason that neither term (or their closest French equivalents, organisme and 
milieu) came into common use among naturalists until decades later.62 Nor did 
they see their observations and experiments as part of the scientific discipline 
of “biology” (biologie)— this too was a term that came into wide use only much 
later, having been independently coined by several naturalists, including the 
museum’s own Jean- Baptiste Lamarck, only a few years before the Géographe’s 
arrival in Lorient.63 Rather, naturalists were still working largely within the 
vocabulary and conceptual framework established by Buffon and other mid- 
eighteenth- century naturalists. As a result, they described what they were 
seeing as plants and animals gathered from diverse places around the world, 
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which they understood as a subset of the many kinds of products of nature 
that fell within the ambit of natural history— a capacious field of activity that 
also included the study of fossils, minerals, climates, and peoples. Nonethe-
less, by the beginning of the nineteenth century, the museum’s naturalists were 
already beginning to develop techniques of classification and experimentation 
on the premise that living beings, as distinct from other kinds of natural ob-
jects, could best be understood as organized bodies whose internal structure 
corresponded in some essential way to the external conditions they faced— a 
relationship that by the 1830s some naturalists would begin to describe in 
terms of “organisms” and their “environments.”

To understand how and why new ways of studying life in environmen-
tal terms emerged during this period, it is necessary to understand the older 
ways that naturalists were responding to and building upon. In France, no 
eighteenth- century naturalist left a more important legacy than Buffon. Al-
though many contradictions and inconsistencies can be found throughout his 
enormous body of writing, his explanations for the diversity of living forms 
and their ability to reproduce themselves over generations retained a power-
ful influence long after his death in 1788. More important, perhaps, than the 
specific answers he offered were the kinds of questions he posed— in partic-
ular, questions about how the complex organization of living bodies could be 
explained in terms of various forces and forms of matter interacting according 
to natural laws. Even though these questions were answered differently by the 
following generation of naturalists, they still owed much to Buffon’s original 
framing.

Despite being a thoroughgoing materialist, Buffon did not think that the 
obvious complexity and dynamic nature of living beings could be explained as 
the product of mechanical forces acting on passive matter, as René Descartes 
had suggested a century earlier.64 Instead, he argued that living beings were 
composed of a special kind of matter consisting of “organic molecules,” which 
was governed by a distinct set of natural laws and which circulated from one 
living being to another without being changed in the process.65 In order to 
explain in material terms— that is, terms that did not require the intervention 
of a supernatural or immaterial force— how living beings of a particular kind 
were able to “reproduce” themselves over time, he suggested the existence of 
“internal molds” that determined how organic molecules were incorporated 
into the bodies of living beings. It was these internal molds, unique to each 
species of plant or animal, that allowed living beings to propagate themselves 
through a process that was completely material but distinctly different from 
the kinds of transformations affecting nonliving matter.66
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The concept of the “internal mold” also gave Buffon a means of explaining 
the influence of external conditions on variations among living beings of the 
same kind. Although he resisted the idea that one species could be transformed 
into another across generations, he did believe that species could “degenerate” 
when their conditions of life changed significantly.67 The main mechanisms 
for such degeneration, in his view, were changes in climate and in the kinds of 
organic molecules available in a living being’s surroundings. When the climate 
differed significantly from that to which the species was best suited, when the 
available organic molecules were less nutritive or in some other way inferior to 
those to which the species was accustomed, or when the species came under 
the influence of humankind, the result was a change in the species’ original 
form.68 This “degeneration,” as Buffon called it, was not extensive enough to 
give rise to entirely new species, but it could explain why similar kinds of living 
beings were distributed across the globe in ways that suggested dispersion 
from a single center of creation. Over generations, the “general prototype” of 
each species was passed across generations via the internal mold, even as the 
actual embodiment of any particular plant or animal shifted in response to the 
conditions around it.69

Buffon’s view of the role of interactions between the internal mold and the 
climates and other conditions it encountered sound similar to later concep-
tions of the relationship between organisms and their environments, but there 
are fundamental differences. For one thing, Buffon had no sense of a process 
of adaptation between a species and its surroundings. As the name suggests, 
“degeneration” was usually a negative process, one that led a species to reflect 
the characteristics of its surroundings rather than adapting to them.70 Just as 
depriving an individual plant of sufficient water led to a smaller and weaker 
plant instead of a plant that was well adapted to arid conditions, so exposing a 
species to a different climate or set of organic molecules resulted in a variation 
of that species that was inferior to its original form. Closely linked to this idea 
was Buffon’s conviction, shared by many at the time, that nature was arranged 
in a hierarchy of increasing perfection, with humanity at the pinnacle.71 Any 
changes in a living being’s form could, he thought, only move it downward 
along that scale. The absence of an idea of adaptation in Buffon’s thought can 
also be seen in his well- known statement that “all that can be, is” (“tout ce qui 
peut être, est”). As a firm believer in divine omnipotence and the plenitude of 
nature, Buffon was convinced that the Creator had fashioned “a world of re-
lated and unrelated beings, an infinity of harmonic and contrary combinations, 
and a perpetuity of destructions and renewals.”72 In such a world of variation 
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and change, it would be foolish to try to explain all organic forms in terms of 
adaptation.

Buffon’s vision of a world replete with diverse forms of life that had been 
divinely created but were also shaped by their surroundings left him with 
an ambivalent and inconsistent position on the significance of each species’ 
particular patterns of anatomical organization. On one hand, his interest in 
the ability of living beings to “reproduce” themselves across generations in 
recognizable form made him intensely interested in their anatomical structures 
and functions. On the other hand, if it was indeed true that all possible forms 
existed in nature, then there must necessarily be some forms— both entire spe-
cies and parts of an individual organism’s body— that were inferior to others 
or even useless. A bird’s feathers clearly helped it fulfill the function of flying 
through the atmosphere, as did much of the rest of its body, including its 
hollow bones and its powerful wing muscles. Why, then, were there species of 
birds with hollow bones and feathers that were nonetheless incapable of flight? 
Such cases seemed proof that the organization of living bodies did not always  
have a meaningful relationship with their surroundings or way of life. Unable 
to believe that species changed gradually over time in ways that left traces of 
the adaptations of their evolutionary ancestors, Buffon had little recourse but 
to speculate about nature’s endless variety.

Despite the ambiguities and contradictions of Buffon’s writings, he sug-
gested to naturalists of the following generation the importance of understand-
ing how and why the organization of a living body was related to the conditions 
in which it lived, whether those conditions were defined in terms of climate, 
diet, or some other factor. Indeed, naturalists such as Lamarck and Cuvier— the  
former a student of Buffon’s, the latter strongly influenced by him— made the 
question of functional organization one of the central preoccupations of their 
work.73 Although the two men disagreed on the answers, they started from 
the same premise: that even the most extravagant or apparently useless or-
gans resulted from a set of underlying organizational principles that could be 
discovered through the kinds of research they were pursuing at the museum. 
While each organism may well have been divinely created in perfect form, 
they thought, the purpose of its design was to enable it to survive under par-
ticular conditions, not to demonstrate divine omnipotence or nature’s endless 
creativity— much less to convey a particular moral lesson to humanity, as the 
compilers of medieval bestiaries had sometimes suggested.

The generation of naturalists that led the museum after its founding in 
1793 was also influenced by Buffon’s conviction that life could ultimately be 
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explained in material terms, although they largely abandoned his ideas of “or-
ganic molecules” and “internal molds.” Rather than assuming that a living 
thing was distinguished from other kinds of objects by the kind of matter it was 
made of, they argued that it was distinguished by the way in which ordinary 
matter was organized, although they often disagreed about precisely how that 
process of organization worked. Lamarck, for instance, believed that ordinary 
matter assembled itself into self- reproducing, self- organizing bodies that con-
stantly strove toward greater perfection in relation to the circumstances they 
faced. It was this process of organization, he argued, rather than any specific 
property of the matter they were made of, that distinguished living things from 
nonliving things.74 Cuvier, by contrast, saw no reason to believe that species 
were inherently self- improving, or indeed that they could change significantly 
over time. Nonetheless, he agreed that living beings were best understood as 
organized bodies in which each part contributed to the survival of the whole, 
and that it was this form of organization, rather than the fact that they were 
constituted by a special sort of living matter, that made them alive.75

The idea that the unique properties of living beings were determined by 
the structural and functional organization of their bodies had implications for 
practical research as well as for general theories of nature’s order. For Cuvier, 
for example, it was clear that all parts of an organism were so intimately re-
lated to each other and to the organism’s way of life that changes in any one 
organ would necessarily be reflected throughout the entire body.76 If birds 
were to be able to fly under the conditions of Earth’s gravity and atmosphere, 
for example, their skeletons would have to be both light and strong enough 
to be lifted by their powerful wings without breaking under the force they 
exerted. Formalized as the “correlation of parts,” this principle helped Cuvier 
reconstruct extinct species on the basis of fragmentary fossil evidence. It also 
suggested that nature’s creativity was bounded, since any living being that was 
not well organized in relation to what Cuvier described as its “conditions of 
existence”— the necessary relations between all its constituent parts in light of 
its role in nature— would, by definition, be unable to survive.77 “As nothing can 
exist if it does not assemble the conditions that render its existence possible,” 
he wrote, “the different parts of each being must be coordinated in such a man-
ner as to render possible the being in its totality, not solely within itself, but in 
its relations with those that surround it.”78 For that reason, it could hardly be 
true that nature was replete with both organized and disorganized living forms, 
as Buffon had argued half a century earlier. Rather, only those forms would 
exist that allowed living beings to survive under the conditions found on Earth.

While Cuvier rejected the idea that a species could transform into another 
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species over time, his colleague Lamarck saw the drive toward perfection— both 
within the lifespan of an individual plant or animal and across generations— as 
fundamental to the organization of living bodies. In some ways, Lamarck’s 
theory of species transformation bridged Buffon’s views and those of later 
“evolutionists” of the nineteenth century such as Charles Darwin.79 In the case 
of plants, he argued for something like Buffon’s explanation— namely, that any 
observable changes in a species were due primarily to the direct effects of cli-
mate, mechanical pressure, or the incorporation of particular kinds of food or 
other matter into their bodies.80 These direct effects did not necessarily make 
the plant species more adapted or more “perfect”; they were simply conse-
quences of the changed conditions in which it lived. For animals, however, the 
case was radically different. In order to accomplish basic functions of life such 
as respiration, digestion, locomotion, and reproduction, Lamarck argued, an-
imals had to be capable of changing their structure dynamically in relation to 
surrounding conditions. Their responses to surrounding conditions were not 
uniform, as those of plants were; rather, the effect of climate, diet, and other 
factors depended on the organization and aims of each particular kind of an-
imal. Over time, as animals sought to perfect themselves in relation to their 
changing surroundings, he believed, they would pass those changes on to their 
offspring, leading to the observable diversity of the natural world.81

More broadly, the focus on processes of organization changed the way nat-
uralists thought about the influence of external conditions on living beings. 
To begin with, it diminished the appeal of theories that attributed a direct 
mechanical influence to surrounding conditions— whether via “organic mol-
ecules” or some other means— since naturalists now believed that any such 
influence would be mediated by the distinctive way in which each organism 
was organized. The belief that external influences could be viewed as mate-
rial forms that left impressions on living beings, including Buffon’s idea of an 
“internal mold,” was gradually replaced by the idea of a functionally integrated 
organism seeking to survive and reproduce under certain conditions whose 
significance varied from organism to organism. This functional perspective 
also had implications for naturalists’ understandings of “climate” and “place.” 
Since the effect of climate was now understood to depend on the organization 
of each living body, it was no longer possible to make general claims about the 
effects of raising or lowering the temperature. Similarly, if each organism in a 
particular place was affected differently by prevailing conditions, then there 
was nothing that could be said in general about the character of plants, ani-
mals, and humans in specific geographical locations. Climate and place thus 
declined in importance as ways of explaining the character of living things, 
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becoming instead subordinate aspects of something broader that did not yet 
have a name.

The generation of naturalists after Cuvier and Lamarck took this line of 
thought even further. In his 1822 Treatise on Animals and in a series of lectures 
on physiology delivered between the late 1820s and early ’30s, for example, 
Cuvier’s student Blainville sought to explain life in terms of organisms, the 
external forces and materials that impinged on them, and what he called the 
“envelope” of organs that served as interfaces between the two.82 An organ-
ism’s effective world, he argued, was determined by the organs of sense and 
action arrayed upon its surface, whose precise character in turn reflected the 
organism’s inner structure and needs as well as the external conditions under 
which it developed. From this perspective, he argued, the “natural history 
properly speaking” of any given species consisted of “the different manners 
in which these combinations of organs . . . act on external circumstances to 
nourish and propagate themselves.”83 This view of life also suggested the need 
for new methods of research. In order to make meaningful claims about the 
relationship between a living being and its surrounding conditions, Blainville 
argued, naturalists would need to understand the precise physical and chemi-
cal processes that mediated between an organized body, on the one hand, and 
the external circumstances that it encountered, on the other.84

From the 1790s to the 1830s, most discussions of such issues were con-
ducted without using the words organism or environment. Instead, French 
naturalists deployed a wide range of terms to describe the conditions in rela-
tion to which living beings were organized, each with its own connotations and 
shades of meaning. These included milieu, usually understood in the limited 
sense of physical medium in which an organism lived (such as air or water), 
but also phrases such as external circumstances, surrounding influences, and 
many others. By the 1830s, the basic idea that lay behind this proliferation 
of terms was taken for granted by most French naturalists, many of whom 
had been trained by Cuvier, Lamarck, Geoffroy, Thouin, and others from 
the Muséum d’Histoire Naturelle. At the end of the decade, the philosopher 
Auguste Comte, a student and friend of Blainville’s and a close follower of  
the work of Cuvier and other Parisian naturalists, redefined milieu to mean 
“the total set of external circumstances, of whatever kind, necessary to the exis-
tence of each specific organism,” including the human organism.85 In doing 
so, he offered a singular term for a concept that had been developing under a 
variety of labels since the end of the eighteenth century. This was a concept 
that had become compelling not simply because it described nature accurately, 
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but also because the museum’s naturalists had built an institution and a set of 
practical techniques that made it visible for all to see.

B e y o n d  t h e  M u s é u m  d ’ H i s t o i r e  N a t u r e l l e

If the concepts of “organism” and “environment” had remained tightly linked 
to the naturalists at the museum and their research methods and theoreti-
cal preoccupations, it seems unlikely that these concepts would have been as 
widely adopted as they were by the middle of the nineteenth century. Instead, 
as naturalists developed new techniques for studying the relationship between 
organisms and their environments, they gradually came to recognize the limits 
of the Muséum d’Histoire Naturelle and institutions like it. They began seek-
ing out new venues where they could explore alternative methods of research, 
collaborate with experts in other domains, and explore the practical implica-
tions of their theories on a grander scale than was possible within the confines 
of the museum and its garden and menagerie. The result was the beginning 
of a process that would continue over the following two centuries in an even 
wider range of situations and with even more fundamental adjustments in the 
ways that environments were conceived— namely, a process of adopting and 
reshaping the concept of environment to suit new needs and circumstances.

One path away from the museum led toward the physiology laboratory, 
which would become the site of many of the most striking scientific advances 
in the emerging field of biology in the nineteenth century. In at least one im-
portant case, this turn toward the laboratory was motivated partly by institu-
tional politics. After a falling- out with Cuvier in 1817, Blainville was effectively 
banned from the use of the collections for a number of years. Working under 
this not insignificant constraint, he concentrated his efforts on studies that did 
not require access to large collections but instead could be carried out with 
only a few anatomical specimens.86 He began to explore the use of methods 
and venues beyond those of museum- based comparative anatomy, includ-
ing those of medicine and physiology, at the same time that he continued to 
build on the idea of functional organization advocated by his mentor and rival  
Cuvier. In his own work, he persisted in carefully dissecting and describing the 
internal structure of the organism in relation to its conditions of existence, but 
he and his students and followers also began to conduct experimental tests of 
the physiological functions of the organs that they believed mediated between 
an organism’s internal structure and its external conditions.87

In this way, Blainville’s more or less accidental exclusion from the museum 
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in the late 1810s and ’20s encouraged him to take his interest in the functional 
organization of living beings in a new direction. It shifted his attention from 
the kind of comparative anatomy advocated by Cuvier to new forms of physi-
ological experimentation that aimed not merely to show that the form of an or-
ganism corresponded to its role in nature but also to reveal the precise physical 
and chemical mechanisms by which that correspondence was mediated. One 
of those who followed him in pursuing this approach was Jean- Louis- Maurice 
Laurent, a protégé of Thouin who was deeply familiar with the methods and 
ideas developed at the museum at the beginning of the century but also ea-
ger to move beyond them through the methods of experimental comparative 
physiology advocated by Blainville.88 As editor of the Annales Françaises et 
Étrangères d’Anatomie et de Physiologie, a journal founded in 1837 to champion 
the new approach, Laurent published both his own and others’ experiments 
on the influence of surrounding conditions on the development and function-
ing of living beings. In the first issue of the journal, for example, he reported 
that he had been able to suspend and resume the development of a certain 
species of mollusk by submersing its embryos alternately in aerated and non-
aerated water, a result that indicated the critical relationship between external 
conditions and internal developmental processes.89

Another path away from the museum led toward studies of the relationship 
between organisms and their environments in the places where those organ-
isms were originally found. The work of Alexander von Humboldt, probably 
the museum’s most renowned correspondent, was particularly influential in 
this regard. Rather than assuming that climatic zones were sufficient to ex-
plain the distribution of plants across the surface of Earth, Humboldt sought 
to characterize the conditions under which plants grew in terms of various 
physical factors— temperature, precipitation, sunlight, air pressure, soil chem-
istry, and so forth— that could be precisely quantified, tabulated, and mapped. 
He thereby contributed to the emergence of the concept of environment as 
distinct from both place and climate that had been articulated in much of the 
work conducted at the museum from the late eighteenth century onward.90 
He also adapted the concept to his own purposes, focusing much more on 
the quantification and mapping of variations in physical parameters than the 
naturalists of the museum had done.

The influence of these methods and concerns can also be seen in the work 
of the Swiss botanist Augustin Pyramus de Candolle, who had spent a decade 
in Paris studying and working under Lamarck after the French annexation of 
Geneva in 1798 and who was a close follower of Humboldt’s work.91 In addi-
tion to working with the collections of the Muséum d’Histoire Naturelle and 
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its garden, Candolle had extensive experience collecting living plants in the 
field, including carefully observing the conditions under which they grew. In 
an 1820 essay on botanical geography, he proposed a conceptual distinction 
between the “habitations” of plant species, which he defined as their distribu-
tion across Earth’s surface, and their “stations,” which he defined as the cli-
mate, soil, and other conditions under which particular varieties of plants were 
capable of growing. “Certain plants, according to their organization, have need 
of certain conditions of existence,” he wrote; “one cannot live where it does 
not find a certain amount of salt water; the other where, at a particular time of 
year, it does not have such an amount of water or such an intensity of sunlight, 
etc.”92 The best place to determine those conditions, Candolle argued, was in 
the field, by traveling researchers who gathered not only specimens but also 
“precise and varied details on the stations and habitations of plants.”93 In this 
way, he helped bring the emerging concept of environment beyond the walls 
of the museum and into the field.

The idea that life could best be understood in terms of the relationship 
between organisms and their environments also inspired French naturalists 
to propose ambitious breeding projects that were not easily accommodated 
within confines of the garden or the menagerie. In the menagerie in particu-
lar, efforts to acclimatize exotic species to Parisian conditions had been con-
strained by limited resources and conflicting priorities. Especially problematic 
was the museum’s effort to maintain a diverse collection of novel animals that 
would attract the interest of the public and enrich the galleries of comparative 
anatomy after their deaths, which discouraged the keeping of numerous spec-
imens of any one kind of animal— precisely what was needed to support an 
effective acclimatization program. In any case, keeping any number of animals 
alive and reproducing in the cramped quarters of the menagerie proved to be 
a virtually insurmountable challenge. As a result, despite Frédéric Cuvier’s 
experiments with hybridization in the early decades of the nineteenth century 
and his outspoken advocacy of acclimatization projects from the 1820s on-
ward, few long- term experiments in acclimatization were conducted during 
his term as keeper.94

By the 1830s, it had become clear that success in acclimatizing exotic an-
imals to France or to its colonies, including the newly conquered territory 
of Algeria, would require larger facilities dedicated specifically to the task. 
After Frédéric Cuvier’s death in 1838, management of the menagerie was put 
in the hands of Geoffroy’s son Isidore Geoffroy Saint- Hilaire, a firm believer 
in the possibility of species transformation. In a 1861 report on the Acclimati-
zation and Domestication of Useful Animals, he argued that the “character of 
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organized beings, fixed for each species as long as it perpetuates itself within 
the same circumstances, is modified if the ambient circumstances come to 
change.”95 Appearing two years after Charles Darwin’s Origin of Species in-
troduced a new model of evolution by natural selection, the report reflected an  
increasing acceptance of the idea that species could change radically in re-
sponse to the external conditions they faced, which included other living be-
ings.96 It also had direct implications for acclimatization. Over the course of 
several generations, Isidore Geoffroy argued, exotic animals accustomed to 
warmer, drier climes could be protected long enough to adapt to Parisian con-
ditions; eventually, they would develop thicker pelts and hardier constitutions 
that would be passed on to their offspring as heritable traits. As part of his 
advocacy for such experiments, Geoffroy established the Société Zoologique 
d’Acclimatation in 1854, as well as a farm dedicated solely to acclimatization, 
the Jardin Zoologique d’Acclimatation, in 1861.97 Whereas the menagerie had 
helped make the distinction between the organism and its environment visible, 
the Jardin d’Acclimatation sought to apply it on a large scale.

In the middle decades of the nineteenth century, naturalists associated with 
the Muséum d’Histoire Naturelle also began to consider how the methods that 
they had developed might be applied both to individual human beings and to 
entire human societies. In their wide- ranging 1847 volume on the History of the 
Sciences of Organization and Their Progress, as the Foundation of Philosophy, 
Blainville and François- Louis- Michel Maupied argued that the role of natural 
history within the grand scheme of human knowledge was to shed light on the 
chain of being that began with the lowest organisms and rose gradually toward 
its pinnacle, humanity.98 As one ascended this chain or series, they argued, one 
observed an increasingly nuanced, complex, and extended set of processes 
mediating between the organism and its surroundings. In understanding this 
relationship, zoology had a special role to play, according to Blainville and 
Maupied. Seen not as the science of animals but rather as the science of rela-
tions between organized bodies and their surroundings, zoology became the 
highest and most refined means through which humanity could improve its  
own relationship to its environment. Its scope was thereby expanded to in-
clude “all the sciences that relate to man and to animals, including that of 
their education and their government.”99

These kinds of ideas helped create a bridge between the study of organisms 
and their environments and the reform of human societies, one that would 
give the concept of environment a tremendously broad scope in subsequent 
decades, even as it continued to be adapted to specific circumstances and 
purposes. In the French context, the central role given to milieu in Comte’s 
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system of “positive philosophy” was perhaps the most explicit expression of 
this broadening of the concept beyond its roots in natural history. Like Blain-
ville, Comte understood life as being arrayed in a series from least to most com-
plex, with humanity at the top. As one ascended the series, organisms became 
both more sensitive to the conditions surrounding them and more capable of 
changing those conditions.100 In light of humanity’s unique combination of 
vulnerability and power, Comte sought to develop an ambitious system— first 
a systematization of all the sciences, and later an all- encompassing secular 
religion of positivism— that would improve humanity’s relationship with its 
surroundings. Among the many people influenced by this explicitly “envi-
ronmental” view of the cosmos was the British philosopher Herbert Spencer, 
who— drawing on a loose translation of Comte’s Cours de Philosophie Positive 
by Harriet Martineau— was largely responsible for introducing the term en-
vironment into English- language scientific discourse in the second half of the 
nineteenth century.101

*

In an 1808 report to Napoleon on the state of the sciences in France, Cuvier 
compared life to a “continual vortex, of which the direction, as complicated 
as it is, remains constant, as does the type of molecules that are carried along 
with it, but not the individual molecules themselves.”102 Life was not a specific 
kind of matter, in other words, but a way of organizing matter. In one sense, 
the Muséum d’Histoire Naturelle, too, was an organized vortex, pulling in 
specimens and observations from around the world and structuring them to 
reveal the principles that governed the relationships between organisms and 
their environments. That vortex did not operate in a vacuum, however. Instead 
it was highly dependent— as Cuvier’s report to Napoleon also suggested— on 
the efforts of the French state to expand its imperial reach both within and 
beyond Europe. Without it, Cuvier and his colleagues would likely have had 
many fewer specimens to study, far fewer resources to do so, and less motiva-
tion to understand the conditions necessary for organisms to thrive far away 
from their places and climates of origin. In this sense, the emergence of the idea 
that life can best be understood in terms of the interactions between organized 
bodies and the conditions necessary for them to flourish cannot be understood 
without taking the history of European empires into account.

The image of the Muséum d’Histoire Naturelle as an organized whirlpool 
also suggests the importance of physical setting and practical techniques for 
the emergence and adoption of new concepts such as “organism” and “en-
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vironment.” In the course of their efforts to understand and manipulate the 
conditions of existence of diverse animals and plants from around the world, 
museum naturalists became intimately connected to certain aspects of the 
world and not to others. We cannot understand their changing relationship 
to the natural world solely by paying attention to the theories and concepts 
they expressed in books and in journals such as the Annales, as if writing alone 
were capable of bringing new ways of being into the world. Rather, we need 
to look at the specialized practices, associated with particular artifacts and 
settings, that allowed these naturalists to observe and manipulate the relation-
ships between organisms and their conditions of existence. These practices of 
collecting, classifying, and experimenting with living and preserved specimens 
motivated naturalists to develop new concepts, and helped them transform the 
everyday worlds around them in ways that made concepts such as “organism” 
and “environment” increasingly plausible.

Examining a community of people who adopted these concepts after long 
making do without them— indeed, one of the first, if not the very first, commu-
nities to do so— also helps us understand how the idea of “environment” (or 
milieu, in the French case) differed from what might seem in retrospect like 
closely allied concepts, such as “climate” and “place.” There is no universal 
answer to this question, since each community is different, but there are pat-
terns that can be identified in each specific case. For French naturalists at the 
beginning of the nineteenth century— some of whom had been trained by Buf-
fon and all of whom were influenced by his work— the idea of the functional 
organization of living beings in relation to what Cuvier called their “conditions 
of existence” and “role in nature” was essential. More an overarching question 
than a predetermined answer, this view of the living world focused their at-
tention on the processes that transformed unorganized matter into organized 
living bodies. Through such processes of organization, they came to believe, 
each living being encountered the world in its own way.

Finally, looking at the development of techniques, practices, and concepts 
of “organisms” and “environments” at the museum from the late eighteenth 
century to the mid- nineteenth century helps us see how a concept that origi-
nally emerged within one specialized setting could be translated and adapted 
to serve in other settings— sometimes of a radically different character. After 
the mid- nineteenth century, the museum’s status as Europe’s preeminent insti-
tution of natural history faded, as indeed did the reputation of natural history 
itself in comparison to new scientific disciplines such as biology and geology. 
By that point, however, the concept of environment that the museum had in-
cubated had made its way, with various refinements and adaptations, into a 
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wide range of other fields, from the kind of botanical geography advocated by 
Humboldt and Candolle to the practical experiments in acclimatization pur-
sued by Isidore Geoffroy to the grand projects of systematization and social 
reform advocated by Comte and Spencer. The following chapters explore a 
variety of communities of scientists, reformers, and activists that carried the 
concept even further afield, in each case with the help of specific techniques, 
practices, and settings. The next chapter turns to British physicians of the 
mid- nineteenth century who adopted new methods of medical statistics in 
the hope of preventing or treating disease in their nation’s expanding empire.



C h a p t e r  2

Environments of Empire:
Disease, Race, and Statistics in 

the British Caribbean

In its milder forms, yellow fever’s symptoms include fever, headache, nausea, 
and fatigue, none of which clearly distinguish it from a number of other dis-
eases. At its severest, however, the telltale signs are clear: high fever, jaundice, 
bleeding, shock, and organ failure, almost always ending in death. In late 1866, 
these dreaded symptoms of the disease sometimes known as “yellow jack” 
began to appear among sailors, soldiers, and civilians in Jamaica.1 First noticed 
among sailors and merchant marines at Port Royal who had most likely been 
exposed to the disease by one of the many ships calling at Kingston from ports 
elsewhere in the Caribbean, it spread rapidly across the island.2 By February 
1867, it had reached troops stationed at Up- Park Camp, the main barracks 
for British soldiers at Kingston. The pace of the epidemic seemed to slow in 
March and April, but it quickened again in the following months. Its impact 
was felt especially in coastal towns but also reached the highlands, including 
Newcastle, a British hill station located above 3,800 feet in the Blue Moun-
tains. By the time the epidemic had run its course at the end of 1867, official 
army statistics reported the deaths of thirty- one noncommissioned officers 
and enlisted men, five officers, and five women among the military population, 
along with many more of the island’s civilians.3

At a time when the causes of yellow fever were disputed and treatments 
were largely ineffective, British authorities responded to the disease primarily 
by relocating soldiers to parts of the island that it seemed unlikely to reach— in 
particular, high- altitude areas like the Blue Mountains. In February, three sol-
diers diagnosed with fever at Up- Park Camp were sent to Newcastle in the 
hope that the altitude and climate of the station would do them good. Al-
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though all three died within days of their arrival, army commanders continued 
to believe in the protective effect of higher altitudes. After the death of an-
other soldier at Up- Park Camp in April, they ordered most white troops to be 
moved to Newcastle, although troops of African descent, whom they assumed 
to be largely immune to the disease, were left at coastal stations. Not only did 
soldiers and sailors who had already contracted the disease in the lowlands 
continue to sicken and die, however, but even those in seemingly perfect health 
were struck down, including members of the 84th Regiment who had made 
the short trip to Newcastle immediately after arriving in Jamaica from Malta.4

Disturbing as it must have been to those who lived through it, the 1866/67 
epidemic of yellow fever was neither the first in Jamaica nor the deadliest. 
The disease had reached epidemic proportions on the island as recently as 
the mid- 1850s, and earlier in the century it had regularly carried off a signif-
icant proportion of British troops even in years without epidemics.5 Other 
diseases such as cholera and malaria also took a heavy toll. Nonetheless, the 
1866/67 yellow fever epidemic was troubling to army officials because of its 
extensive impact at Newcastle, which the army had relied on as a refuge from 
lowland fevers.6 Its faith in the protective effect of high altitudes shaken, the 
Army Medical Department appointed a commission to document the course 
of the epidemic and investigate the factors that affected it.7 Submitted in Sep-
tember 1868, the final report of the commission included a map of Jamaica, a 
description of the island’s topography and climate, a survey of the health of the 
population immediately before the outbreak, and accounts of every known or 
suspected case.8 It focused especially closely on Newcastle, providing detailed 
information about its climate, architecture, layout, sanitation, and surrounding 
vegetation. Complementing these maps and descriptions were statistical tables 
displaying in quantitative terms the variable impact of the epidemic at different 
places and on people of different kinds.

The commission’s use of maps and statistics to study the epidemic reflected 
changes during the preceding decades in how British physicians had come 
to understand the relationship between external conditions and the health of 
individuals. Taking advantage of an expanding British infrastructure of mil-
itary stations during a period of relative peace between European empires, 
army physicians had gathered masses of data on disease prevalence among 
soldiers and sailors stationed around the world. They used these data to test in 
quantitative terms some of the generalizations that had emerged from the long 
British tradition of neo- Hippocratic medicine— that is, medical theories and 
practices inspired by the writings of the ancient Greek physician Hippocrates 
on the effect of “airs, waters, and places” on health.9 While the findings of these 



F i g u r e  4 .  Sketches of the Newcastle hill station published in the 1870s, depicting among 
other things a coffin containing a “victim to Yellow Jack.” (Reprinted from “Sketches at New-
castle, Jamaica,” Graphic, April 20, 1878, 400.)
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medical statisticians confirmed some of the claims of neo- Hippocratic physi-
cians, they disproved others or showed that they were valid only under certain 
circumstances. Those disputed claims included the idea that high altitudes 
offered sure protection against diseases such as yellow fever. High altitudes 
were indeed associated with lower prevalence of such diseases but did not 
prevent them entirely. The interactions between bodies and their surround-
ings were more complex than could be captured by altitude or temperature 
alone, albeit in ways that medical statisticians acknowledged were still beyond 
their understanding.

The concept of environment was adopted and adapted by British phy-
sicians in the last decades of the nineteenth century to make sense of these 
complexities. It expressed an emerging consensus that disease could best be 
understood as the result of a disordered relation between a functionally in-
tegrated human body and the external conditions that it required to survive 
and flourish, rather than as the result of “humors” in the human body that 
could be thrown out of balance by influences from its surroundings. This shift 
in perspective was linked to an intensified focus on personal hygiene, waste 
disposal, and other sanitary measures, as well as to research on the role of 
nonhuman organisms— particularly bacteria, viruses, and insects— in causing 
and spreading infectious diseases. Yellow fever outbreaks, for example, were 
no longer seen as the product of mysterious interactions among place, climate, 
season, and constitution, but rather as the biological actions of a microscopic 
disease agent transmitted to human bodies by mosquitoes that flourished un-
der particular conditions. In this view, in contrast to the older neo- Hippocratic 
medicine, there was nothing inherently unhealthy about any particular climate 
or place; rather, disease emerged when living beings organized in particular 
ways encountered physical and biological environments for which they were 
poorly suited.

In the context of the nineteenth- century British Empire, physicians’ emerg-
ing environmental understanding of health was heavily inflected by preoccu-
pations with racial difference. In Jamaica, for example, the abolition of slavery 
in 1838— just over three decades after the abolition of the transatlantic slave 
trade— had led to decades of struggle between white plantation owners who 
sought to maintain their rule over the island and black Jamaicans who de-
manded economic opportunity and political enfranchisement. In this con-
text, claims about the differential biological vulnerability of various races to 
tropical diseases had profound political implications. Both imperialists and 
anti- imperialists marshaled medical statistics and biological theories of racial 
difference to argue that the bodies of Africans were organized in such a way as 
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to thrive under the conditions of plantation labor in the Caribbean, while the 
fragile bodies of Europeans required special protections to survive in tropical 
environments. Influenced by the social and material conditions they encoun-
tered at the front lines of the imperial project, British medical officers adapted 
the concept of environment to their own unique circumstances and aims in 
ways that preserved existing racial and social hierarchies. Even after the British 
presence in the Caribbean faded and new theories of “germs” were developed 
to explain disease, these hierarchies continued to shape the way health was 
understood.

C o l o n i z i n g

Just as naturalists at institutions such as the Muséum d’Histoire Naturelle in 
Paris benefited from the global expansion of European empires from the fif-
teenth century onward, so did physicians benefit from opportunities to ob-
serve how people of different types sickened or thrived as they moved from 
one region of the world to another. For British physicians in particular, the 
growth of their nation’s empire in the nineteenth century and its reorientation 
toward tropical regions of Asia, Africa, and the Americas in the wake of the 
loss of most of its North American territory offered expanding horizons and 
new sources of data. People, diseases, and information circulated at acceler-
ating rates as new colonies, many of them in tropical climates, were acquired 
and linked into a global network of trading routes, naval ports, and military 
stations.10 As integral parts of this network, British medical officers were well 
positioned to observe the sometimes deadly results of displacing human be-
ings from their native climates, places, and communities and subjecting them 
to a variety of new conditions. Their observations, records, and experiments— 
some intentional, some accidental— gradually provided the foundation for a 
new understanding of sickness as the product of a disordered relationship 
between the human organism and its environment.

The world they observed had already been reshaped over centuries by 
the movements of people and diseases that had been catalyzed by European 
exploration and colonization. In populations that had not previously been 
exposed to highly virulent Old World diseases such as smallpox and yellow 
fever, the absence of immunity acquired through exposure during childhood 
had contributed to extraordinarily high rates of mortality among indigenous 
populations.11 The effects were often exacerbated by the social and ecological 
disruptions that resulted from European colonization, which compromised 
the ability of indigenous communities to fight off infections and care for the 
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sick.12 While some of these disruptions were intentional— indeed, some were 
explicitly genocidal— others were more or less accidental. In the Caribbean, 
for example, the conquest, enslavement, and displacement of the indigenous 
Taíno population was followed by changes to the landscape that unleashed 
new sources of disease, including deforestation and the proliferation of pits, 
tanks, and other opportunities for stagnant water to gather on and around 
plantations. Although Europeans at the time were unaware of it, these changes 
expanded the habitat for the mosquito species that transmitted yellow fever, 
a disease most likely introduced to the Caribbean by slave ships in the six-
teenth or seventeenth century.13 These newly arrived diseases had major de-
mographic consequences that compounded the direct effects of European 
colonization. By the time the British took Jamaica from the Spanish in the 
mid- seventeenth century, for example, the Taíno population had been nearly 
eliminated by military conquest, social disruption, and harsh labor conditions, 
as well as by smallpox, yellow fever, and malaria.14

Differential vulnerability to disease also shaped the demographics of the 
Caribbean through the transatlantic slave trade, which brought millions of 
West Africans to labor on sugar, cotton, indigo, and coffee plantations on Ja-
maica and other fertile Caribbean islands and coastal areas from the sixteenth 
century to the beginning of the nineteenth century.15 Coming from places 
where smallpox and yellow fever were endemic, West Africans forced to labor 
on Caribbean plantations proved less vulnerable to those diseases than the 
region’s indigenous peoples. They benefited from immunity acquired during 
childhood exposure to disease as well as from healing traditions— both their 
own and those they learned from indigenous Americans— that did not cure 
the disease but sometimes eased its symptoms and, in any case, did less harm 
than most European forms of treatment.16 Over time, the proportion of people 
of African descent in the Caribbean continued to grow even as indigenous 
populations collapsed. Meanwhile, the population of European settlers grew  
only slowly, in part because plantation owners avoided living in the region for 
fear of infection.17 The result was that by the time slavery was abolished in 
Jamaica, people of African descent made up approximately 84 percent of the 
population of the island, with the rest consisting mainly of a small ruling class 
of white plantation owners, merchants, and colonial officials.18

Tropical diseases and differential vulnerability to them— due not to inher-
ent biological differences among races but rather to variations in exposure 
and in the social capacity to cope with disease— also affected the ability of 
European armies to conquer territories, establish permanent colonies, and 
suppress rebellions. While most European communities were familiar with 
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the horrors of smallpox, those in Britain and other northern regions of the 
continent were spared diseases such as yellow fever and malaria that were 
carried by species of mosquitos that could not survive the northern winters. 
Combined with the ordinary sanitary problems of all military encampments, 
the exposure of immunologically naive populations of European soldiers to 
tropical conditions resulted in high rates of morbidity and mortality. At the 
turn of the nineteenth century, for example, British and French attempts to 
suppress the Haitian revolution failed largely because of disease.19 Among the 
British troops sent to what was then the French Caribbean colony of Saint- 
Domingue between 1793 and 1798, approximately two- thirds of died of yellow 
fever and other diseases.20 Similarly, the French attempt to retake the colony 
in 1802 was stymied by the loss of 35,000 to 45,000 soldiers out of a total 
force of 60,000 to 65,000, most of them to yellow fever.21 At the same time, 
the disease left the rebels, many of whom had probably acquired immunity 
through childhood exposure, largely unscathed— an advantage that Toussaint 
Louverture and other Haitian leaders strategically exploited over the course 
of their successful revolt.22

Even when tropical diseases did not prevent Europe’s imperial states from 
acquiring colonies or suppressing rebellions as they did in Haiti, they placed 
a heavy burden on their armies and navies. Disease consequently remained a 
central preoccupation of military commanders, medical officers, and colonial 
administrators throughout the nineteenth century in times of both war and 
peace. In Jamaica, for example, the British lost about 8,000 men to yellow 
fever during the Napoleonic Wars even though the island never became a site 
of active combat, and annual losses to diseases of all kinds among soldiers 
stationed there remained over 10 percent through the 1830s.23 Yellow fever 
remained a scourge of British troops until the last third of the nineteenth cen-
tury. In 1840/41, for example, an epidemic carried off 282 soldiers in a force of 
1,153— a mortality rate of nearly 25 percent.24 In subsequent decades, deaths 
from disease among British troops in Jamaica declined dramatically, probably 
due to sanitary reforms and the use of high- altitude stations such as New-
castle.25 Nonetheless, disease mortality continued to exceed mortality from 
any other cause, and death rates at military posts in tropical regions remained 
higher than rates in the British Isles or temperate North America through 
the end of the century.26 Despite the absence of yellow fever in India, for ex-
ample, British troops there suffered enormous casualties in the first half of 
the nineteenth century from diseases such as malaria, typhoid, dysentery, and 
cholera.27 In 1863, an official report calculated that more than 5,800 of the 
approximately 70,000 British soldiers stationed in India— that is, more than 
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8 percent— were in hospital beds at any given time, while more than 4,800 
died of disease annually.28

While the accuracy of such numbers should not be overestimated, the fact 
that statistics are available at all is a product of changes in the British Empire in 
the nineteenth century that encouraged British physicians to study in quantita-
tive terms the relationship between an individual’s health and the external con-
ditions he or she encountered.29 One major factor was the shift in the British 
Empire’s center of gravity from temperate North America to the plantations 
of the Caribbean and the new colonies in India, East Asia, the Middle East, 
Africa, and Oceania.30 As the geography of empire changed, physicians’ views 
of tropical disease vulnerability changed along with it. Rather than celebrating 
the comparative healthiness of colonists of North America in relation to indig-
enous populations that had been devastated by smallpox and other Old World 
diseases, they became concerned about the fragility of British soldiers and 
sailors in tropical regions where the indigenous inhabitants seemed to thrive 
despite the presence of virulent diseases such as yellow fever and malaria.31 At 
the same time, British physicians benefited from the increasingly formal and 
bureaucratic institutions of the empire. In the decades following the Napole-
onic Wars, the newly established Army Medical Department sought to iden-
tify the causes of disease among British troops through a project of statistical 
record- keeping.32 This project took advantage of Britain’s expanding imperial 
infrastructure of naval ports, army encampments, hill stations, and medical 
staff, which facilitated the gathering of detailed accounts of morbidity and 
mortality rates for populations of men whose characteristics could be precisely 
determined and whose living conditions were tightly regulated.

The implications of such studies went well beyond concerns about the 
health of soldiers and sailors. In Jamaica, for example, they shaped the way 
British colonial administrators and military commanders responded to the 
political and economic struggles that followed the abolition of slavery. Along 
with shifts in the global market for cane sugar (the island’s main export), eman-
cipation undermined the economic and political power of the white plantation 
owners. In its wake, they sought new means of defending their position of 
dominance, even as the island’s black peasants and political leaders pressed 
the colonial government to expand their rights as British subjects.33 Exacer-
bated by drought, these tensions reached their violent climax in the Morant 
Bay Rebellion of 1865, which began with a peaceful demonstration by black 
peasants, developed into an armed rebellion, and ended with the massacre of 
hundreds of Jamaicans by British troops.34 The aftershocks of the rebellion 
and massacre were still being felt when the medical commission launched 
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its investigation of the yellow fever epidemic of 1866/67 and shaped the way 
its findings were interpreted.35 If the health of British troops could not be 
protected even with the help of hill stations such as Newcastle and the most 
advanced medicine of the day, the troops’ ability to suppress rebellions such as 
the one that had taken place just two years earlier would be severely compro-
mised. More broadly, if Europeans proved to be inherently and irremediably 
vulnerable to tropical diseases, the future of the empire throughout the tropics 
would be thrown into question.

By attending to the social and material conditions of health in Britain’s 
tropical empire, we can see how a single process— in this case, the colonization 
and exploitation of Jamaica and other Caribbean islands— affected both the 
world that physicians were trying to understand and the methods available 
for them to study it. Physicians back in the British Isles were also trying to 
understand the causes of disease, but they did so with a very different set of 
resources and motivations. As the country industrialized, many of them turned 
their attention to the working- class masses concentrating in major centers of 
industry and trade, whose notoriously poor health was simultaneously a social 
and an economic problem. Their findings and theories resembled in many 
respects those developed by British medical officers in the tropics around the 
same time— and indeed, they were tightly connected to them— but they also 
differed in critical ways. Unlike in the factories of Manchester, Liverpool, or 
London, the plantations and ports of Jamaica and other Caribbean islands 
brought people from Africa, the Americas, and Europe together under con-
ditions that facilitated the spread of deadly diseases. Thus, in comparison to 
their colleagues in the British Isles, medical officers in the tropics were far 
more concerned with the relationship among racial types, external conditions, 
and disease.

C o m pa r i n g

In the period from the end of the Napoleonic Wars in the 1810s to the eruption 
of the Crimean War in the mid- 1850s, British medical officers exercised little 
influence over the living conditions or the behavior of the soldiers and sail-
ors they treated. Their prophylactic recommendations were viewed as costly, 
inconvenient, and ineffective by army commanders and navy captains, and 
were consequently mostly ignored. Usually called in to treat disease only as 
a last resort, the treatments they had to offer were rarely successful. This was 
particularly true for yellow fever, which in its severe form continues to have a 
high mortality rate today and which in the early nineteenth century was often 
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treated with purgatives, bloodletting, or preparations of cinchona bark, each 
of which had passionate advocates and none of which was capable of reliably 
changing the course of the disease.36 Despite or even perhaps because of these 
disadvantages, medical officers stationed in the tropics took advantage of their 
opportunities to observe the relationships between disease outbreaks, the con-
ditions under which soldiers and sailors lived, and the personal characteristics 
of those affected. Although they did not yet describe health in terms of the rela-
tionship between “organisms” and their “environments,” they gathered a rich 
store of observations that would later serve as the foundation of an account of 
health rooted in a biological understanding of the human organism and the 
conditions it required to thrive.37

One of the few advantages that medical officers stationed at British military 
posts in the tropics had over their colleagues back home was the opportunity 
to observe and compare the health of large groups of men of various races, 
origins, and histories of exposure to tropical conditions. Partly because of the 
high mortality rate of British troops in the tropics, new infusions of troops 
were constantly arriving, which meant that at most times a medical officer 
could observe soldiers who had arrived within the previous months as well as 
those who had been resident for many years or even decades. In Jamaica in the 
early 1830s, for example, about one out of every seven soldiers present at any 
given time had arrived within the previous two years.38 Physicians serving in 
the tropics also gained numerous opportunities to observe the health of people 
of various races. In the Caribbean, for example, the British army included 
troops of both European and African descent. The number of white troops 
stationed in Jamaica in the two decades after Waterloo ranged from 2,000 
to 4,000; at the same time, there were also a large number of black troops in 
Jamaica who were stationed separately and seemed to suffer from a somewhat 
different range of maladies.39 When an epidemic broke out, physicians were 
able to compare the relative vulnerability of each of these groups and draw 
conclusions about the factors predisposing them to disease.40

British medical officers also had many opportunities to observe the health 
effects of local variations in weather, topography, and other conditions, all of 
them “tropical” but nonetheless distinct. While most military stations in the 
Caribbean as elsewhere were located close to coastlines or rivers for reasons 
that were both logistical and strategic, their surroundings varied widely from 
station to station. All the islands in West Indies could be characterized as hav-
ing a tropical climate, for example, but there was wide variation in topography 
and weather from island to island. Some were dry, flat, and exposed to strong 
winds, while others were wet, thickly vegetated, and sheltered. Even within a 
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single island such as Jamaica, the conditions in lowland coastal areas differed 
dramatically from those in the highlands, while the presence or absence of 
marshes, forests, or rivers close to military stations could fundamentally trans-
form the soldier’s experience of the tropics. As one observer noted of Jamaica’s 
highly variable landscape, despite its “tropical” location, “almost any variety of 
climate may be procured.”41 During times of active combat, moreover, a single 
body of troops might move from one station or encampment to another that 
was situated in the midst of quite different conditions.

In addition to comparing the health effects of geographical variations across 
military stations, physicians also had many opportunities to observe the role 
of variations in clothing, housing, and sanitation in either reducing or exac-
erbating the effects of climate and place. Most soldiers at any given station 
were required to wear a standard outfit, but the nature of that outfit differed 
across time and place in relation to local circumstances, available materials, 
and the preferences of individual army commanders. Usually intentionally 
different from the clothing worn by local civilian populations, these outfits 
were often suspected of promoting or hindering adaptation to the challenges 
of tropical climates for European bodies. Flannel, for example, was deemed 
by the physician Robert Jackson— who spent several long periods in the West 
Indies between the 1770s and the 1810s— to be useful for soldiers in Europe 
but harmful in the tropics, where he thought it led to excessive heat and per-
spiration.42 Housing also varied significantly across military stations and even 
within a given station, and physicians sought to determine whether providing 
soldiers with insufficient sunlight, ventilation, or space contributed to disease 
outbreaks. Moreover, the sanitary state of military stations— particularly the 
cleanliness of living quarters, the disposal of waste, and the management of 
water and vegetation— varied both across different stations at any given time 
and across time at any given station.

Even in the worst epidemics and among soldiers of the same race who had 
been provided with precisely the same equipment and exposed to precisely 
the same conditions, some soldiers clearly fared worse than others. Physicians 
therefore paid close attention to the personal characteristics and behaviors of 
individual soldiers in search of factors that made them more likely to fall ill. In 
particular, they suspected that heavy food, strong drink, sexual promiscuity, 
and intense physical exertion were particularly risky for soldiers not yet ac-
climatized or “seasoned” to the tropics.43 Physicians also paid close attention 
to the mental or emotional state of soldiers, noting that some were intensely 
fearful of falling ill while others remained sanguine about their prospects, and 
that the former seemed more likely to succumb to disease than the latter.44 Ac-
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cording to James M’Cabe, a medical officer stationed in the West Indies in the 
mid- 1810s, this was partly because such a fearful state was damaging to health 
in itself, but also because those who succumbed to fear often indulged “in  
excesses which in any country or climate would ruin the constitution, until  
in the end they are really overtaken by the disease which their own imagina-
tions had represented to them the impossibility of escaping.”45 “Moral” causes 
thus played a prominent role in M’Cabe’s understanding of tropical disease, 
as it did in the theories of many other physicians of the time.46

Over the course of the mid- nineteenth century, intensified efforts by the 
British army to reduce disease rates also provided medical officers with new 
opportunities to observe relationships between the conditions of the tropics 
and the health of soldiers. From the 1820s onward, for example, the army’s 
increasing reliance on hill stations such as Newcastle as refuges from tropical 
disease allowed physicians to observe the effects of moving a given individual 
or group of soldiers from one altitude to another.47 The use of hill stations 
rested on a commonplace of early- nineteenth- century neo- Hippocratic med-
ical geography— namely, that diseases such as yellow fever that were associated 
with the heat, moisture, and marshes common in coastal and lowland areas 
would be absent at higher altitudes and cooler temperatures.48 The devastat-
ing yellow fever epidemic of 1840/41 led the commander of the British troops 
in Jamaica at the time, William M. Gomm, to note that British troops in low-
land areas had “sunk under a malady from which the mountain stations of the 
height here adverted to are entirely exempt.”49 Gomm’s decision to establish 
Newcastle as a refuge was a direct response to this observed difference in dis-
ease geography. Over the following decades, individual soldiers who sickened 
in the lowlands continued to be sent to Newcastle for recovery, while entire 
regiments were stationed in the hills during epidemics or seasons known to be 
especially hazardous or when a regiment of unacclimatized soldiers had just 
arrived in the tropics.

Only a minority of medical officers actively pursued investigations of the 
causes of tropical disease, but those who did increasingly had the chance to 
share their observations and theories with one another. As the number of Brit-
ish military stations in the tropics increased and the webs of transportation and 
communications that bound them together thickened over the course of the 
nineteenth century, medical officers found it easier to compare their own ob-
servations with those of others stationed throughout the empire. Even before 
their first posting to a tropical station, they could consult with more senior 
medical officers who had served in the tropics, and when they returned after 
years or decades of service, they passed on their own observations to those 
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who were taking their place. Robert Armstrong, for example, who directed 
the British naval hospital in Jamaica in the 1820s before returning to England, 
decided to publish his manuscript on The Influence of Climate and Other 
Agents on the Human Constitution in part because he received more requests 
for advice from medical officers on their way to the West Indies than he had 
time to answer.50 Once in the field, medical officers stayed in touch with their 
peers at other stations and in Britain through correspondence, travel, and 
other informal means. At the same time, the growth of medical publishing 
offered formal venues for British medical officers to share their observations, 
as did the issuance of annual reports by the Army Medical Department from 
the late 1850s onward.51

By examining the growth of these networks of medical officers, we can see 
how the bureaucratic and military structure of the empire provided some of 
the material and social conditions for the development of a new understanding 
of health. By the middle of the century, British medical officers had access to a 
large and growing store of observations on the role of external conditions and 
personal characteristics in producing disease in the tropics. They were part of 
a global network that not only spanned the British Empire but also connected 
them to the physicians of other nations, giving them unprecedented opportu-
nity to map the distribution of diseases, compare the vulnerabilities of different 
types of people, and seek out correlations between particular conditions and 
the outbreak of epidemics such as the one that struck Jamaica in 1866/67. 
The movements of large numbers of soldiers from one part of the world to 
another— such as the movement of European soldiers to and from stations in 
the tropics— provided a series of unintended experiments that British medical 
officers were able to observe at close quarters. In all these ways, the bureau-
cratic, militarized, and tropical British Empire of the nineteenth century pro-
vided the infrastructure for the emergence of new understandings of health in 
terms of the relationships between individuals and their surroundings.

Q u a n t i f y i n g

In the mid- nineteenth century, researchers across a wide range of disciplines 
and areas of interest began to seek out masses of quantitative data in the hope 
of gaining new insights into the order of nature. The production and circula-
tion of these data was made possible largely by the desire of the United King-
dom and other European states to better govern their territories and popula-
tions, including those of their far- flung colonial possessions. The availability 
of these data altered the practices of physicians and medical researchers, en-
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couraging them to search for quantitative correlations among categories of 
people, the characteristics of their surroundings, and the prevalence of disease. 
The results of this search challenged the neo- Hippocratic idea that certain 
kinds of climates and landscapes were inherently unhealthy.52 By providing 
evidence of “striking contradictions to the usual theories,” as an 1838 report 
put it, statistical studies of the health of populations motivated a search for 
new explanations that accounted both for the nuances of local environments 
and for the varying characteristics of the people concerned.53 Not described 
in explicitly environmental terms until the closing decades of the nineteenth 
century, these findings nonetheless laid the foundation for physicians of the 
era to view health and disease as products of relationships between organisms 
and their environments.

This statistical turn was part of a broader trend that linked science to gov-
ernment in new ways in the mid- nineteenth century. From the 1820s onward, 
rather than seeking to identify ideal or exemplary types of plants, animals, 
and other natural phenomena through the intensive study of unique speci-
mens, researchers interested in subjects ranging from ocean currents to dis-
ease outbreaks to crime rates reframed their questions in terms of frequency, 
proportion, and averages that could be applied to masses of similar objects 
or individuals.54 To characterize these complex and variable masses of data, 
they drew on techniques of quantitative comparison and calculation that col-
lectively came to be known as statistics, a term that had been first used in the 
mid- eighteenth century to describe the study of matters relevant to states.55 
New institutions such as the Statistical Society of London, founded in 1834, 
provided forums for the sharing of such techniques across diverse domains 
and disciplines, including medicine. In part, it was these methods and their 
wide applicability that led the British polymath William Whewell to coin the 
term scientist in the 1830s, which he introduced to describe a new breed of 
specialists united by research methods and principles of explanation rather 
than by a common subject matter.56

The new “scientists” adopted these statistical methods as a way of mak-
ing sense of massive quantities of new kinds of numerical data. The mid- 
nineteenth- century flood of such data arose in large part from the fact that 
imperial European states such as Britain were seeking to manage the health 
and productivity of their populations— a task that required not only detailed 
information but also new kinds of expertise on resources, trade, warfare, and 
disease.57 With the help of Britain’s expanding imperial infrastructure and the 
cooperation of researchers from other European nations, British scientists in 
the decades after Napoleon’s defeat constructed data- gathering networks that 



62 Chapter 2

went beyond even the most ambitious efforts of previous researchers. Drawing 
on the labor of hundreds or even thousands of observers, many of them serving 
in the military or the colonial bureaucracy, they were able to obtain precise, 
regular, standardized, and geographically distributed measurements that no 
single researcher— even someone as talented and widely traveled as Alexan-
der von Humboldt, whose work inspired many of these efforts— could have 
amassed alone. In a study of ocean tides in the 1830s, for example, Whewell 
was able to both serve the needs of the British navy and commercial shipping 
and take advantage of the empire’s expanding geographical reach.58

For British medical officers, the end of the Napoleonic Wars marked an im-
portant turning point in the adoption of these kinds of statistical methods and 
the construction of the observational networks they depended on. Many phy-
sicians had gained firsthand experience with the heavy military cost of disease 
during those wars, including the devastating effects of yellow fever in Haiti, 
and a few had begun collecting careful records on causes of death and illness 
among soldiers and sailors. Among them was James McGrigor, who had co-
ordinated the collection of medical statistics as head of army medical services 
in the Peninsular War.59 After McGrigor was appointed director general of the 
newly established Army Medical Department in 1815, he brought his empirical 
turn of mind to military medicine throughout the British Empire. One of his 
first initiatives was to require medical officers to submit standardized forms 
summarizing disease and mortality in the units they served on a semiannual 
basis.60 Forced to record and to share their observations, physicians posted 
throughout the British Empire began to search for patterns in the facts that 
they were collecting and summarizing, and the Army Medical Department was 
soon in possession not only of a vast collection of medical data but also of a 
cohort of young, ambitious medical officers capable of analyzing it.

Compiled into what eventually amounted to more than one hundred and 
sixty volumes, the statistics that McGrigor had demanded nonetheless re-
mained largely unused until the 1830s.61 What brought them into use in that 
decade were new concerns about the cost of supporting veterans in Britain 
who had been invalided after contracting diseases in the tropics. In 1835, these 
concerns led the Army Medical Department to launch a statistical study of 
disease rates in the West Indies and throughout the British Empire. The effort 
was initially headed by Henry Marshall, a deputy inspector general of army 
hospitals, who had published a study of medical topography in 1821 based on 
observations he had made while stationed in Ceylon.62 Dedicated to McGrigor, 
Marshall’s study of Ceylon included the kinds of qualitative descriptions of 
topography, climate, and disease that were typical of the medical geography 
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of the day as well as a number of numerical tables of disease rates based on 
the kinds of regular record- keeping that McGrigor had made mandatory a few 
years earlier. In 1835, partly because of this experience, Marshall was tasked 
with the much larger study of disease rates at military stations throughout 
the British Empire. He was aided by Alexander Tulloch, a junior officer with 
legal and statistical training who had begun collecting and analyzing data on 
soldiers’ illnesses while stationed in Burma. After Marshall’s retirement the 
following year, Tulloch carried on the project with the assistance of another 
British army physician, Thomas Graham Balfour.63

Centered on numerical tables extracted from the Army Medical Depart-
ment’s records, the reports published by Marshall, Balfour, and Tulloch in 
the late 1830s and early ’40s characterized in quantitative terms the relation-
ships among soldiers of particular types, the conditions in which they lived, 
and the prevalence of disease.64 They featured abundant numerical tables that 
readers could use to quickly locate and compare rates of disease under inter-
secting conditions of various kinds. By displaying in neat rows and columns 
the number and proportion of cases of each kind of illness for a variety of 
categories— year or season, military station, civilian or soldier, enlisted man 
or officer, white or black, newly arrived from Britain or resident of many years, 
and so forth— such tables shifted attention away from the idiosyncrasies of 
individual cases and toward the regular relationships that could be detected in 
statistical masses. The authors of these reports used them to argue that disease 
arose neither solely from the characteristics of particular categories of people 
nor solely from the characteristics of the military stations where they served, 
but rather from the relationship between the two. In an excerpt on disease and 
mortality in the West Indies that Tulloch read before the Statistical Society 
in the summer of 1838, for example, such tables were used to show “how ex-
ceedingly variable is the mortality” from place to place, and specifically “how 
differently the climate of different islands affects the health of the troops.”65

Despite having been required to submit semiannual returns of numerical 
data since McGrigor’s reforms following the Napoleonic Wars, not all Brit-
ish medical officers warmed to the new statistical methods. The prominent 
role in the analysis and interpretation of these data played by Tulloch, who 
had no medical training or experience of his own, was one source of skepti-
cism, as was the fact that a new kind of expertise, statistics, was being used to 
challenge medical truisms. Andrew Halliday, a deputy inspector general of 
army hospitals who had been stationed in the West Indies in the mid- 1830s, 
was particularly scornful of the conclusions drawn from medical statistics and 
Tulloch’s role in particular.66 “A physician practically conversant with West 



64 Chapter 2

India service, and at the same time a competent arithmetician,” Halliday wrote 
acerbically in 1839, “might have brought into view many causes of sickness and 
mortality, that can never be discovered by any accumulation of figures, and to 
discuss many matters which I firmly believe could never be made the subject 
of mere calculation.”67 Statistical methods thus received a cold welcome from 
physicians committed both to neo- Hippocratic theories and to clinical expe-
rience as the only sound basis for challenging accepted wisdom.

Such skepticism prevented the analysis of army medical statistics from be-
coming a major endeavor well into the 1850s. Indeed, with official support at 
a minimum, it was kept alive during the intervening decades mainly through 
the persistence of Balfour and Tulloch. The key turning point came with the 
Crimean War of 1853– 1856, the first major conflict among European powers 
since the end of the Napoleonic Wars, when Florence Nightingale, working 
in collaboration with Balfour, Tulloch, and other military statisticians and re-
formers, emerged as a powerful advocate for the systematic collection and anal-
ysis of medical statistics.68 Having successfully brought public attention to the 
scandalously high mortality rates of British field hospitals during the Crimean 
War, she continued to advocate after the war’s end for new sanitary measures to 
address “overcrowding, want of ventilation, want of drainage, imperfect water 
supply,” and other factors contributing to soldiers’ ill health.69 Gradually ex-
tended to military stations throughout the British Empire, these reforms were 

F i g u r e  5 .  A comparison of mortality rates from several classes of disease at various British 
military stations in the Caribbean between 1817 and 1836, compiled and published by Alexander 
Tulloch in 1838. (Reprinted from table LX in Alexander M. Tulloch, Statistical Report on the 
Sickness, Mortality, & Invaliding among the Troops in the West Indies [London: W. Clowes 
and Sons, 1838], 70.)
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closely linked to the collection of statistical data, which Nightingale argued 
would allow physicians to identify what she called the “removable causes” of 
disease and to move quickly to ameliorate them.70

In 1859, Nightingale’s advocacy of statistics and sanitation helped lead to 
the establishment, under Balfour’s direction, of a new Statistical Branch within 
the Army Medical Department.71 By the time the Army Medical Department 
commissioned its investigation into the 1866/67 yellow fever epidemic in Ja-
maica, medical statistics was therefore a well- established tool for revealing the 
connections between the conditions under which soldiers lived, their personal 
characteristics, and the prevalence of disease. In fact, these methods had al-
ready been implemented on a smaller scale in relation to an outbreak of yellow 
fever in Jamaica in 1856. In the aftermath of that epidemic, the head medical 
officer in Jamaica at the time, Robert Lawson, had analyzed the prevalence of 
the disease at various military stations and encampments in quantitative terms, 
arguing they showed that neither the high altitude nor the milder climate of the 
highlands was sufficient to protect soldiers from disease.72 The commission on 
the 1866/67 epidemic, influenced by Lawson’s recommendations, went even 
further in its use of statistical methods, circulating a standardized questionnaire 
to physicians in every parish in Jamaica as well as to the commanding officers 
of the army and navy. It then collected and synthesized the data from these 
questionnaires and aggregated it with other sources of information, including 
records of yellow fever cases kept by the principal medical officers in Jamaica 
during the previous decades, as well as the analysis published by Tulloch 
in 1838.73 The result was both a case- by- case chronological narrative and a 
comprehensive statistical view of the epidemic’s impact on British troops in  
Jamaica and the conditions that may have triggered it or hastened its spread.

In observing the slow adoption of statistical methods for studying military 
health, from McGrigor’s first record- keeping initiative in the late 1810s to the 
establishment of the Statistical Branch a half- century later, we can see how a 
set of techniques that were themselves not explicitly environmental could help 
open the door to later environmental understandings of health by undermin-
ing the dominant theoretical frameworks of the time. These methods did more 
than simply challenge some of the claims of neo- Hippocratic physicians, how-
ever. They also shifted the ground of the debate and the varieties of evidence 
that were accepted as determinative. While the clinical experience cited by 
Halliday did not lose its significance, it now had to compete with the kinds of 
statistical observations advocated by Tulloch, whose lack of medical training 
did not prevent him from challenging in bold terms the accepted wisdom of 
the medical profession. Tulloch was himself hesitant to offer an alternative 
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theory; his work nonetheless helped open up a field in which others who 
were less hesitant sought to explain statistical variations in health in terms of 
disordered relationships between particular kinds of organized bodies and the 
external conditions they faced.

H e a lt h  a n d  E n v i r o n m e n t

At the beginning of the nineteenth century, British physicians had no shortage 
of concepts and theories to explain the distinctive patterns of disease observed 
in the tropics. While in some ways these concepts and theories resembled 
the explicitly environmental ones that would emerge in the late nineteenth 
century, in other ways they were profoundly different. Influenced by neo- 
Hippocratic medicine and Enlightenment natural history, many physicians 
assumed that health was directly affected by the varying qualities of “airs, 
waters, and places.” Moreover, they assumed that these effects were uniform 
across human types— or at least that any differences in susceptibility to the 
effects of climate could be moderated through acclimatization across lifetimes 
or generations. Since it was clear to any observer that the effects of climate on 
health varied across time, place, and individual, however, they also searched 
for other causes of imbalance in the relationship between the human body and 
its surroundings. These causes could be external or internal to the body; they 
included extremes of temperature and humidity as well as the specific weak-
nesses of an individual’s constitution. Sickness arose, they believed, when the 
body became overstimulated or overheated, or when it suffered from deficits 
or excesses of blood and other fluids in certain organs or in the body as a 
whole. European soldiers in the tropics who indulged in immoderate con-
sumption of food or drink or engaged in activities that exhausted their strength 
or exposed them to moisture, heat, or miasma, they argued, risked upsetting 
an already delicate balance.74

Throughout the nineteenth century, the precise reasons why some places 
in the tropics were less healthy than others remained the subject of vigorous 
debate among physicians adopting this neo- Hippocratic framework, in which 
the border between bodies and their surroundings was understood to be per-
meable rather than closed.75 A place could be unhealthy, physicians believed, 
as could an individual, and under certain conditions the unhealthiness of 
the place could pass into the individual and vice versa. “Miasmas”— that is, 
“marsh poisons” or “soil exhalations” arising from putrefying organic matter— 
became a widely accepted explanation for the prevalence of fevers in certain lo-
cations at certain times of year.76 John Hunter, who served as a medical officer 
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in Jamaica in the early 1780s, attributed tropical fevers to “noxious exhalations 
from wet, low, and marshy grounds” that were produced by the combined 
effects of “heat, moisture, and decayed vegetable or animal matter.”77 These 
forces acted more powerfully in the tropics than in temperate climates, he 
argued, and newly arrived European soldiers were more vulnerable to them 
than those who had been acclimatized through long residence.78 Proponents 
of this view believed that the heat and humidity of tropical climates somehow 
intensified the process of putrefaction or weakened the ability to Europeans to 
resist it, thereby producing the characteristic variations in disease prevalence 
from time to time and place to place within the tropics.

The rise of medical statistics from the 1820s onward challenged neo- 
Hippocratic theories about the connections between individual health and 
surrounding conditions, including climate and miasma. In the short term, 
its effect was mostly negative— that is, rather than offering a new conceptual 
framework for understanding health, it simply undermined the plausibility 
of neo- Hippocratic medicine as a whole. Sometimes the challenge was quite 
explicit. In 1839, for example, Tulloch argued that data on British troops in 
North America showed “the difficulty of establishing any uniform connexion 
[sic] between the presence of marshy ground, and the existence of those febrile 
diseases to which the exhalations from it are supposed to give rise.”79 More 
broadly, statistical studies showed that there were numerous cases where all 
the conditions for the production of disease through miasma seemed to have 
been satisfied but no disease occurred, and just as many cases where not a 
trace of miasma could be detected but disease nonetheless ran rampant. Still, 
Tulloch and his colleagues hesitated to make claims about what did cause trop-
ical fevers, instead limiting themselves to challenging what they considered to 
be the premature generalizations of earlier medical geographers.80 External 
conditions were obviously important to human health, they agreed, but none  
of the existing theories were capable of explaining how.

Not everyone was so reticent about proposing alternative models of dis-
ease causation. By the 1840s, some physicians were inspired by the results of 
the Army Medical Department’s statistical studies to search for theories that 
offered more satisfying explanations of disease in the tropics. For this pur-
pose, they turned to comparative anatomy and medical physiology.81 Rather 
than claiming that bodies and their surroundings were mutually permeable, as 
neo- Hippocratic physicians had done, they argued that bodies could best be 
seen as functionally integrated entities that responded to external conditions 
in ways that were determined by their particular patterns of organization. In 
his 1843 book The Influence of Climate and Other Agents on the Human Con-
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stitution, for example, Armstrong drew on French anatomy and physiology, 
British medical statistics, and his own experiments and firsthand observations 
in Jamaica to argue that miasmas— one of the supposed causes of tropical 
fevers— were nothing but “aerial and unsubstantial phantoms.”82 Diseases  
encountered in tropical climates were instead products of “the intimate rela-
tion which exists between external agents, the organization, and physical ne-
cessities of the individual.”83 From this perspective, no climate or place could 
be unhealthy in itself, and no disease could be transferred between a place and 
a human body. Rather, places or climates could only be unhealthy for certain 
kinds of organisms, and diseases could only be attributes of individuals, not 
of their surroundings.

Statistical studies also informed changing ideas about the medical signifi-
cance of race. Drawing on studies showing continued vulnerability to tropical 
diseases even among Europeans who had lived in the tropics for many years, 
physicians challenged the Enlightenment idea that all varieties of humans 
were fundamentally the same, even if some had been changed in minor or 
major ways through long exposure to particular climates. On the contrary, 
they argued that each human race, like each species of plant or animal, was 
organized in a way that suited the specific conditions under which it lived, and 
that this form of organization could not be easily changed. Medical statistics  
provided seemingly incontrovertible evidence of the reality of these increas-
ingly rigid racial distinctions. In the West Indies, for example, Tulloch’s 1838 
report showed that neither African nor European troops showed any signs 
of becoming more resistant to tropical diseases over time, suggesting that ac-
climatization, or “seasoning,” was a myth.84 On the contrary, the longer they 
spent in the Caribbean, the more likely they were to fall victim to diseases 
such as yellow fever.85 Moreover, although both Africans and Europeans were 
more likely to fall ill in the Caribbean than natives, the specific diseases that 
afflicted them differed, suggesting that each race carried its own unique vul-
nerabilities.86 Such analyses helped convince physicians that racial differences 
in disease vulnerability were real, permanent, and specific.

British medical statistics and French comparative anatomy and physiology 
thus constituted two of the pillars of the new race science of the mid- nineteenth 
century, which depicted human racial differences as specific, biological, and 
unchangeable. Tulloch himself explicitly drew such conclusions from his stud-
ies, arguing that “they point out the limits intended by Nature for particular 
races, and within which alone they can thrive and increase.”87 In Britain, the 
most infamous advocate of this view was Robert Knox, a surgeon who began 
his career as the Napoleonic Wars were winding down, spent several years as 
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an army surgeon at the Cape Colony, and then studied with Étienne Geoffroy 
Saint- Hilaire, Henri Marie Ducrotay de Blainville, and others in Paris in the 
1820s. After returning to Britain, Knox took up teaching and sought to apply 
their ideas about comparative anatomy and physiology to the study of human 
races.88 In his 1850 book The Races of Men: A Fragment, Knox contended that  
each race was uniquely suited to the climate and other conditions prevail-
ing where it was originally found and could only with great difficulty survive 
elsewhere. As evidence, he drew on Tulloch’s studies showing that Europe-
ans suffered more from disease in tropical countries than the races native to 
them— a finding that in Knox’s view indicated the ultimate futility of European 
imperialism. “Withdraw from a tropical country the annual fresh influx of 
European blood,” he wrote, “and in a century its European inhabitants cease 
to exist.”89 Controversial when published and subsequently rejected by most 
scientists and physicians, Knox’s book nonetheless reflected the increasingly 
biological view of race in the mid- nineteenth- century and the use of medical 
statistics to support it.

Medical theorists who adopted biological perspectives during this period 
did not yet use the term environment, which would come into wide use in En-
glish only in the 1870s and ’80s.90 Nonetheless, they began to adjust the scope 
and connotation of other terms, particularly climate, in ways that brought them 
closer to the meanings that physicians at the end of the nineteenth century 
would express with environment. Knox, for example, believed that each hu-
man type was suited to a particular climate, but by climate he meant something 
much more specific than broad characteristics such as “tropical” or “tem-
perate,” or the kinds of variations in heat and humidity that had concerned 
eighteenth- century naturalists such as Buffon. Africans from tropical regions 
did not thrive everywhere in the tropics, he argued; nor could Europeans es-
tablish permanent colonies everywhere that temperate climates were found. 
Other factors were also critical, and it was the sum total of all these factors that 
determined the capacity of a particular “race” to flourish.91 This expansion of 
the meaning of climate was even more explicit in the work of one of Knox’s dis-
ciples in scientific racism, the anthropologist James Hunt, who argued that the 
study of “ethno- climatology” was the only path to a “correct and physiological 
system of colonization,” particularly in the tropics.92 Carefully distinguishing 
his use of the term climate from earlier uses, he noted that he meant it to in-
clude altitude, soil, light, water, wind, pressure, vegetation, diet, and indeed 
“the whole cosmic phenomena” capable of affecting the human organism.93

By examining the concepts deployed by mid- nineteenth- century physi-
cians and race theorists, we can see a transition from an older, neo- Hippocratic 
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way of understanding the body and its surroundings as mutually permeable, 
toward a biological way of understanding the body as a functionally integrated 
unit related in distinct ways to the external conditions it encountered. We can 
also see, however, that the idea that disease arose from a disordered relation-
ship between an organism and its environment did not immediately sweep 
away the alternatives. Even as they adopted elements of the new biological 
perspective, physicians continued to explain disease and to practice medicine 
in neo- Hippocratic terms. This mix of old and new can be seen in the report 
on the Jamaican yellow fever epidemic of 1866/67, whose authors readily ad-
mitted the inadequacy of neo- Hippocratic theories concerning the effects on  
health of altitude, temperature, miasmas, acclimatization, and personal attri-
butes, but who also continued to deploy those theories by speculating that the 
epidemic arose from some combination of a “general epidemic influence” or 
“epidemic constitution,” local conditions, and the personal characteristics and 
behaviors of each individual.94 Similarly, while overcrowding, uncleanliness, 
and intemperance among soldiers at Newcastle had not caused the outbreak, 
they argued, these factors did seem to have “assisted in causing the natural 
advantages of altitude and temperature in the tropics to be of less value than 
had previously been anticipated.”95 Rather than observing a sudden rupture 
between two radically different understandings of health, we can therefore see 
how mutually incompatible concepts and theories continued to coexist.

A n  E n v i r o n m e n t  o f  G e r m s

In the last decades of the nineteenth century, the idea that disease was the re-
sult of a disorder in the relationship between an organism and its environment 
received a powerful boost from microbiology, which demonstrated the exis-
tence of microscopic bacteria, parasites, and viruses capable of causing specific 
diseases.96 In the case of yellow fever, the discovery of the disease agent and 
its mode of transmission gradually emerged between the 1880s and the first 
decade of the twentieth century. In contrast to their leading role in the study of 
yellow fever earlier in the century, British medical officers played a minor role 
in these developments, one mainly limited to providing methods and theories 
based on their research on tropical diseases elsewhere in the world. Their 
diminished role was linked to shifts in the structure of the British Empire, 
including the fading importance of the Caribbean in general and Jamaica in 
particular. As Britain’s attention turned toward India, it was gradually sup-
planted as the dominant colonial power in the Caribbean by the United States, 
especially after the latter’s occupation of Cuba and Puerto Rico as a result of 
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the Spanish– American War of 1898. In this new imperial context, Cuban and 
US researchers took the lead in untangling the etiology of yellow fever. Their 
research helped show that tropical diseases could be understood as disorders 
in the functions of the human body arising from microscopic disease agents 
present in its environment.

Crucial to this new view of disease was the rise of the laboratory as a site of 
controlled observation and experimentation. Increasingly, biologists carried 
out their studies in enclosed spaces where every detail of the conditions of the 
organism or biological processes they were studying could be measured and 
manipulated. By the 1870s, techniques for growing colonies of bacteria and 
other microbes under artificial conditions and examining them under the mi-
croscope made it possible to identify the microbial agents that caused certain 
diseases. In 1876, for example, the German bacteriologist Robert Koch proved 
that anthrax was caused by a specific kind of soil bacteria.97 Grown in the 
laboratory under the proper conditions, pathogenic bacteria could be injected 
into the “internal milieu” of humans or animals to produce disease, providing 
experimental proof of causation that statistical studies could not.98 Among its 
other consequences, the identification of microbial disease agents transformed 
the understanding of the role of climate in causing tropical diseases. Important 
in this regard was the British physician Patrick Manson’s discovery of the 
microbial cause of the disfiguring tropical disease filariasis in the late 1870s. 
Through microscopic investigations and experiments carried out during his 
long residence in East Asia, Manson found that the disease was caused by 
a parasitic roundworm transmitted by mosquitoes. This “tropical” disease, 
Manson showed, was not caused by the direct effects of tropical climate or 
miasmas on the human body, but rather by the transmission of a microscopic 
disease agent from one human to another via a third organism that served as 
what Manson called its “nurse,” or intermediate host— namely, a specific kind 
of mosquito that happened to flourish under tropical conditions.99

Inspired by advances in bacteriology in general and Manson’s discovery 
in particular, physicians reconsidered the etiology of yellow fever, a disease 
that had defied all attempts at explanation in terms of person- to- person con-
tagion or the direct effects of climate, miasma, or other external conditions. In 
1881, in a paper presented to the Royal Academy of Sciences of Havana, the 
Cuban physician Carlos Finlay argued that yellow fever was caused by an un-
known disease agent transmitted through the bites of infected mosquitoes.100 
Although Finlay was not the first to suspect the involvement of mosquitoes in 
yellow fever, his paper challenged the accepted wisdom at the time as well as 
Finlay’s own previous position— namely, that the unusually high prevalence  
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of the disease in Cuba was due to the high alkalinity of its atmosphere. Instead, 
he now argued, the accumulating evidence of medical statistics and other ob-
servations rendered untenable “any theory which may attribute the origin or 
propagation of yellow fever to atmospheric, miasmatic or meteorological in-
fluences, or . . . to filth or neglected hygienic principles.”101 While capable of 
disproving neo- Hippocratic explanations of the disease, such observations 
did not definitely reveal the agent of yellow fever. For that, Finlay turned to the 
laboratory, and specifically to microscopic examinations of mosquito anatomy 
and experimental tests in which he exposed healthy subjects to mosquitoes 
that had previously bitten infected patients.102 Although his initial findings 
were inconclusive (partly due to the difficulty of finding patients willing to be 
exposed to yellow fever), in subsequent years Finlay continued to advocate 
his theory of mosquito transmission and to search for the microscopic disease 
agent he was certain he would eventually find.

Over the course of the 1880s and ’90s, even though physicians continued to 
view the specific disease vector and agents Finlay had proposed with skepti-
cism, they increasingly accepted his basic premise: that the external conditions 
correlated with yellow fever outbreaks, such as tropical climates and marshes, 
should be examined not for their direct impact on human bodies but rather as 
conditions under which an organism capable of transmitting the disease agent, 
the “germ,” from one human to another could flourish.103 Among them was 
the US military physician and bacteriologist George Sternberg, who met Fin 
lay in 1879 while visiting Havana as part of a yellow fever commission, the 
establishment of which reflected the United States’ growing commercial and 
strategic interests in the Caribbean.104 By the early 1890s, as a result of multiple 
visits to Cuba, ongoing conversations with Finlay, and his own experiments, 
Sternberg was fully convinced that “the specific infectious agent in yellow fe-
ver” was “a living micro- organism” that flourished under particular meteoro-
logical and sanitary conditions. Dubious of the evidence for any of the specific 
candidates that Finlay and others had proposed, he shared their certainty that 
the microorganism in question would eventually be found.105

The loss of thousands of US soldiers to yellow fever in the Spanish– 
American War proved to be a critical turning point. Following the war, Stern-
berg organized a commission under the command of US army medical officer 
Walter Reed to investigate the causes of the disease among soldiers at Co-
lumbia Barracks in Quemados, Cuba. Through studies of human subjects 
exposed to various hypothesized sources of yellow fever, the commission 
demonstrated that Finlay’s hypothesis was largely correct— that is, that yel-
low fever was indeed transmitted exclusively by the species of mosquito he 
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had identified, although the disease agent was later proven to be a virus rather 
than a bacterium.106 Along with similar findings on malaria several years ear-
lier by the British researcher Ronald Ross (which built on Manson’s even 
earlier findings regarding filariasis), the discovery of the vector and agent of 
yellow fever provided proof that so- called “climatic diseases” were not the  
product of the direct action of tropical climates or miasmas. Rather, as Stern-
berg explained, such diseases “prevail only where climatic conditions are fa-
vorable for the propagation of the species of mosquitoes by which the para-
sites to which these diseases are due are transmitted from man to man.”107 In 
other words, the tropical climate itself posed little direct threat to the health of  
European soldiers. Its importance lay in the fact that it was one component  
of the broader set of conditions for the flourishing of pathogenic organisms 
that Sternberg called the “tropical environment.”108

The proof that yellow fever and malaria were mosquito- borne diseases led 
to mosquito control and eradication efforts throughout the Caribbean in the 
early decades of the twentieth century.109 In many respects, these efforts re-
sembled older sanitary efforts that had been introduced before the develop-
ment of bacteriology. Whether physicians blamed “marsh poisons” or marsh- 
dwelling mosquitoes for yellow fever, they were just as likely to recommend 
draining marshes located close to military stations or ensuring that stations 
were not located near marshes in the first place. Nonetheless, even if much re-
mained the same, the new theories did lead to changes in sanitary practice. In 
addition to regarding sanitary interventions as ameliorating the conditions that 
were directly responsible for disease, sanitarians now saw such interventions 
as altering the environment of certain organisms in ways that made them less 
likely to transmit disease agents to humans. In some cases, this resulted in san-
itary standards becoming more stringent. To eliminate disease- transmitting 
mosquitos, for example, it was often necessary to eliminate virtually all sources 
of standing water, including small containers that would have been ignored by 
an earlier generation of neo- Hippocratic sanitarians since they were not obvi-
ous sources of miasma. In other cases, standards became more lenient. Erad-
icators of the mosquito sought to cut grass and brush away from residences, 
for example; but unlike the sanitarians who preceded them, they only took 
action when vegetation was thick enough to harbor mosquito populations.110 
What mattered was not the vegetation itself but the habitat it provided for 
mosquitoes to thrive.

Precisely because the findings of germ theory were often compatible with 
the sorts of intervention they were already advocating on the basis of neo- 
Hippocratic theories of disease, sanitarians were among those who most 
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enthusiastically embraced biological understandings of disease and the en-
vironmental language that came with them. The hygienist J. Lane Notter, for 
example, who served as a medical officer in Canada and Malta before training 
several generations of young physicians at the Army Medical School at Netley, 
was among the first British physicians to begin writing explicitly about “envi-
ronments” in the 1890s.111 In his contribution to the 1893 volume Hygiene and  
Diseases of Warm Climates, for example, he deployed the term environment 
alongside climate, giving each a distinct meaning.112 For Notter, climate re-
ferred to sunlight, heat, humidity, and other characteristics of the atmosphere, 
while environment was the sum total of the surrounding conditions faced by 
the soldier, including conditions that were subject to human modification such 
as soils, drainage, wind, vegetation, sanitation, and exposure to pathogenic 
microorganisms in food and water.113 In this sense, climate became a subordi-
nate aspect of environment rather than the master concept of tropical medicine 
that it had previously been. In this new view, moving from a temperate to a 
tropical climate posed a threat to health not because certain climates were 
inherently unhealthy for European bodies but because a “change of environ-
ment” could lead to “deteriorations in the functions of the body.”114

In addition to suggesting new kinds of sanitary interventions, this view of 
disease also reshaped the way physicians thought about human racial differ-
ences. Instead of focusing on the suitability of different human races for trop-
ical climates as such, as had mid- nineteenth- century race theorists such as 
Knox and Hunt, physicians turned their attention to immunity or resistance 
to specific disease agents. They argued, for example, that people of African 
descent had anatomical or physiological traits that made their bodies inhos-
pitable environments for disease agents common in the tropics or resistant to 
the living vectors that transmitted them. In his original 1881 article on mos-
quitos as vectors of yellow fever, for example, Finlay reformulated older ideas 
of racial difference in terms of the new biology by speculating that qualities of 
the skin or blood of people of African descent might have chemical or phys-
ical properties that made them resistant to the transmission of yellow fever 
by mosquito.115 Even those who rejected the existence of these kinds of spe-
cific biological differences in disease vulnerability continued to use tropical 
medicine to support claims for deep- seated racial differences. After mosquito 
eradication and other interventions made it possible to reduce the threat of 
infection for white visitors to the tropics, race theorists argued that Europeans’ 
racially specific ingenuity had allowed them to flourish even in environments 
to which they were biologically ill suited, making them perhaps the one race 
capable of colonizing the entire Earth. Rather than entirely undoing theories  
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of racial difference based on differential disease mortality in the tropics, germ 
theory helped to shift their focus from biological differences in adaptation to 
specific environments to biological differences in the capacity to technologi-
cally adapt to any environment whatsoever.116

We can therefore see that when, in 1902, Sternberg wrote about the “trop-
ical environment” in which yellow fever and the mosquitoes that transmit-
ted it both flourished, the language he was using was still relatively new for 
physicians, even if talk of “environments” had been growing steadily across 
a variety of fields since the 1850s. Moreover, we can see how the explicit use 
of the term environment did not emerge in the context of neo- Hippocratic 
medicine, with its ideas of the balance of humors, the interpermeability of 
airs, waters, and bodies, and the inherent healthiness or unhealthiness of par-
ticular places and climates, even though many of those ideas now seem to us 
essentially “environmental” in nature.117 Instead, the explicit adoption of the 
concept of environment first emerged in the context of efforts to complement 
or even replace theories of the direct influence of “airs, waters, and places” 
with a biological understanding of tropical disease as the result of pathogenic 
microbes and their living vectors flourishing under tropical conditions.118 As 
Sternberg, Notter, and others argued, these microbes and vectors constituted 
an important part of the “environment,” a new object of study and concern that 
was distinct from the neo- Hippocratic understanding of the influence of the 
climate and other “surrounding things.”119 What one historian has described 
as the “germ- theory theory of environment” was therefore the first explicitly 
environmental theory of health.120

*

In its instructions to the commission investigating the 1866/67 yellow fever epi-
demic in Jamaica, the Army Medical Department had stressed the importance 
of gathering detailed information and analyzing it “with the same rigorous 
exactness that would be employed in a chemical or physical investigation.”121 
Like the geological and meteorological surveys that were taking place around 
the same time and whose results it also drew on, the commission’s survey de-
pended on the existence of large populations of objects that could be treated 
as if they were chemical or physical substances— that is, as collections of es-
sentially identical objects that might behave in unpredictable ways when con-
sidered individually but which obeyed hidden laws that could be identified 
when they were studied as a mass. In the case of military medicine, the masses 
in question consisted of soldiers and sailors, and the observations consisted of 
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medical reports detailing the prevalence of disease under various conditions. 
The demand for exactness reflected decades of statistical analyses showing 
that the health of broad classes of human beings could be characterized in 
quantitative terms; it also reflected physicians’ increasing adoption of concepts 
and techniques from comparative anatomy and physiology, which viewed the 
human body as a functionally integrated organism whose character could only 
be understood in relation to its surrounding conditions. Medical statistics thus 
played a key role in the emergence of an “environmental” perspective on health 
in the second half of the nineteenth century.

Examining the adoption of the concept of environment in British med-
icine in the nineteenth century helps us see what made it distinct from the 
understandings of health that preceded it and why physicians in the last de-
cades of the nineteenth century felt the need to adopt a new term to describe 
it. Paradoxically, the emergence of an explicitly environmental view of health 
depended on the rejection of longstanding neo- Hippocratic theories that had 
focused physicians’ attention on climate, miasma, and topography and on the 
transfer of humors and diseases between places and bodies— all of which in 
retrospect seem eminently environmental. What led sanitarians in the late 
nineteenth century to adopt the concept of environment was not the triumph 
of neo- Hippocratic medicine, however, but rather its displacement by a new 
biological understanding of health according to which disease resulted from 
disordered relationships among the organism’s parts or between the organ-
ism and its surroundings. The growth of microbiological accounts of disease 
from the 1870s onward— including the work of Finlay, Sternberg, Reed, and 
others on yellow fever— advanced this biological perspective even further. It 
showed that European soldiers sickened in the tropics not because of the di-
rect effects of heat or humidity but because the tropics provided a suitable 
environment for disease- bearing organisms, particularly the mosquitoes that 
carried the micro scopic agents responsible for yellow fever and malaria. Far 
from doing away with environmental explanations of disease, germ theory was 
thus responsible for making “environment” a key concept in medicine.

The emergence of an explicitly environmental perspective on health among 
British physicians was closely linked to the nineteenth- century expansion and 
reorientation of the British Empire toward the tropics, as well as to the racial 
politics that accompanied it. The globe- spanning infrastructure of the empire 
and the mobility of people, goods, diseases, and information that it enabled 
gave physicians new opportunities to observe the impact of changes in climate, 
topography, sanitation, and other external conditions on humans of different 
types. Their conclusions, in turn, were used to support new theories of biolog-
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ical difference among human races. These theories were centered on the idea 
that each race was characterized by a distinct pattern of biological organization 
that determined its suitability to particular environmental conditions. Unlike 
the neo- Hippocratic theorists who preceded them, advocates of these theories 
did not associate races solely with broad climatic regions such as “the tropics,” 
nor did they think that rapid acclimatization was possible. Rather, they iden-
tified sets of external conditions for which they believed people of each race 
were specifically and permanently suited. In the British Empire, the adoption 
of “environment” as a medical concept thus accompanied and reinforced the 
biologizing of human racial difference and the increasingly rigid racial hier-
archy that it was used to justify.

When late- nineteenth- century British physicians adopted “environment” 
as a key concept for understanding human health, they also sought to redefine 
the borders of human solidarity. Since they believed Europeans were biolog-
ically ill suited to tropical conditions, they saw projects of sanitation or mos-
quito control as aiming primarily to improve the environment of Europeans 
displaced to the tropics rather than all humans in the tropics. Even when they 
took into consideration the health of people of African descent in places like 
Jamaica, they assumed that their “environments”— that is, the external condi-
tions that were specifically relevant to their health in light of how their bodies 
were biologically organized— were distinct from those of Europeans. Thus, 
rather than using the concept of environment to bring people together in a 
common project, these physicians deployed it to show that what might at first 
glance appear to be a world in common was in fact a diversity of worlds, each 
encountered and experienced in distinct ways by people of different races. 
This was not the only way that the concept of “environment” could be made 
to matter, however. The next chapter turns to urban reformers in the United 
States around the turn of the twentieth century who adapted the concept of 
“environment” to address social disorder rather than sickness, while also try-
ing, with uneven success, to forge solidarity across human groups rather than 
deepening the differences between them.
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The Urban Milieu: 
Evolutionary Theory and Social 
Reform in Progressive Chicago

Set back from the street and surrounded on three sides by an elegant veranda 
supported by Corinthian columns, Hull House was built in 1856 in grand 
Italianate style in the midst of what was then a fashionable district of Chicago.1 
By late 1880s, however, both the house and the neighborhood had fallen on 
hard times. The house’s owner, a real estate developer named Charles J. Hull, 
had long since moved elsewhere, and the house had been rented out for use 
first as an old- age home, then as a secondhand furniture store, and finally as 
offices and storerooms for an adjacent factory.2 The area around it also had 
changed. Located on the city’s West Side, halfway between the great stock-
yards to the south and the shipyards on the Chicago River to the north, it 
was now surrounded by communities that were diverse in national origin and 
socioeconomic status. Recently arrived Italians, Germans, Bohemians, Poles, 
Russians, and French Canadians lived alongside longer- established English- 
speaking families, while swaths of extreme poverty were interrupted here and 
there by small pockets of working- class prosperity. On the whole, the area 
was chaotic, unsanitary, crime- ridden, badly governed, and socially divided. 
As Jane Addams described it in the early 1890s, “The streets are inexpressibly 
dirty, the number of schools inadequate, factory legislation unenforced, the 
street- lighting bad, the paving miserable and altogether lacking in the alleys 
and smaller streets, and the stables defy all laws of sanitation.”3

Addams came to know Hull House and the area around it as the result of 
a project of social reform that she launched in 1889 with a companion, Ellen 
Gates Starr. Inheriting significant wealth from her father, a prominent Illinois 
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businessmen and politician, she had spent much of the 1880s searching for a 
way to put her social ideals into practice.4 After a visit to East London’s Toyn-
bee Hall in 1888, she and Starr resolved to create a similar “settlement house” 
in Chicago, where middle- class reformers such as themselves would provide 
social services to the mostly working- class immigrant population living nearby. 
One of the first of hundreds of settlement houses established in the United 
States between the 1880s and 1920s, Hull House helped residents navigate 
the municipal bureaucracy, provided rooms for club meetings and musical 
rehearsals, hosted lecture courses and reading groups, operated a nursery and 
kindergarten, and sought to improve garbage collection and street mainte-
nance in the surrounding districts. An extraordinary success almost from the 
moment of its founding, Hull House continued to expand over the subsequent 
decades under Addams’s leadership. It acquired and constructed new build-
ings, established partnerships with other civic organizations and government 
agencies, and engaged with an ever- greater range of urban issues, from public 
playgrounds to political corruption. Self- consciously distinct from charity 
organizations that focused on direct aid to individuals deemed morally de-
serving, it became the leading example of a reform movement that instead 
sought to improve the welfare of individuals and communities by reshaping 
their surroundings.

The settlement movement of which Hull House was a leading example also 
pioneered new methods of social research, including a collection of methods 
that came to be known as the social survey. At a time when sociology was 
still establishing itself as a distinct academic discipline, settlement house res-
idents crafted their own distinct approach to studying society, bridging prac-
tical concerns of social reform with general theories of social progress. They 
surveyed the social characteristics of the neighborhoods around them, plotting 
the results on maps and arraying them in statistical tables to visualize the im-
pact of external conditions on the organization of society. At the same time, 
they learned from their everyday engagement with the people among whom 
they lived and from the successes and failures of their practical reform efforts, 
which served as tests of the power of environmental reform to transform the 
city’s social fabric and to improve the welfare of its inhabitants and of the “so-
cial organism” to which they belonged.5 The industrial city was central to their 
project, serving simultaneously as a site of reform, research, and residence. 
Chicago in particular seemed to epitomize not only the astonishing pace with 
which industrialization, urbanization, and immigration were transforming  
the United States but also the unprecedented social problems that came with 
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them. It was thus an ideal site for research on the relationship between the 
material conditions of homes, streets, schools, and factories and the health and 
well- being of the city’s inhabitants.

By the time the settlement movement was launched in the 1880s, the con-
cept of environment was already being adopted across a wide range of fields, 
and well- read settlement house residents such as Addams were familiar with 
the definitions of the term offered in the mid- nineteenth- century by theorists 
such as Auguste Comte and Herbert Spencer. Nonetheless, such reformers 
did not simply accept the definitions that were offered to them or the tools 
and practices through which those definitions had come to matter under other 
circumstances. Instead, they crafted a distinctive understanding of the rela-
tionships between humans and their surroundings that centered on the idea 
that social evolution depended on humanity’s intentional efforts to improve its 
relationship with its surroundings. True progress, they argued, would emerge 
only from efforts to improve the human condition that emerged organically 
and democratically from collaboration between working- class immigrants and 
middle- class reformers. Their work helped introduce the idea of the “social 
organism” and “social environment” into wide circulation. Indeed, they were 
so successful in doing so that Chicago- based sociologists in the 1910s and ’20s 
increasingly argued that the social environment could be studied as a distinct 
realm of its own, one that was effectively independent of the material environ-
ment on which the settlement movement had focused much of its attention.

U r b a n i z i n g

When the World’s Columbian Exposition opened on Chicago’s South Side 
in 1893, its monumental neoclassical architecture, orderly and well- lit boule-
vards, and spectacular displays of electric light and other symbols of American 
innovation and prosperity entranced Chicagoans and visitors alike.6 In the 
aftermath of the exposition, however, as the financial Panic of 1893 sent the 
United States into a deep recession, the residents of Chicago were confronted 
once again by the harsh realities of the industrial city, exacerbated not only 
by the economic crisis but also by the loss of the jobs that had been created by 
the exposition. According to one estimate, 100,000 men were thrown out of 
work virtually overnight.7 Dependent as it was on low- skilled and industrial 
employment, the neighborhood around Hull House was hit particularly hard.8 
Even though it had mostly survived the destruction of the Great Chicago Fire 
of 1871, it had been profoundly reshaped by the growth of stockyards, ship-
yards, and other industries over the subsequent two decades, as well as by an 
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influx of immigrants seeking to take advantage of the city’s opportunities. Its 
workers spent their days immersed in parts of the industrial economy that were 
just as spectacular as the world’s fair but much harder to envision as part of a 
utopian future, and at the end of the workday they returned to homes that had 
yet to see most if any of the modern amenities it had displayed.

For social reformers, the rapid growth and industrialization of Chicago in 
the late nineteenth century provided opportunities to observe the effects of the 
urban environment on people of widely varying backgrounds, occupations, 
and habits and on the social groups of which they were a part. In the decades 
following the Civil War, the westward expansion and economic development 
of the United States had accelerated, resulting in the explosive growth of new 
cities such as Chicago and the rapid transformation of older cities such as New  
York, which became sources of capital for industry in the US West and destina-
tions for the goods and materials it produced. Chicago in particular grew from 
a small frontier outpost into the dominant metropolis of the Midwest. With the 
help of transcontinental railroad networks and the cheap and abundant coal 
that fueled them, as well as its location at the mouth of the Chicago River on the 
southwestern shore of Lake Michigan, it was transformed seemingly overnight 
into a bustling center for collecting, storing, sorting, processing, and pricing 
the products of the Great Lakes and Great Plains regions. Lumber, wheat, 
cattle, pigs, and other commodities flowed into the city and then were shipped 
onward to consumers in the densely populated eastern states.9

So rapid was Chicago’s transformation in the second half of the nineteenth 
century that the city itself became renowned as spectacle of second nature, a 
world remade by human hands and impersonal economic forces.10 Over the 
course of the late nineteenth century, even as the ties that bound it to its hinter-
land were tightened, the links connecting the city to its surroundings became 
increasingly difficult for the average resident to perceive. The stockyards and 
slaughterhouses on the South Side and the grain elevators that stored wheat 
and other grains for eventual transport to the East were so gigantic in scale 
and industrial in character that even though it was obvious that they had to 
be continuously fed by rural ranches and farms outside the city, it was easy to 
see them as entirely urban phenomena. Similarly, the hardworking horses who 
drew carts, carriages, and buses reminded observers less of their countryside 
counterparts than of living machines harnessed to the city’s relentless pace.11 
Over time, even these hints of Chicago’s connection to the countryside became 
increasingly obscure as stockyards and slaughterhouses were pushed to the 
margins and horses were gradually displaced by electric trolleys and eventually 
by the internal combustion engine. When “nature” was reintroduced through 
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the creation of urban parks, such as the new green spaces designed for the 
1893 world’s fair by the landscape architect Frederick Law Olmsted Jr., it was 
not a “complete illusion” of nature that was being presented to viewers, as one 
attendee claimed, but rather a highly selective one.12 Designed for the comfort 
and leisure of the city’s inhabitants, such parks resembled English landscape 
parks or the rural sites where wealthy Chicagoans spent their weekends and 
summer holidays more than the working farms and forests that supplied the 
city’s needs.13

The city’s explosive growth in the late nineteenth century was also accom-
panied by a marked change in the character of its human population. With the 
seemingly insatiable demand for labor in its factories, stockyards, shipyards, 
railyards, and docks, Chicago attracted many of the immigrants who flooded 
into the United States in the decades following the Civil War. A large propor-
tion of them hailed from eastern and southern Europe, but they also included 
internal migrants, including a small number of African Americans escaping 
the limited opportunities and racialized violence of the post- Reconstruction 
South. These migrants were both pushed and pulled toward Chicago. Dis-
placed from their homelands by poverty, war, oppression, and economic forces 
that were transforming agriculture along with industry, they chose Chicago 
and other industrial cities of the United States because of the economic and 
social opportunities they promised. Once in these cities, they found them-
selves living next to people from a variety of ethnic and religious backgrounds 
under unfamiliar and often challenging conditions. Having never lived in a 
large town before, let alone a city of Chicago’s magnitude and level of industrial 
development, many of them struggled to survive.

Even native- born Chicagoans struggled in the face of its exploitative in-
dustries, inadequate infrastructures, and faltering political institutions. These 
collective failures made for a hotbed of conflict between social classes, which 
sometimes erupted into violence, as it did in the notorious Haymarket Riot of 
1886, when multiple police and labor activists died after violence broke out at 
a demonstration for workers’ rights. While such dramatic events sparked inter-
est in reform, just as troubling to many social reformers were the subtler signs 
of a gradual breakdown in the standards of civilized society.14 The crowded 
tenements, crumbling houses, and inadequate sanitation of Chicago’s most 
impoverished districts regularly led to outbreaks of diseases such as tuberculo-
sis and typhoid; meanwhile, the proliferation of crime, prostitution, drunken-
ness, gambling, poverty, homelessness, and illiteracy attested to the growth of 
various forms of social and moral disorder. Cities had long been stigmatized 
as unhealthy and immoral, but the idea that they were growing even more so 
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over time in one of the world’s richest and most advanced nations challenged 
the prevailing late- nineteenth- century faith in progress, as did the failure of a 
corrupt and incompetent municipal government to meaningfully address the 
problem.

Taken together, these rapid changes in the urban landscape made Chicago 
and other industrializing US cities seem not only like a unique and unprece-
dented environment for human life but also one in desperate need of reform. 
Although the United States was not alone among industrializing nations in 
facing such problems during this era, its response to these changes was dis-
tinctive. Due to a tradition of decentralized government, powerful industrial 
cartels, and private philanthropy, government was expected to play a limited 
role in solving social problems. To the extent that the United States had any-
thing like the social policies that had been put in place over the preceding 
decades in other industrialized countries such as the United Kingdom and 
Germany, the benefits of those policies were limited mainly to people deemed 
to be morally deserving, such as war veterans or widowed mothers.15 In the 
absence of a strong state, Christian charity organizations took up some of the 
task of supporting the poor, but their interventions were typically focused 
more on the salvation of individual souls than on the structural conditions 
that shaped those individuals’ lives and choices. Both the government initia-
tives, such as they were, and the Christian charity organizations distinguished 
between those who suffered through no fault of their own and those who al-
legedly deserved their fate. In this context, the settlement movement that arose 
in the 1890s and 1890s offered an approach that was distinctively different, 
even radical— one that combined sympathy for the unfortunate with an under-
standing of social problems as the result not of individual moral failings but of 
a disordered relationship between communities and the industrial conditions 
surrounding them.

In the emergence of a social reform movement focused on the conditions of 
the industrial city, we can see how the concept of environment was adapted to 
circumstances and aims for which the concept of nature seemed largely beside 
the point. At the same time that conservationists and preservationists such 
as the forester Gifford Pinchot, the trophy hunter (and US president) The-
odore Roosevelt, and the wilderness advocate and Sierra Club founder John 
Muir were battling over the fate of what they understood as the vanishing US 
frontier, late- nineteenth- century urban reformers such as Addams, Florence 
Kelley, and Alice Hamilton were focusing on the material conditions necessary 
for social progress in an industrial society.16 It was among the latter, not among 
the conservationists and preservationists of “nature,” that the concept of en-
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vironment first became central. Inasmuch as both of these groups influenced 
later “environmentalists,” they can legitimately be seen as constituting two of 
the many “roots” and “origins” of environmentalism. In their own time, how-
ever, only one group was properly and explicitly “environmental”— namely, 
the one that conceived of the challenges of urban life as part of a much longer 
evolutionary narrative in which organisms both adapted to and reshaped their 
surroundings.

S u r v e y i n g

While some settlement houses focused exclusively on providing social ser-
vices and advocating for practical reform, others combined such activities with 
research aimed at understanding the causes and character of social problems. 
At Hull House in particular, Addams and other residents pursued an active 
program of research that took advantage of their proximity to diverse commu-
nities of immigrants struggling to thrive under the conditions of one of the late- 
nineteenth century’s most dynamic industrial cities. They drew inspiration in 
part from a monumental survey of London’s poor and working- class popula-
tions led by Charles Booth, which had used interviews and direct inspection of 
the living conditions of the poor to understand the origins and consequences 
of social problems in the city’s East End (where Addams was shocked by the 
evidence of “hideous human need and suffering” during a visit in 1883).17 
Booth’s study provided a model for how the causes and consequences of pov-
erty could be rigorously studied in Chicago and other American cities.18 Add-
ams and other settlement workers were also inspired by the nascent science 
of “sociology,” a term introduced by Auguste Comte in 1839 to describe “the 
positive study of the ensemble of fundamental laws concerning social phenom-
ena.”19 By the end of the nineteenth century, sociology had begun to coalesce 
as a distinctive discipline with its own departments, journals, methodological 
standards, and fundamental questions. Drawing these influences together, the 
US settlement movement developed its own distinctive approach to the social 
survey as a way of producing knowledge about the relationship between social 
disorder and the material environment.

In its prototypical late- nineteenth- century form, the social survey involved 
a mix of observation and interviews, both of which were guided by the use of 
preprinted forms (or “schedules”) that ensured that each surveyor (or “enu-
merator”) gathered standardized data that could be easily mapped and tab-
ulated.20 By canvassing a neighborhood and plotting the resulting data on 
occupation, income, national origin, and housing type, social surveyors linked 
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ethnicity and socioeconomic status to the spatial arrangement and physical 
infrastructure of the city in quantitative terms.21 Hull House was responsible 
for organizing the first such survey in the United States. In 1893, under the 
direction of the newly arrived resident Florence Kelley and with funding from 
the US Department of Labor, it sent a team of surveyors throughout the neigh-
borhood east of the settlement house to take notes on the conditions of the 
buildings and apartments and to ask residents about their nationalities, their 
families, their employment, and their wages. Hull- House Maps and Papers, 
published the following year, included color- coded maps of the distribution 
of populations with various demographic characteristics across the neighbor-
hood, along with essays by Hull House residents detailing the neighborhood’s 
distinguishing features and problems.22 Further surveys were carried out in 
subsequent years by Hull House and other settlement houses throughout 
the United States. In the late 1890s, for example, with Hull- House Maps and 
Papers as his model and with the support of the University of Pennsylvania 
and the College Settlement House, W. E. B. Du Bois carried out a social sur-
vey of Philadelphia’s largely African American Seventh Ward, the results of 
which were published in 1899 as The Philadelphia Negro.23 Probably the most 
ambitious of these social surveys was the Pittsburgh Survey, conducted in 
1907/08 in collaboration with the city’s Kingsley House settlement, which of-
fered a comprehensive account of the working and living conditions of the 
city’s working class.24 Like the social surveys in Chicago and Philadelphia, 
the Pittsburgh Survey sought to shift attention away from the moral failings 
of individual employees, employers, tenants, and landlords and toward the 
environmental causes of social problems.25

As the settlement movement grew and diversified, the social survey was 
refined and extended in new directions. In addition to mapping and tabulating 
neighborhood distributions of income and ethnicity, for example, surveyors 
began to conduct intensive investigations of the interiors of homes and work-
places. In the summer of 1900, with the sponsorship of Chicago’s City Homes 
Association and authorization from the city’s Department of Health to inspect 
buildings with or without the acquiescence of their owners, a team of enu-
merators conducted a detailed survey of the intimate domestic spaces of poor 
and working- class Chicagoans living in the city’s tenements.26 Combined with 
existing insurance and real estate maps, the survey’s results showed how the 
health and morality of the city’s working population and the prosperity of 
the city as a whole were threatened by the shortsighted greed of landlords 
and the failures of municipal government. Indeed, rather than improving with 
time, the quality of housing for the city’s workers seemed to be steadily declining  
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as landlords neglected maintenance and crowded their lots with as many tene-
ments and paying tenants as possible. Robert Hunter’s report on the survey, 
Tenement Conditions in Chicago, singled out for special opprobrium the rear 
tenements that opened directly onto the stables, privies, and refuse piles of 
the alleyways.27 “If landlords, with greed for profits and economy of ground 
space, continue to erect such tenements,” he warned, “the city man will soon 
have new conditions to confront. The factory by day, the tenements by night, 
will be his environment.”28

Social surveyors also investigated workplace environments, sending inspec-
tors into factories to assess conditions and interview workers and conducting 
detailed comparative studies of the causes of occupational injury and disease. 
Informed by the US labor movement and European socialism but keeping  
both at arm’s length, they reframed workplace injuries and illnesses as prod-
ucts of the environment rather than as the result of workers’ inexperience, 
carelessness, or stupidity. Kelley, for example, who had translated Friedrich 
Engels’s Condition of the Working Class in England into English before join-
ing Hull House, focused her attention on the dangerous conditions faced by 
children laboring in Chicago’s factories, eventually helping to enact significant 
reforms to Illinois’s labor laws.29 For young children, she successfully argued, 
no factory was a safe and healthy environment, no matter how well managed it 

F i g u r e  6 .  A child in an alleyway in one of Chicago’s tenement districts around 1900. 
(Reprinted from Robert Hunter, Tenement Conditions in Chicago: Report by the Investigating 
Committee of the City Homes Association [Chicago: City Homes Association, 1901], 40.)
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might be. Alice Hamilton, a physician who took up residence at Hull House in 
1897, began her work by investigating health and sanitation among Chicago’s 
poor before turning her attention to workplace health and safety. In 1910, she 
was recruited to participate in an occupational disease commission for the 
state of Illinois and then to the US Bureau of Labor, where she investigated 
cases of toxic poisoning among workers in the white- lead industry and other 
dangerous trades.30 Lax record- keeping, high rates of worker turnover, and 
the recalcitrance of all but a few progressive factory owners made this diffi-
cult work, but Hamilton eventually obtained compelling evidence that some 
factories were more dangerous than others, even within the same industry, the 
same city, and the same population of workers.31

Since the ultimate aim of social surveyors was social reform, it was essential 
for them to communicate their findings in ways that would sway politicians, 
philanthropists, and the broader public. To do so, they developed strategies of 
textual and visual representation that illustrated the importance of the physical 
and social conditions of the industrial city in shaping the lives of individuals 
and in producing social disorder. Rather than focusing on the moral qualities 
of individuals (as the literature of the Christian charity movement had often 
done), they depicted the city’s residents as being immersed in and often over-
whelmed by their surroundings. Recognizing the rhetorical limits of scientific 
prose and statistical tables, reports such as Tenement Conditions in Chicago 
and the Pittsburgh Survey’s Homestead: The Households of a Mill Town also 
deployed photography and personal narratives. They included images of im-
poverished immigrant children playing amid the garbage of the alleyways or 
along the banks of sewage- filled streams as well as stories of individual suffer-
ing, such as the family of seven forced to share a two- room, one- bed apartment 
with a view onto a trash- filled alleyway, or the woman whose eyes filled with 
tears when she spoke of keeping her children indoors because she was afraid of 
exposing them to the filth and danger of the streets.32 Beyond the social survey, 
an emphasis on the struggle of the individual against a constraining environ-
ment became one of the hallmarks of photographic and literary naturalism 
during this period.33 Novels such as Theodore Dreiser’s Sister Carrie and 
Upton Sinclair’s The Jungle, both of which feature protagonists who migrate 
to Chicago from rural areas in search of a better life, revealed the capacity of 
urban conditions to reshape the lives of the poor and the powerless.34

Developed at a time when sociology as an academic discipline was still 
in its infancy, the social survey provided methods and data that US sociolo-
gists adopted not only to empirically test their theories, but also to prove the 
existence of something called “society” that could not be reduced to either  
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biology or history and that required the use of a distinctive set of “sociolog-
ical” methods. In general, sociology as an academic discipline in the 1890s 
remained loosely defined and methodological eclectic, drawing on methods 
and insights from history, economics, biology, and psychology. The University 
of Chicago’s sociology department had been established in 1893, just three 
years after Hull House and one year after the new university itself, under the 
direction of Albion Small. Through his frequent contact with Addams, Kel-
ley, and the other residents of Hull House, Small became convinced that the 
social survey would become a vital source of evidence for sociology. In the 
1894 textbook An Introduction to the Study of Society, he and his coauthor 
George Vincent noted that one of the research methods they were advocating 
was exemplified by “series of sociological maps soon to be published under 
the supervision of Miss Jane Addams, of Hull House, in Chicago.”35 For their 

F i g u r e  7 .  A map of household income in a neighborhood near Hull House, based on a 
social survey organized by Florence Kelley in 1893. (Reprinted from Residents of Hull- House, 
Hull- House Maps and Papers [New York: Thomas Y. Crowell, 1895]; in color in the original. 
Digital scan courtesy of Leigh Bienen, Northwestern University Library, and Northwestern 
Pritzker School of Law.)
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part, settlement residents consulted with academic sociologists to refine their 
methods and used publications such as Small’s American Journal of Sociology  
to bring their work to new audiences.36

Through the history of the social survey and its central role in the settle-
ment movement, we can see how an initially quite abstract and general concept 
became an effective tool for understanding and changing the world under a 
particular set of conditions. As theoretically alluring as the concept of the “so-
cial environment” may have been, by itself it was too ethereal to offer much 
purchase for practical reform. The consequences of disorder in the relation-
ship between the social organism and its environment were visible in the pov-
erty, disease, filth, crime, and vice of Chicago and other industrial cities, but 
the relationship itself remained difficult for reformers to grasp— even when, 
like Addams, they took up residence in the most troubled urban districts. It 
was only through studies such as Hull- House Maps and Papers, The Phila-
delphia Negro, Tenement Conditions in Chicago, and the six volumes of the 
Pittsburgh Survey that the “social environment” became a compelling object 
of both scientific research and social reform. We can thus see how the social 
survey transformed the social environment into a concrete object of knowledge 
and concern by statistically characterizing the social and material aspects of 
entire districts and their human populations.

R e f o r m i n g

Rather than seeking to exhort, cajole, or coerce poor and working- class im-
migrants into improving themselves through sheer force of will or religious 
devotion, the settlement movement sought to transform their surroundings 
while also giving them the skills they needed to transform them on their own. 
Its most powerful tool for doing so was the settlement house itself, which  
provided a working and living environment for residents as well as a gather-
ing place and model home for people in the surrounding neighborhoods. At 
Hull House, for example, Addams and Starr took pains to decorate its public 
spaces in the style of a middle- class household rather than that of a hospital, 
clinic, school, or other institutional space.37 Their aim in doing so was twofold. 
First, they sought to make it clear to visitors from the neighborhood that Hull 
House was their home as well as their place of work and therefore that they 
were not only trying to fix the neighborhood’s problems but were also living 
with them on a daily basis. Second, they aimed to provide a model of middle- 
class standards that members of the community could enjoy during visits and 
to which they might aspire for their own homes. By making Hull House’s 
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rooms available for family celebrations and club meetings, for instance, they 
gave working- class and immigrant families an alternative to the saloon while 
exposing them to middle- class standards of cleanliness, wholesomeness, and 
morality. Similarly, Hull House’s nursery and kindergarten provided not only 
a service to the community but also a model that settlement house residents 
hoped community members would emulate.38 Courses in cooking, child- 
rearing, and sewing and other crafts made some of these lessons explicit.39

The settlement house also served as an educational institution in a broader 
sense, teaching neighborhood residents practical skills and giving them an 
opportunity to learn about and debate the issues of the day. Discussion clubs 
on politics, economics, and literature met at the house, and lecturers from the 
University of Chicago were invited to teach extension courses. Wary of alien-
ating immigrants and creating intergenerational schisms by demanding that 
they abandon their traditions, Hull House also sought to incorporate into its  
educational program some of the immigrants’ own practices. As Addams ar-
gued, although those practices were often rooted in rural landscapes and ways 
of life that had little in common with late- nineteenth- century Chicago, they 
nonetheless represented important stages in the evolution of human industry. 
To illustrate the point, Hull House residents assembled a small labor museum 
from a collection of spinning and weaving tools donated by Syrian, Greek, Ital-
ian, Russian, and Irish women in the neighborhood. By revealing a history of 
gradual progress from primitive hand spindles to modern weaving machines, 
Addams wrote, the museum enabled “even the most casual observer to see that 
there is no break in orderly evolution if we look at history from the industrial 
standpoint.”40 In such ways, Hull House sought to provide an educational 
environment in which components of the unfamiliar and often chaotic city 
were arranged so as to reveal a hidden order.

Recognizing that the impact of the settlement house would be limited as long 
as the surrounding neighborhood was hazardous to the safety, well- being, and 
moral character of its inhabitants, residents also advocated for improvements 
to public infrastructures and municipal services beyond the settlement house 
itself. Much of this work was informal, seeking to make up for official neglect 
and community apathy by persistently bringing problems to the attention of 
the municipal government.41 In a few cases, however, it involved taking official 
positions as inspectors who were legally empowered by municipal, state, or 
federal governments to demand improvements. Addams, for example, briefly 
served the city of Chicago as a refuse inspector for the district around Hull 
House, following garbage collectors to ensure that they fulfilled their respon-
sibilities.42 Similarly, Kelley used her position as factory inspector for the state  



The Urban Milieu 91

of Illinois to advocate for restrictions on child labor, while Hamilton’s ser-
vice on a state commission on occupational diseases allowed her to advocate 
for improvements in workplace conditions.43 Settlement house residents also 
advocated for the creation of parks and playgrounds where working- class and 
immigrant families could escape the danger and filth of city streets, as well as  
child- labor laws and childcare facilities that reduced the temptation for des-
perately poor families to send their children to work in factories. Over time, 
settlement workers also became increasingly engaged with municipal politics, 
recognizing that little could be done to improve the urban environment as 
long as corrupt municipal officials remained in thrall to the owners of saloons, 
brothels, tenements, and factories who benefited from the exploitation of the 
poor and powerless.44

When urban environments were judged irredeemable, reformers sometimes 
sought to eliminate them entirely. In the early 1890s, for example, Hull House 
leased a parcel of land and demolished the dilapidated houses that had been 
built on it to make room for a park and playground.45 In other cases, when it 
proved impossible to either ameliorate or eliminate a dangerous, unhealthy, or 
immoral urban environment— whether it be an unsanitary tenement, a hazard-
ous factory, a rowdy saloon, or a seedy brothel— they instead sought to remove 
vulnerable individuals from that environment or to prevent them from en-
countering it in the first place. With an eye toward the protection of the health 
and reputations of young women from the surrounding districts, for example, 
Hull House residents— many of whom, including Addams, were unmarried 
or divorced themselves— offered counseling, training, and alternative forms 
of leisure. In these ways, social reform as practiced by the settlement move-
ment navigated between a commitment to practical democracy and a desire 
to promote specific values that reformers associated with social progress. It 
entailed helping people to choose the environments that reformers believed 
were best for them while also reshaping the environments that were available 
for them to choose.

The settlement movement was just one of number of initiatives in the 
United States and in Europe that sought to solve the social problems of the 
industrial city by improving the conditions of everyday life.46 The town plan-
ning movement, for example, embraced some of the same aims and methods 
as the settlement movement, although it operated on grander scale and placed 
greater confidence in experts. The Scottish biologist and social reformer Pat-
rick Geddes, for example— one of the leading international advocates of town 
planning— had in 1884 helped establish an “Environment Society” that aimed 
to improve the conditions of the poor in Edinburgh’s Old Town.47 In 1899 
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and 1900, Geddes visited Hull House to learn from Addams and her fellow 
residents and to share his theories of how urban reform could promote the 
biological and social development of its inhabitants.48 Closer to home, the 
Chicago- based town planner Daniel Burnham, architect of the 1893 World’s 
Columbian Exposition and author of the influential 1909 Plan of Chicago, 
approached the city as “an organism in which all the functions are related one 
to another.”49 Only very partially implemented over the succeeding decades, 
Burnham’s 1909 plan expanded to a grand scale some of the same social re-
form impulses that drove the settlement movement, though stripped of their  
most democratic and pragmatic elements.

By focusing on the ways in which the settlement movement adopted and 
adapted the concept of environment to its own practical efforts, we can see 
better both what it had in common with other progressive reform efforts and 
what made it distinctive. What it shared with town planning and social welfare 
policies was the conviction that the social problems of the late nineteenth and 
early twentieth centuries could be solved by improving the fit between urban 
residents and their industrial surroundings. What distinguished it was a focus 
on democratic, participatory, situated, and pragmatic reform. In itself, the idea 
that society could be best understood as an “organism” in relation to its “en-
vironment” could be used to support both top- down town planning exercises 
such as Burnham’s Plan of Chicago, which sought impose a unified vision of 
social order on a chaotic city, and pragmatic experiments such as Hull House, 
which attempted to collaborate meaningfully with poor and working- class im-
migrants and to respond to their needs and wishes. The idea that society was 
an organism could, in other words, be deployed both by those who believed 
that they could mold that organism from the outside and by those who be-
lieved that progress would come only when the entire organism, from its low-
liest to its most elevated members, worked together to improve its collective 
lot. In this way, the progressive discourse around the social environment was 
politically ambiguous, leaving open the question of how the social organism 
could be improved and by whom.

T h e  E v o l u t i o n  o f  S o c i e t y

The settlement movement emerged at a time when practitioners in fields such 
as medicine, psychology, and sociology were beginning to explicitly reframe 
their goals and problems in terms of “environments” and the entities they sur-
rounded. Many of them drew directly on the concept of environment as it had 
been articulated in the grand theories of Comte, Spencer, and their followers. 
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Addams read widely in the social theory of her day, and in a later account of her 
tour of Europe in the mid- 1880s, she recalled spending one late night trying 
to formulate her dreams of meaningful social action in “ill- digested phrases 
from Comte.”50 While Comtean positivism failed to win Addams’s allegiance, 
the faith in the intentional improvement of the human condition through the 
application of science that it represented influenced the path she ultimately 
took.51 Even more important was the evolutionary theory of the day, which was 
included as part of the educational program of Hull House; some of the most 
popular lectures delivered in its early years, Addams later recalled, belonged 
to a series on the theme of “organic evolution” delivered by a young university 
lecturer.52 Other settlement house residents picked up their understanding of 
evolutionary theory in less formal ways, but they shared Addams’s faith that 
the settlement movement could contribute to an ever- closer, more refined, 
and more just coordination between the social organism and its conditions 
of existence.

The particular version of evolutionism embraced by the settlement move-
ment built on but also challenged the liberal, laisser- faire variety advocated 
by Herbert Spencer, who had been largely responsible for introducing the 
term environment into English- language scientific discourse in the 1850s. 
Extraordinarily influential in the late nineteenth century, Spencer’s vision of 
evolution as the progressive adaptation of organisms to their environments 
helped naturalize Victorian ideas of social and civilizational hierarchy across 
the English- speaking world. Beginning with his 1855 The Principles of Psy-
chology and continuing in a series of works published over the succeeding 
decades, Spencer argued that each organism should be understood as con-
stantly seeking to adapt to its “environment.” Organisms and human socie-
ties alike, he argued, could be evaluated and ranked by the complexity and 
efficacy of those adaptations as they evolved through time. As he put it in The 
Principles of Sociology, although “the characters [i.e., characteristics] of the 
environment co- operate with the characters of human beings in determining 
social phenomena,” the precise nature of the cooperation differed as one rose 
up the scale of social evolution, with more advanced civilizations showing both 
more sensitivity to and more control over their surroundings. Societies that 
were “highly organized, rich in appliances [i.e., technologies], advanced in 
knowledge, can, by the help of various artifices, thrive in unfavourable habitats, 
yet feeble, unorganized societies cannot do so: they are at the mercy of their 
surroundings.”53

While the settlement movement generally accepted Spencer’s idea of social 
evolution and the hierarchies it implied, it rejected the radical liberalism that 
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led him to argue that any attempt to intentionally reshape society through gov-
ernment could only slow the process of adaptation. On the contrary, Addams 
and her colleagues believed that modern, industrialized societies had reached 
such a level of complexity and interdependence that further progress was 
possible only through intentional, coordinated planning. In support of this 
belief, they drew on the theories of post- Spencerian progressive evolutionists 
of the late nineteenth century such as the American botanist and sociologist 
Lester Ward, who distinguished between a “genetic” form of adaptation that 
operated unconsciously and automatically in all forms of life and a “telic” one 
through which humans consciously sought to achieve their goals.54 For Ward, 
the fact that some of the plants introduced to North America had grown even 
more vigorously in their new homes than in their native habitats proved that 
evolution did not automatically produce a perfect fit between an organism 
and its environment. On the contrary, organisms had latent potential that was 
not expressed in their ordinary environments. Spencer’s use of evolutionary 
theory to justify laisser- faire liberalism was therefore contradicted by the study 
of nature itself, which revealed that relationships between organisms and their 
environments could be dramatically and intentionally improved through hu-
man action. The implications for social policy were clear: rather than allowing 
evolutionary processes to operate unchecked, humans had a responsibility to 
“accelerate social evolution” for the sake of the “conscious improvement of 
society by society.”55

Although neither Ward’s overarching theoretical framework nor many of 
his specific arguments and examples were convincing to most US sociologists 
as the field professionalized at the end of the nineteenth century, his interest 
in the biological foundations of society and in the possibility, contra Spencer, 
of intentionally accelerating social evolution left a deep impression. For Small 
and other sociologists in Chicago, for example, the study of living beings and 
the study of society were part of a single structure of knowledge, the latter 
modeled on the former but not reducible to it.56 What brought the two into 
alignment was the generalized concept of the organism, which could be ap-
plied to individuals as well as societies. As Small and Vincent explained in 
their 1894 textbook An Introduction to the Study of Society, the idea that “soci-
ety is an organism” was fundamental to sociology, since it made it possible to 
identify the distinct functions played by each part of society in relation to the 
whole.57 They hastened to point out that human societies were not literally 
organisms in the sense that animals or plants were; nor did human societies, 
considered as organisms, necessarily contain all the kinds of parts or display 
all the functions that biologists had identified in living beings.58 Just like those 
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living beings, however, society could also be considered a “whole whose parts 
are intrinsically related to it, which develops from within, and has reference 
to an end which is involved in its own nature.”59 The task of sociology, they 
believed, was to understand this organism so that it would be better able to 
improve itself.

The settlement movement created its own distinctive form of progressive 
evolutionism by combining the ideas of Comte, Spencer, Ward, Small, and 
others with the practical experience of social reform. Addams, for example, 
in addition to being inspired by her reading of Comte in the 1880s, was in 
close conversation throughout the 1890s and 1900s not only with Small but 
also with the pragmatist philosopher and progressive reformer John Dewey, 
who taught at the University of Chicago from 1894 to 1904 and regularly vis-
ited Hull House.60 Like Dewey, she embraced aspects of evolutionary theory 
even while remaining critical of evolutionists who neglected the agency of the 
individual or presumed that morality was somehow in conflict with biology.61 
Organisms did not simply adapt to the threats and opportunities posed by 
their surroundings, she believed; they also transformed those surroundings in 
ways that determined their own future development. This was particularly the 
case for human beings, whose psychological and social life was so much richer 
than that of other species. In light of the “modern evolutionary conception  
of the slowly advancing race whose rights are not ‘inalienable,’ but hard- won 
in the tragic processes of experience,” Addams wrote in her 1906 book Newer 
Ideals of Peace, it would not suffice for humanity to allow natural evolutionary 
processes to work unchecked, as Spencer and his disciples had argued.62 On 
the contrary, echoing Ward, she proposed that progress would result from 
understanding and controlling the psychological and social processes that 
mediated the organism– environment relationship.

Progressive evolutionism also provided a framework for understanding 
and justifying the leading role that women played in progressive reform. In 
her 1898 book Women and Economics, Hull House resident Charlotte Perkins 
Gilman built on Ward’s call for a progressive, post- Spencerian sociology that 
would accelerate human evolution by empowering women.63 The moral and 
social problems of modern society, she argued, could be traced to an eco-
nomic system that made women dependent on men rather than on their own 
labor— indeed, one that made men into the “immediate and all- important en-
vironment” of women, to which women were forced to adapt in order to sur-
vive.64 This unequal “sexuo- economic relation,” as Gilman called it, slowed 
not only the evolutionary progress of women as a sex but also the race as a 
whole: “As we learn to see how close is the connection of that which we call  
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the soul with our external conditions, how the moral sense and the behavior 
of man are modified by the environment, we must of course look for marked 
results in psychic development arising from so important a condition as our 
sexuo- economic relation.”65 Changing that relation, she argued, would trans-
form aspects of the male and female character that had been presumed to be 
natural but were in fact products of the social environment. In a gendered 
interpretation of progressive evolution that drew inspiration from Ward, Gil-
man argued that social evolution would depend on what she saw as the most 
enlightened segment of society— namely, educated, independent white women 
such as herself— seizing the reins of the evolutionary process and directing it 
toward higher ends.66

Although some advocates of progressive evolution, including Gilman, used 
it to support their belief that certain races were more advanced than others, 
others saw evolutionary theory as a resource in their struggles for racial equal-
ity. Du Bois, for example, justified his social survey of Philadelphia’s Seventh 
Ward by stressing its potential to reveal how members of different human races 
adapted to the social and industrial conditions they faced. As he explained in 
an essay on the theoretical framework of his research, the United States pro-
vided “the most remarkable opportunity ever offered” to study the influence of 
environment on human races.67 Unlike mid- nineteenth- century race theorists 
such as Robert Knox and James Hunt, however, Du Bois focused on the “social 
environment,” particularly the pervasive racial discrimination that he believed 
had delayed and distorted African American adaptation to the conditions of 
the industrial city.68 Without entirely dismissing the possibility of deep- seated 
racial differences, Du Bois shifted the focus to the social conditions that aided 
or hindered the flourishing of an individual or a race. Because “in the realm 
of social phenomena the law of survival is greatly modified by human choice, 
wish, whim and prejudice,” he wrote, “one never knows when one sees a social 
outcast how far this failure to survive is due to the deficiencies of the individ-
ual, and how far to the accidents or injustice of his environment”— a universal 
fact that was “especially the case for the Negro” in the United States.69

In the context of both Gilman’s and Du Bois’s varieties of progressive evo-
lutionism, the progress of a sex, a race, or humanity as a whole depended 
mainly on the advances made by its most talented members. Du Bois famously 
placed his faith in the “talented tenth” of the African American population, 
while Gilman expected the “thinking women of to- day” to take responsibil-
ity for social evolution.70 Other progressive evolutionists, however, embraced 
more egalitarian visions. Addams, for example, resisted attempts to transform 
the settlement house into a site where elite experts imposed their ideas on the 
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supposedly ignorant masses or studied them as if they were specimens in a 
museum or laboratory. Such efforts, she argued, ignored one of the necessary 
burdens of democracy: “that we are bound to move forward or retrograde 
together.”71 By reframing social problems in terms of the relationship between 
the social organism and its environment rather than in terms of the moral 
failings of individuals, Addams hoped to convince other elites that such prob-
lems were indeed social in nature and therefore demanded social solutions, 
while also avoiding casting blame on the poor and powerless. Moreover, she 
believed that knowledge had to be developed together with practice rather 
than first being developed and then applied. As she wrote in 1899, “The ideal 
and developed settlement would attempt to test the value of human knowledge 
by action, and realization, quite as the complete and ideal university would 
concern itself with the discovery of knowledge in all branches.”72 In contrast 
to academic scholarship that sought to describe life in abstract terms, in other 
words, the settlement movement in general and Hull House in particular 
would “express the meaning of life in terms of life itself.”73

By examining the way progressive evolutionism as advocated by Ward and 
other late- nineteenth- century sociologists was adopted and adapted by the 
settlement movement, we can see how a particular variant of the concept of 
environment was transformed from an abstraction to a concrete means of orga-
nizing action, and in the process shifted its form. Addams and her colleagues 
did not simply apply the concept of environment to their problems; rather, 
like the pragmatists they were, they put it into practice under particular cir-
cumstances and in the service of particular aims. Through the technique of  
the social survey and the institution of the settlement house, the idea of the 
“social organism” and its “social environment” took on a specific meaning, 
which was necessarily different from the set of meanings articulated by theo-
rists such as Ward under other circumstances and with other aims. Both were 
environmental, but each was environmental in its own way.

F r o m  P r o g r e s s i v e  E v o l u t i o n  t o 
E c o l o g i c a l  A n a l o g y

Although the settlement movement thrived from the 1890s to the 1910s, it lost 
momentum in the following years, as did the broader progressive movement 
of which it was a part. The settlement houses were partly victims of their own 
success, as some of their activities— from the construction and maintenance 
of small parks and playgrounds to the conduct of social surveys— were taken 
over by municipal and state governments or by academic sociology depart-



98 Chapter 3

ments once they had demonstrated their promise. The playground that Hull 
House had built in the early 1890s after tearing down a row of dilapidated 
houses, for example, was turned over to the City Playground Commission 
after ten years.74 Moreover, as the political winds shifted, the social ideals of  
the settlement movement were increasingly met with skepticism or even out-
right opposition. Between the United States’ entrance into World War I in 1917 
and the Immigration Act of 1924, which prohibited the naturalization of people 
of Asian descent and established strict quotas for others, Americans grew less 
sympathetic to the idea of devoting resources and expertise to improving the 
conditions faced by poor and working- class immigrants to industrial cities.75 
At the same time, the settlement movement began to fracture from within as a 
new generation of leaders with divergent visions came to the fore.76 As a result, 
the movement’s most influential and innovative period came to an end, with 
the number of settlement houses dropping to just over half what it had been in 
1910 by the 1930s.77 Hull House lasted longer than most, but in the wake of the 
Great Depression and Addams’s death in 1935, it entered a period of turmoil 
from which it never fully recovered.78

The settlement movement also relinquished its place at the forefront of 
research on social processes and social problems as the discipline of sociology 
became increasingly professionalized and concentrated in academic depart-
ments. In the 1890s, the University of Chicago’s sociology department had 
been closely engaged with the practical research and reform carried out by  
the settlement houses and with the results of the social surveys they performed. 
In the following decades, however, a younger generation of sociologists in-
creasingly distanced themselves from practical reform and instead sought to 
establish identities as disinterested scientists. After Robert Park began teach-
ing sociology at the University of Chicago in 1914, for example, his distaste 
for “do- gooders” became one of the department’s defining characteristics.79 
Despite (or perhaps because of ) his prior experiences as a journalist and as 
an assistant to Booker T. Washington at the Tuskegee Institute, Park was con-
vinced that most efforts to directly reshape the urban environment to achieve 
social aims were doomed to failure.

Park therefore taught his students that sociology could best serve society 
by producing objective insights into the functioning of human groups, which 
would ultimately provide the basis for reforms that were more successful than 
those offered by the settlement movement. He and his colleagues in what be-
came known as the Chicago School of Sociology consequently abandoned 
the pragmatic intertwining of knowledge and action that Addams and others 
had advocated. Instead, they endorsed a division of labor between sociologists 
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concerned with the production of universal truths about human society, on 
one hand, and social workers and reformers concerned with the solution of 
immediate social problems, on the other. In 1920, this division of labor was 
formalized at the University of Chicago when it incorporated the previously 
independent Chicago School of Civics and Philanthropy as the central com-
ponent of its new School of Social Service Administration.80 Thenceforth, it 
was clear that reformist social work belonged in one part of the institution, 
scientific sociology in another.

In the 1910s and ’20s, sociologists at the University of Chicago sought to 
establish a set of objective methods and professional standards that would 
keep them above the fray of partisan politics and the messy details of practical 
reform. Correspondingly, they argued that the social environment could and 
should be studied on its own terms, with techniques that were specifically tai-
lored to the study of the social domain. While they continued to use the meth-
ods of the social survey, they focused most of their efforts on techniques they 
believed would give them a richer sense of the inner lives and social worlds of 
the city’s inhabitants— that is, techniques that would produce data on aspects 
of human life in the industrial city that were purely social. For these purposes, 
what Park dismissed as the “trivial schedules” of the social survey and the in-
spections of living and working conditions carried out by settlement workers 
were of limited use.81 Instead, he and colleagues such as William I. Thomas 
argued, sociologists would need to use letters and other personal documents, 
in- depth “life history” interviews, and what would later come to be known as 
participant observation— that is, sharing as much as possible in a community’s 
existing patterns of work and life in order to understand them from the inside. 
An early example is the work of Nels Anderson, one of the graduate students 
under Park’s tutelage, who spent a year living among Chicago’s hobos while 
also collecting more than sixty life histories and “a mass of documents and 
other materials.”82 This expanded array of methods and sources aimed to 
document not the kinds of objectively determinable facts of the urban envi-
ronment produced by the social survey— the number of saloons, the filthiness 
of the alleys, the crowding of tenements, the occupations and incomes of resi-
dents, and so forth— but rather what Thomas called the subjective “definition 
of the situation.” It was that subjective definition, Thomas argued, that gave 
the observable facts their social significance.83

As they adopted these new methods, Chicago sociologists came to see 
the city primarily as a field site or even a “laboratory” for research— a meta-
phor that Addams had previously rejected as being insufficiently “human and 
spontaneous” to capture the collaborative, reform- oriented work of the settle-
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ment movement.84 Within that laboratory sociologists focused their research 
on certain groups or urban types, such as the hobo, the gang member, the  
“unadjusted girl,” or the “jack- roller” who made his living by robbing the 
indigent and intoxicated.85 By reconstructing the life history of an individual 
belonging to one of these types, they aimed to reveal “the intimate interplay 
between his impulses and the effective stimuli of the environment.”86 Doing 
so often required researchers to become closely involved with the communi-
ties they were studying. Anderson, for example, had spent years riding the 
rails before he was recruited to study Chicago’s hobos; he was in some ways 
more personally familiar with the people he was studying than any settlement 
worker had ever been, and he shared with the settlement residents the de-
sire to conduct research that would aid in the project of social reform.87 For 
Park, however, who supervised Anderson’s research and wrote the preface 
to the 1923 book that resulted, The Hobo: The Sociology of the Homeless Man,  
the project’s importance had nothing to do with reform. Rather, it was im-
portant because it showed how a detailed study of a particular community or 
subculture could produce insights into the fundamental processes that gov-
erned urban society. Such research was for Park primarily a contribution to 
“our permanent scientific knowledge of the city as a communal type”; only 
secondarily, if at all, was it aimed at improving the lives of the city’s residents.88

As they consolidated their position as experts on “society,” sociologists 
also gradually changed their position on the relationship between social and 
biological evolution. For late- nineteenth- century progressive evolutionists in-
fluenced by Comte and Spencer, the processes that governed human societies 
were intimately connected to the processes described by biologists, even if 
the two were nonetheless distinct. Society, they argued, was a refinement and  
a continuation of biology, not a domain entirely apart, and human society 
represented the highest and most complex result of evolutionary processes 
that were ultimately cosmic in nature. Sociologists of the Chicago School, by 
contrast, were dubious of the progressive evolutionary framework for multiple 
reasons. One was its grand scope, which was ill suited to the development of 
highly specialized disciplines, each focused on its own particular corner of the 
cosmos. Another was the way that nineteenth- century forms of progressive 
evolutionism had often been used to support racial and civilizational hier-
archies, such as Spencer’s attempt not only to distinguish between “highly 
organized” societies and “feeble, unorganized” ones but to depict such a dis-
tinction as natural. Against this tradition of evolutionary thought, Chicago 
School sociologists argued that society was an entirely autonomous domain 
governed by laws analogous to but fundamentally separate from those that 
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biologists had identified for living organisms.89 The idea of the “social organ-
ism” did not disappear from their work entirely, but it became increasingly 
metaphorical, losing even the tenuous links that it once had to the study of 
biological organisms in the early days of Chicago sociology.

Thus, while Chicago School sociologists borrowed the language of plant 
ecology to describe the “processes of competition, invasion, succession, and 
segregation” affecting urban communities, they saw no need to study the 
city’s soils or vegetation, or even the kinds of material factors such as crowd-
ing and sanitation that Addams and her colleagues had tried to track through 
social surveys.90 Rather, what mattered most to Park and his colleagues was 
the “social environment” or the “moral climate,” which was defined by urban 
residents’ subjective perceptions of the social forces and actors surrounding 
them— that is, Thomas’s “definition of the situation.”91 Their aim in borrow-
ing the language of plant ecology was to gain access to a rich set of metaphors 
and to bolster their scientific authority, not to pursue studies that linked human 
society to its material surroundings.92 The increasingly sharp divide between 
biology and sociology also had implications for their view of social reform. If 
what mattered were not the material conditions of the industrial city but rather 
residents’ perceptions, attitudes, and values with regard to those conditions, 
then social problems could not be solved simply by closing saloons, building 
playgrounds, cleaning streets, or renovating tenements. On the contrary, Park 
wrote in a 1925 essay on juvenile delinquency, it was clear that “any effort to 
re- educate and reform the delinquent individual will consist very largely in 
finding for him an environment, a group in which he can live, and live not 
merely in the physical or biological sense of the word, but live in the social and 
psychological sense.”93 It was therefore the “play group” as a social unit that 
ultimately mattered, not the playground as a material environment.94

Understanding society and its surroundings in this way helped shift the focus 
of research and reform from the everyday municipal and domestic concerns of 
the settlement movement to the exchange of ideas and information in complex 
modern societies. For Park and his colleagues in the Chicago School, it was 
clear that modern societies were structured through formal regulation, large 
institutions, and the mass media of newspapers, films, and radio rather than 
through the kinds of personal relationships and face- to- face encounters that 
the settlement movement had cultivated.95 In a mass society of this kind, they 
argued, the most pressing threats were not unsanitary alleyways or danger-
ous factories but the breakdown of the social fabric— something that could 
be accelerated by the efforts of businesses and governments to reshape the  
social environments of urban residents in ways that heightened profits and 
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concentrated power but undermined democracy and social order. Changing 
perceptions, attitudes, and values therefore took higher priority than changing 
the material environment, and new institutions and methods were required to 
do so. These included what Park called “social advertising,” which sought to 
“educate the public and enlist the masses of the people in the movement for 
the improvement of conditions of community life” by exposing them to certain  
images, ideas, and narratives.96 In this new world, the “city environment” or 
“urban environment” was still important, but it was an environment that con-
sisted of subjective perceptions and values rather than of pragmatic and em-
bodied engagements with one’s social and material surroundings.97

In the years following World War I, critics of the progressive movement 
used this new way of defining and materializing the environment to question 
the very possibility of democratic, pragmatic social reform as it had been ad-
vocated by Addams, Dewey, and other progressives. The journalist Walter 
Lippmann, for example, based his widely debated critique of US democracy 
on the existence of an unbridgeable gap between the subjective world of atti-
tudes and beliefs of individuals and the objective world of social and physi-
cal realities— a position that led him to propose delegating some of the most 
important social decisions to a technocratic elite rather than to the kind of 
pragmatic experimentation pursued by the settlement movement. In his 1922 
book Public Opinion, he argued that individuals in modern mass societies 
lived in “pseudo- environments” consisting of understandings of the world 
around them that were at best partial and at worst highly inaccurate.98 These 
pseudo- environments consisted of nothing but “pictures inside our heads,” 
which became “Public Opinion” when they were transformed into the basis 
of collective action.99 In complex modern societies, however, Lippman argued 
that it was impossible for any individual to have a firm grasp on all matters 
of public concern, which meant that such “pictures” would always be faulty. 
Reformers who placed their faith in the participation of an informed public 
in democratic policymaking were therefore bound to be disappointed.100 
Whereas Addams and other pragmatic, progressive evolutionists had argued 
that social progress depended on creating institutions where people of di-
verse ethnicities and classes came together to pursue both knowledge and 
action, Lippmann suggested that only experts and the public administrators 
who employed them could be trusted to gain an understanding of the “real 
environment.”101 In an era of mass media and disciplinary specialization, such 
arguments became increasingly compelling to many Americans, overshadow-
ing the previous generation’s faith in the possibility of improving the social 
organism by transforming its environment.
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By following the rise and fall of a variety of progressive politics that sought 
to improve the health of the social organism by reforming its environment, we 
can see how the ability of a concept to make a difference in the world depends 
on more than the content of the concept alone. The power of the variant of the 
concept of environment that had been articulated by progressive evolutionists 
and settlement reformers did not vanish overnight; indeed, there are aspects 
of it that remain appealing today. What changed was the world in which that 
concept could be put into practice, including the specific techniques and in-
stitutions that made it visible and tangible. As sociologists professionalized at 
the University of Chicago and elsewhere in the early decades of the twentieth 
century, for example, the allure of a concept that linked them tightly to non-
professionals and nonacademic contexts such as the settlement house faded. 
Similarly, as the social structure of the industrial city shifted in response to 
new forms of mass media and mass consumption, the neighborhood- based 
environmental reforms advocated by the settlement movement came to seem— 
and in some cases actually to be— less effective than efforts to change urban 
residents’ “definition of the situation” through “social advertising” and other 
means. As the world changed, this variant of the concept of environment, 
which had been both inspiring and effective for decades, suddenly lost its 
appeal.

*

In the summer of 1892, when progressive evolutionism was at its height and 
Hull House was leading the US settlement movement into its most innova-
tive and expansive period, Addams was invited to lecture at the School for 
Applied Ethics in Plymouth, Massachusetts. In the published version of her 
lecture, which summarized the aims and objectives of Hull House as they had 
developed over the previous three years, she warned that the “one thing to be 
dreaded in the Settlement is that it lose its flexibility, its power of quick adapta-
tion, its readiness to change its methods as its environment may demand.”102 In 
other words, she suggested, the settlement house was a kind of organism that 
would thrive not simply by responding to the demands of its environment but 
also by maintaining its capacity to respond to the still- unknown environments 
of the future. In this way, Addams wrote, the settlement house was an “experi-
mental effort to aid in the solution of the social and industrial problems which 
are engendered by the modern conditions of life in a great city.”103

The experimentation embodied in Hull House and other settlement houses 
of the period was linked to a view of society as an organism that evolved over 
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time in relation to an environment that consisted of both physical and social 
factors. This evolution was not, in Addams’s view, something that happened 
by itself, as Spencer and his disciples had argued. Nor was it a process that 
would inevitably reach some foreordained conclusion. On the contrary, social 
evolution had to be carefully nurtured and directed by humanity with the in-
terests of the social organism as a whole in mind. The only question was how 
the process of evolution was to be directed. For Addams, the answer to that 
question was the settlement house, an experiment that brought middle- class 
reformers and working- class immigrants together without a predetermined 
outcome but instead with the aim of discovering how best to improve the lot 
of all. The social survey was an important tool in this process of discovery, 
bringing to light regularities in the relationship between social disorder and 
the conditions of the industrial city that could serve as the basis of reform. 
Just as important, however, was the day- to- day process of collaboration and 
conversation, which Addams believed produced both stronger communities 
and a more robust knowledge of society.

Over the course of the 1910s and 1920s, both the progressive evolutionism 
and the pragmatic social reform advocated by Addams were largely abandoned 
by US sociologists, particularly those of the Chicago School, who used stark 
divisions between society and biology to simultaneously distance themselves 
from the racist implications of progressive evolutionary theories and bolster 
their authority as scientists. Ironically, the use of ecological analogies by Park 
and others reinforced this division, even as it strengthened their commitment 
to an “environmental” account of society. In their work, the urban “environ-
ment” to which the “social organism” responded had little to with the physical 
structure of the city or the living beings found within it. Rather, it was purely 
social and psychological in character— that is, connected to the material en-
vironment only through the perceptions, attitudes, and values that were sub-
jectively attributed to that environment by residents of the city as part of their 
“definition of the situation.” Consequently, Park and his colleagues argued, 
social problems arose from social disorganization and disorders of person-
ality rather than from crowded tenements, unsanitary alleyways, raucous sa-
loons, or other aspects of the material environment of poor and working- class 
Chicagoans. To study such problems, they therefore largely replaced the social 
survey with a new set of methods capable of revealing the inner experiences 
and social relations of the urban resident.

By examining the environmentalism of the settlement movement, we can 
see how the adoption and adaptation of explicitly environmental language was 
closely linked to a particular social and material context— in this case, the 
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industrial city and its problems. It was in the industrial city, reformers and 
researchers such as Addams, Du Bois, and Park believed, that human beings 
faced an unprecedented environment fashioned almost entirely by human 
hands. Combined with an influx of immigrants from Europe and elsewhere 
and internal migrants from rural areas within the United States, this novel en-
vironment presented a unique opportunity to study and perhaps to improve 
the relationship between the structure and function of the social organism and 
its conditions of existence. Like naturalists in Paris at the end of the eighteenth 
century or physicians in the British Empire in the mid- nineteenth century, 
urban reformers and sociologists in the United States at the beginning of the 
twentieth century crafted an environmentalism suited to their aims and cir-
cumstances. In doing so, they sought to create new forms of solidarity among 
the diverse peoples living under urban industrial condition, and in a few cases 
actually succeeded. The next chapter explores another set of environmental-
ists who similarly grappled with the consequences of industrialization, but did 
so on the scale of entire nations and even the planet itself.
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The Biosphere as Battlefield:
Strategic Materials and Systems 

Theories in a World at War

Tungsten is a hard, dense metal with an extraordinarily high melting point— 
distinctive properties that by the beginning of the twentieth century had 
brought it into demand for the manufacture of high- speed machine tools, 
including those used to produce arms and ammunition. However, the very 
same properties also made it so technically challenging both to purify and 
to alloy with other metals that the international market for processed tung-
sten and tungsten alloys was dominated in the early decades of the twentieth 
century by a single industrially and scientifically advanced nation, Germany. 
The consequences of this dependence became apparent with the outbreak 
of World War I in the summer of 1914, when Germany’s enemies suddenly 
found themselves cut off from a critical strategic resource.1 While the United 
Kingdom and the United States were able to expand their own production of 
refined tungsten, other nations lacked the necessary expertise and industrial 
facilities to do so. Russia, for example, despite having abundant deposits of 
tungsten ore within its borders, entirely lacked the capacity to refine the metal, 
forcing its manufacturers to seek out foreign sources. By the end of the war, 
they were importing about 3,500 tons of ferrotungsten alloy from Britain an-
nually.2 With prices rising to stratospheric heights even as global production 
doubled to meet the demands of the war, this was a strategy that proved both 
expensive and unreliable.3

Tungsten was only one of many materials that became scarce or expensive 
in Russia as a result of the war, with resulting disruptions to its economy and 
to its ability to defend itself against its enemies. In 1915, the Russian Acad-
emy of Sciences responded to this crisis by establishing a Commission for the  
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Study of the Natural Productive Forces of Russia, which aimed to identify do-
mestic sources of strategic materials and to develop the methods and expertise 
to exploit them.4 Usually known by its Russian acronym KEPS, the commis-
sion was the brainchild of the mineralogist Vladimir Ivanovich Vernadskii, 
who saw his country’s inability to exploit its own resources as a symptom of 
a deeper malady that would continue to afflict it even after the war and that 
could be cured only through the development of Russian science.5 As he wrote 
in 1915, “One of the consequences— and also one of the causes— of Russia’s 
economic dependence on Germany is the extraordinary insufficiency of our 
knowledge about the natural productive forces with which Nature and History 
has granted Russia.”6 KEPS sought to make up for that insufficiency through 
research, including numerous expeditions in search of deposits of tungsten, 
tin, aluminum, and other minerals essential to the war effort.7

While Russia was more dependent on foreign imports than many of the 
other nations involved in World War I— a dependency that was particularly 

F i g u r e  8 .  A chart showing the increase in the world’s production of refined tungsten con-
centrates during World War I (1914– 1919). (Reprinted from figure 4 in Josiah Edward Spurr, 
“Steel- Making Minerals,” Foreign Affairs 4, no. 4 [1926]: 601– 12, on 610, with permission from 
the Council on Foreign Affairs, conveyed through Copyright Clearance Center.)
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striking in light of its vast territory and abundant natural resources— it was 
not alone in facing critical shortages of what were then coming to be known as 
“strategic materials.”8 In many other nations, politicians, industrialists, mili-
tary leaders, scientists, and engineers helped create expert commissions like 
KEPS in the hope of reducing their own dependence on foreign imports.9 
Diverse in scope and institutional form, these commissions had a common 
concern with the material basis of national survival under the conditions of 
global warfare. For the scientists who participated in them, they provided an 
unprecedented opportunity to survey the resources of their nations and of 
the globe as a whole in relation to industrial needs, as well as to develop new 
ways of organizing manufacturing and trade. Such wartime work was a trans-
formative experience for many of these scientists, setting their research on a 
new trajectory over the course of the following decades.

Few of the scientists involved spoke of their nations’ economies and the re-
sources on which they depended in terms of “organisms” or “environments.” 
Nonetheless, the data they gathered and the models they developed during 
World War I provided a foundation for new ways of understanding the concept 
of environment in the postwar years. In particular, scientists involved with or 
influenced by these wartime commissions increasingly adopted mathematical 
and quantitative techniques for modeling “systems”— that is, collections of 
living and nonliving components bound together through flows of energy and 
materials. Like organisms, they argued, systems were organized assemblages of 
diverse parts that could only be understood in relation to the conditions that 
surrounded them. The value of Russia’s tungsten ore deposits, for example, 
could not be assessed in isolation; it depended both on the nation’s industrial 
capacity to extract and purify them and on the price and availability of tung-
sten on the international market. More broadly, rather than seeing resources in 
terms of absolute quantities, fixed uses, and intrinsic values, scientists came to 
see them as sources of matter or energy whose value, significance, and abun-
dance were determined by the demands and capacities of industrial systems 
and by the vagaries of geopolitics and international trade.

Wartime efforts to inventory such industrially important resources and to 
maximize the efficiency and productivity of national economies also shaped 
the ways scientists understood the environments of living beings. In the de-
cades following World War I, ecologists, demographers, and geochemists ap-
plied techniques and concepts developed to manage strategic materials during 
the war to the study of exchanges of matter and energy between organisms and 
their environments. In the 1920s, for example, Vernadskii and his students 
developed new methods for measuring biogeochemical processes on local, 
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regional, and global scales. These processes, Vernadskii argued, collectively 
constituted Earth’s “biosphere,” whose structure and function depended 
upon its relation to the planet’s “cosmic milieu.” In the following years, a 
number of other scientists, including the US ecologist G. Evelyn Hutchinson 
and his students, extended these ideas and methods to study flows of energy 
and matter that linked living beings and nonliving matter into what were then 
beginning to be called “ecosystems.” After World War II, ecologists working 
in the shadow of the atomic bomb adopted similar concepts and methods to 
reveal how human activities were transforming the planet. In these ways, the 
ecological and conceptual legacy of two global wars stretched into the second 
half of the twentieth century, reshaping how scientists understood the relation-
ship between life and its surroundings.

M o b i l i z i n g

In the half- century before World War I, the world’s economies had been linked 
together through an expanding global infrastructure of transportation, com-
munications, and finance, which made it possible for manufacturers in one 
country to take for granted the regular delivery of essential materials and prod-
ucts from other countries. This thickening web of trade was ripped apart by 
the outbreak of World War I, which erected new barriers ranging from legal 
embargoes to naval blockades. At the same time, the conduct of the war was 
heightening demand for a wide range of industrially produced goods, from 
food to bullets. Particularly on the western front, where the war was fought 
and won largely through attrition rather than through tactical or strategic 
brilliance, the main challenge for the combatant nations was producing and 
delivering men and materiel to the front lines at rates sufficient to make up for 
unavoidable losses.10 As became apparent soon after the war began, the nation 
most likely to emerge victorious under these conditions was not the one with 
the most advanced weaponry or the most skilled generals, but the one capable 
of maintaining and increasing the production of industrial goods despite war-
time disruptions and demands.

Perhaps the most basic of these industrial goods was food, the production 
and distribution of which became a central concern of all the combatant na-
tions. Over the course of the war, each nation faced the challenge of delivering 
food to thousands or even millions of soldiers while continuing to provide for 
civilians at home. The challenge was heightened by the fact that soldiers on 
active duty on the front lines generally consumed more food than they had as 
civilians, even as the ability to produce that food was being compromised by 
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the conscription of large numbers of farmers, the transformation of productive 
farmland into battlefields, and the disruption of the usual systems of food dis-
tribution. Making matters worse, droughts, floods, and other extreme weather 
events in 1916 and 1917 led to lower- than- usual harvests in many parts of the 
world.11 Even in the United States— a late entrant to a war fought on other 
nations’ territories— a food crisis emerged as it became clear that its European 
allies “must have more food than we can raise, and we must send them more 
than we can readily spare,” in the words of a government pamphlet published 
in 1917.12 Accordingly, the US federal government implemented new measures 
to expand the amount of land being farmed, encourage the adoption of mech-
anized farming equipment, increase the use of chemical fertilizers, facilitate 
food conservation, and promote community and home gardening.13 By 1919, 
these measures had resulted in, among other things, an estimated 240 million 
acres of cereal grains being planted— an increase of 33 million acres over the 
prewar period that yielded 625 million additional bushels of grain.14 Even so, 
food shortages continued to afflict combatant nations.

In agriculture as in other domains, the war did more than disrupt trade. 
Through the intentional and unintentional destruction of farms, forests, 
mines, and factories, it also directly obstructed the extraction and processing 
of resources. In some cases, apparent declines in production were illusory, 
reflecting merely the fact that one nation’s forces had occupied sites of ex-
traction, processing, and manufacturing belonging to an enemy and redirected 
their products to their own war needs. In other cases, however, actual rates 
of extraction or production slowed or stopped entirely, whether because the 
necessary labor could not be mustered, ongoing combat made operations im-
possible, or occupying forces had stripped mines and factories of valuable 
equipment or destroyed them before they could be reclaimed by the enemy. 
In northeastern France, for example, the production of coal, steel, lead ore, 
and iron ore dropped dramatically during the war, even allowing for the ap-
propriation of French mines and factories by German forces. As early as late 
1914, the Germans had begun removing steam engines, electric dynamos, rail-
cars, locomotives, stamping presses, and other mining equipment from the 
border departments of Nord and Pas- de- Calais.15 Later, as the end of the war 
approached and defeat seemed inevitable, they also began destroying mines, 
factories, and infrastructure to prevent them from falling into the hands of 
the Allies. One observer estimated that a total of 124 coal mines, 500 miles of 
mine tracks, and more than 16,000 miners’ houses had been destroyed in the 
Nord and Pas- de- Calais coal fields alone.16 Meanwhile, trench warfare was 
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transforming vast swaths of northeastern France into wasteland, with entire 
forests “blown into splinters by shellfire.”17

Even when the extraction and processing of natural resources was not di-
rectly disrupted by combat, trade embargoes and naval blockades could lead 
to critical shortages, as was the case with timber in the United Kingdom. Like 
food, wood was quickly recognized to be one of the war’s most important 
strategic materials. At home it was essential for propping up the tunnels of 
coal mines, making crates for munitions, and innumerable other civilian and 
military purposes, while on the front it was used to build barracks, trenches, 
fencing, railroad tracks, and telegraph poles.18 In principle the United King-
dom had access to sufficient timber for wartime needs throughout its vast 
empire and through trade with Russia, Sweden, Norway, the United States, 
and Canada, all of which had abundant forests and productive timber indus-
tries located at safe distances from the war’s main battlefields. In practice, 
however, Britain faced a severe timber shortage in 1916 as a result of German 
submarine warfare, limited shipping capacity, and rising demand. In response,  
it began harvesting its domestic forests at an unprecedented rate.19 As early as 
1916, the British forester Edward Percy Stebbing noted that the country had 
already begun “sacrificing considerable areas of young woods and felling old 
ones of any value, since we must supply the urgent needs of the country.”20 
By April 1917, about 100,000 acres in the British Isles had been clear- cut, and 
the rate of cutting continued to accelerate over the remainder of the war.21 
According to one estimate, about 450,000 acres, or half of the country’s pro-
ductive forested land, had been laid bare by the time peace was declared in 
November 1918.22

When foreign sources of a particular strategic material were unavailable 
and there were no domestic sources waiting in reserve to be exploited, na-
tions with the necessary industrial capacity and expertise sometimes turned 
to natural or synthetic substitutes. In Germany, for example, scientists and in-
dustrialists had been warning of the risks of dependence on imported nitrates 
even before the outbreak of World War I, but the war provided the motivation 
and resources to develop a domestic substitute on an industrial scale. After the 
country lost access to Chilean nitrates that it used to manufacture both fertil-
izers and explosives, it began building factories to “fix” atmospheric nitrogen 
using a process developed by the chemists Fritz Haber and Carl Bosch.23 In 
1915, a pilot plant near Ludwigshafen began producing nitrates for the man-
ufacture of explosives; by the spring of 1917, a second plant capable of fixing 
130,000 tons of nitrogen per year was operating near Halle.24 By the end of 
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the war, the amount of nitrogen fixed using the Haber– Bosch process was 
equal to the total amount used in Germany before the war.25 Fixing nitrogen 
required an enormous amount of energy, but with some of Europe’s richest 
coal mines lying within Germany’s borders, that was a resource not in short 
supply.26

Once the war was over, some of these new forms of resource extraction 
and domestic production expanded even further. The amount of nitrogen 
fixed using the Haber– Bosch process, for example, climbed in the decades 
after the war, transforming not only the international trade in nitrates but also 
the practice of agriculture and the operation of the global nitrogen cycle.27 In 
other cases, wartime booms proved ephemeral. Many of the US farmers who 
had expanded onto marginal lands and taken out loans to invest in farming 
machinery went bankrupt in the early 1920s when the high prices and easy 
credit they had enjoyed during the war years evaporated.28 In the United King-
dom, meanwhile, the restoration of the international timber trade provided a 
respite for domestic forests. In any case, whether wartime initiatives faltered  
or flourished with the return of peace, they had lasting effects. British foresters, 
for example, launched an aggressive domestic program of afforestation to 
supply the nation’s future needs while also seeking to expand and rationalize 
the exploitation of timber resources throughout the empire.29

By approaching World War I in terms of its effects on the production and 
circulation of strategic resources rather than in terms of military strategy or 
the soldier’s experience of warfare— that is, by focusing on what the director 
of the US Geological Survey described at the war’s end as the “strategy of 
minerals”— we can see how the war reshaped the world that scientists sought 
to describe, provided new opportunities and motivations for them to study 
that world, and focused their attention on certain of its aspects rather than 
others.30 In particular, the enormous demands of the war for raw materials 
and finished goods, coupled with its disruptions to systems of production and 
trade, called scientists’ attention to the need for techniques to quantitatively 
assess the amount of resources available and to track their movements and 
transformations from one part of the economic system to another. We can see, 
in other words, how the aim of sustaining economies that were globalized, 
industrialized, and at war with each other drove scientists to embrace a very 
specific set of tools for understanding the relationship between a nation’s 
economic and military survival and the external conditions it faced— tools 
that would, in the postwar period, be applied to a much broader range of 
questions.
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T a k i n g  S t o c k

The establishment of wartime resource commissions such as KEPS was driven 
by the conviction that industrial production under the conditions of modern 
warfare required centralized government coordination and, moreover, that 
such coordination, dependent as it was on a detailed understanding of com-
plex scientific and technical processes, could not succeed without the advice 
of experts. In practice, these commissions were often underfunded and largely 
ignored by politicians and industrialists. They nonetheless proved transforma-
tive for the scientists who participated in them. Motivated by their new roles as  
wartime advisors to governments, these scientists pursued new kinds of re-
search and developed new kinds of models to understand “resources” as di-
verse as mineral deposits, arable farmland, and human populations. Under the 
urgent conditions of war, scientists, engineers, and economists not only sought 
to measure various resources and to map their distributions across Earth’s sur-
face, but also to determine their accessibility and value in relation to changing 
levels of supply and demand, the availability of substitutes, new methods of 
extraction and processing, and economic and geopolitical constraints.31 After 
the war’s end, they continued to develop techniques and theories they had em-
braced during the war and to expand their scope of application. Central to this 
war- inspired research was an approach to evaluating resources that assumed 
the value and uses of any given resource could be assessed only in relation to the  
total “system” of which it was a part, as well to as the environment in which 
that system operated.

Concerns about resources and their availability predated World War I; after 
all, resource shortages could and did arise for many reasons besides war, and 
the process of industrialization and the expansion of international trade over 
the course of the previous century had forced scientists, engineers, and experts 
in political economy to grapple with the possibility and consequences of such 
shortages. As early as the 1860s, the English political economist William Stan-
ley Jevons had called attention to the intricate webs of international trade that 
kept the British industrial economy humming, as well as its profound depen-
dence on one particular resource, coal.32 Nonetheless, the war intensified and 
expanded such concerns, in many cases transforming speculative possibilities 
into harsh realities. In the case of nitrogen, for example, growing concern over 
Germany’s dependence on imports during the decade or so preceding the war 
had led scientists to develop experimental techniques for producing ammonia 
and nitrate from atmospheric nitrogen. It was only after the outbreak of war, 
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however, that German politicians agreed to invest the enormous resources 
needed to make it a practical alternative to Chilean sources.

The shift in the assessment of resources toward an increasingly systems- 
oriented view can be seen in the work of KEPS, which sought to determine 
whether or not Russia possessed deposits of industrially important minerals 
as well as what forms of expertise and industrial capacity would be needed to 
make those deposits useful. In the case of aluminum, for example, Russia did 
not face quite the same crisis as it did in regard to tungsten, since the interna-
tional market for the former was dominated by two of its allies, France and the 
United States. Nonetheless, aluminum prices rose dramatically as a result of 
the war, more than tripling by 1916.33 Recognizing the threat that Russia’s de-
pendence on imported aluminum posed to its industrial capacity and military 
strength, KEPS made the search for exploitable deposits of aluminum- bearing 
ore one of its early areas of emphasis. In the spring of 1915, Vernadskii and 
Alexander Fersman, a former student of Vernadskii’s who served as secretary 
of KEPS, wrote to the Ministry of Trade and Industry to propose establishing 
a new aluminum industry on the basis of recently discovered Russian bauxite 
deposits.34 Although the proposal stagnated during the war, it sparked an in-
terest in domestic sources of aluminum that eventually led Fersman to identify 
deposits in Russia’s far northwest in the 1920s that became the basis of an 
important industry.35 More broadly, the pressures of war helped convinced  
not only the czarist government that fell in 1917 but also the Bolshevik govern-
ment that succeeded it that the advice of scientists was essential to economic 
and military survival.36

Wartime shortages led even officially neutral nations such as Norway to 
scour their landscapes for materials that, with the help of new industrial pro-
cesses, would allow critical industries to continue. Resources that might have 
seemed insufficiently valuable to exploit under ordinary conditions— such as 
difficult- to- access mineral deposits, low- quality stands of timber, and mar-
ginally productive cropland— became the targets of intensive investigation. In 
Norway these efforts were led by the mineralogist Victor Moritz Goldschmidt, 
who was appointed chairman of the State Raw Materials Commission and 
director of the Raw Materials Laboratory in 1917. As Goldschmidt wrote in 
a survey of Norwegian and foreign research in 1918, the outbreak of war had 
made the importance of “industrial independence” obvious. Such indepen-
dence, he argued, could be established only through research on as- yet un-
utilized minerals as well as the new refining and manufacturing processes that 
would allow them to substitute for foreign imports.37 The aim of the Raw 
Materials Commission and Laboratory was thus to identify domestic sources 
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of aluminum, phosphorus, potassium, titanium, and other elements essential 
to Norwegian manufacturing and agriculture.38 Such work continued into 
the postwar years, when Goldschmidt identified olivine— a magnesium- rich 
mineral found in abundance on Norway’s western coast— as a useful refrac-
tory material for foundries. Eventually, the work of the Raw Materials Labora-
tory helped Norway establish a world- leading olivine industry on the basis of 
this once- neglected mineral.39

Simply identifying and characterizing such resources was not enough to 
prove their value, as Goldschmidt had discovered in his initial, failed attempt 
to establish olivine as an economically viable domestic source of magnesium.40 
It was also important to assess them in relation to other potential resources 
and the broader economic system. For this purpose, scientists relied increas-
ingly on quantitative measures of efficiency and productivity. In the United 
Kingdom, for example, domestic forests had long been assessed and managed 
to achieve a mix of aesthetic, recreational, and economic goals, including the 
maintenance of aristocratic hunting grounds, the production of pleasing land-
scapes, the protection of watersheds, and the harvesting of wood and other 
forest products for household or community needs. The decision to make up 
for disruptions to the international timber trade by harvesting domestic forests 
tipped the balance decisively toward quantitative measures of timber yield.41 
With roots stretching back to eighteenth- century Germany, the quantitative 
assessment of timber resources for the purposes of maximizing yield over the 
long term was not, in itself, novel.42 What was novel was the deployment of 
such techniques to manage resources in relation to industrial needs on a na-
tional or even global scale. The role of the war in this shift was often made 
quite explicit. In 1916, Stebbing, the British forester, argued that the war had 
made it “a duty— a national duty— to see that every acre of land in this country 
is made to bring in the best return possible in the interests of the community 
as a whole.”43

Partly because they were such powerful tools of abstraction, the reach of 
quantitative methods for assessing the value of resources in relation to avail-
able technologies and markets proved to be virtually unlimited. Even human 
populations could be treated as raw materials whose value depended on their 
relation to the needs and capacities of a given industrial system. Because the 
value of a human worker in such a system depended on specific skills and 
characteristics, simply counting the number of men or women of working age 
in a given population was not enough. Instead, experts devised increasingly 
refined techniques for characterizing the capacities of individuals and seg-
ments of the population and for determining the most effective strategies for 
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what began to be described during the war as the “mobilization of human 
resources.”44 Rather than establishing a universal standard of quality, experts 
sought to determine precisely which members of the population were best 
suited to each of the specialized tasks demanded by industrial production 
and industrialized warfare, which were constantly changing as new technol-
ogies and tactics were devised. In the United States, for example, the army 
administered intelligence tests to more than 1.75 million recruits during the 
war to determine their fitness for particular ranks and duties, and it continued 
to assess them after recruitment through the Committee on Classification of 
Personnel.45 Once soldiers had returned from the front, they continued to be 
treated as “human resources” that could be depleted through neglect or con-
served through vocational training and rehabilitation programs.46

In the years following World War I, the apparent success of the centralized 
coordination of industrial production under the guidance of scientific and 
technical experts inspired technocratic movements on both the left and the 
right. To adherents of these movements, the complexity of modern societies 
and their dependence on international flows of materials and industrial goods 
meant that national survival depended on granting power directly to engineers, 
scientists, and other experts— or, if that proved politically impossible, on inte-
grating scientific and technical expertise into the inner workings of the state. 
The form taken by these technocratic movements varied widely, however, in 
relation to each nation’s domestic political systems. In the Soviet Union, the 
Communist government promoted technological megaprojects as a means to 
the rational exploitation of nature in the service of the proletariat (a project 
into which KEPS was integrated over the course of the 1920s).47 In Weimar 
Germany and in the early years of the Nazi regime, meanwhile, revolutionary 
conservatives argued that the nation’s defeat had resulted from its failure to 
mount a “total mobilization” of its industrial and human resources, which 
they intended to avoid repeating in any “total war” to come.48 Technocratic 
planning of the use of resources also featured prominently in interwar visions 
of world government, in the developmental policies of European colonial ad-
ministrations in Africa, and in the rise of the regional planning movement in 
the United States.49

By examining the development of a new science of resources during World 
War I and its uptake by various postwar technocratic movements, we can see 
how a set of beliefs forged in the crucible of war— particularly the belief that 
the flow of energy and materials was essential to national survival and that 
only experts could be trusted to measure and manage it properly— became 
pervasive in peacetime as well, giving the war a legacy that stretched far be-
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yond the years of active combat. While many of the experts involved in war-
time resource commissions lamented the paltry level of funding they received 
and the failure of their governments to follow their advice, the very fact that 
scientific expertise had been institutionalized in this way represented a major 
shift with repercussions for decades to come. KEPS, for example, failed to 
make a difference in the outcome of Russia’s involvement in the war, but it 
laid the foundations for integrating scientific advice on industrial matters into 
the functioning of the Russian state, even as the nation’s political structures 
were turned upside down. For individual scientists, regardless of whether they 
accomplished much of scientific value during the war itself, the experience 
of participating in such efforts also had significant and long- lasting conse-
quences: it concentrated their attention on new problems, introduced them to 
new techniques, and sparked interdisciplinary conversations that continued 
and intensified in the following years.

T r a c k i n g  F l o w s

In the years following World War I, scientists who had been involved in war-
time efforts to identify and exploit strategic materials turned their attention 
to the processes that determined when and where such resources were “pro-
duced” and “consumed” by nature itself. In order to do so, they developed 
new techniques for tracking specific elements as they traveled through Earth’s 
crust, oceans, and atmosphere and for mathematically modeling the chemical 
and biological processes they participated in, including the reproduction and 
metabolism of living beings. These techniques built on the interdisciplinary 
work of expert commissions established during the war to assess stocks of stra-
tegic materials, while also extending those techniques to account for change 
over time and to include materials and processes that, even if not directly rele-
vant to industrial production, could nonetheless be analyzed in similar ways. 
As the enmities of the war faded, relationships among like- minded scientists 
from different nations were reestablished, with the result that innovations in 
the United States, Norway, Italy, and the Soviet Union were quickly adopted 
by scientists in other countries. By the 1930s, scientists in all these countries, 
working in disciplines as disparate as geochemistry, ecology, and demogra-
phy, were developing sophisticated quantitative models of flows of energy and 
materials between living beings and their surroundings.

The trajectory of Vernadskii’s research during and after the war offers a 
clear example of how scientists intimately involved with wartime research on 
strategic materials such as tungsten, aluminum, and tin could adapt the tech-
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niques they had developed during the war to the study of nature as a whole, 
including living beings. After Russia withdrew from World War I in 1917 and a 
civil war broke out that eventually led to the establishment of the Soviet Union, 
Vernadskii fled to Ukraine, where he shifted his focus from inventorying Rus-
sia’s strategic materials to understanding the circulation of matter and energy 
throughout the globe, expanding a longstanding interest in the chemical and 
biological processes in soils to the planetary scale.50 He focused much of his 
attention on measuring and comparing the elemental composition of various 
species— a project that he hoped would generate insights into both biology 
and geology.51 This new line of research was interrupted by the chaotic condi-
tions prevailing at the end of World War I and its immediate aftermath, which  
first pushed Vernadskii from Ukraine to Crimea, then briefly back to Saint 
Petersburg, and subsequently to Paris.52 Only in 1926 did he finally return 
permanently to Russia. For the next decade and a half, he focused his efforts 
on studying the cycling of materials in the biosphere at the Biogeochemical 
Laboratory that he ran with the assistance of his former student Alexander 
Pavlovich Vinogradov.53

A similar turn from strategic materials to nature as a whole can be seen in 
Goldschmidt’s work in Norway. After the war, he broadened the focus of the 
Raw Materials Laboratory from strategic materials to the task of determin-
ing “the general laws and principles which underlie the frequency and distri-
bution of the various elements in nature,” which he described as “the basic 
problem of geochemistry.”54 Doing so required linking the properties of atoms 
to the history of the planet. For this purpose, the newly available technique 
of x- ray spectroscopy was critical, giving Goldschmidt a means of precisely 
characterizing the elemental composition of minerals, including trace elements 
that would have been difficult if not impossible to detect using conventional 
chemical methods.55 With this data in hand, Goldschmidt was able to recon-
struct what he called the “metabolism of the Earth”— that is, the chemical 
and geological transformations that had produced the observable distribution 
of minerals, including the dynamic cycling of nitrogen and other elements 
between land, atmosphere, and oceans.56 By the early 1930s, encouraged by a 
long- running correspondence with Vernadskii, he had expanded his work to 
include the role of living beings in reshaping the geochemistry of the planet.57

Even those who were not directly involved in wartime resource commis-
sions sometimes shifted the focus of their research in response to the war’s 
resource crises and the concerns about national survival they evoked. It was 
Germany’s mobilization of its resources for war, for example, that first in-
spired the German Estonian biologist Jakob von Uexküll to expand his the-
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ory of the Umwelt— the “surrounding world” of perception and action of an 
individual organism— to entire nation- states. A German patriot, Uexküll spent 
the war years rallying the residents of the area surrounding his wife’s estate in 
Pomerania to the war effort, while also publishing essays on the mobilization 
of the nation’s resources.58 Uexküll’s prewar work on the Umwelt had focused 
entirely on individual organisms and their distinctive perceptual worlds, but 
his wartime essays expanded the theory to address the relationships between 
peoples (Völker), states, and the resources they required to survive.59 In par-
ticular, he argued that each Volk was a natural, organic whole for which the 
state served as an artificial means of organizing and mobilizing the flows of 
resources it required.60 In the years following the war, Uexküll’s view of Volk 
and state as organized entities surrounded by an environment of resources 
increasingly shaped both his conservative politics and his scientific research.61

The growing interest in exchanges of matter and energy between living 
beings and their surroundings also spurred new research on rates of metab-
olism and growth in individuals and populations. In the 1920s, for example, 
Vernadskii began to emphasize the importance of what he called the “velocity” 
or “speed” of life in biogeochemical processes— that is, the rate at which living 
organisms incorporated elements from their surroundings into their bodies or 
transformed them before excreting them as waste.62 While Vernadskii’s work 
was mostly theoretical, other researchers working around the same time— 
all directly or indirectly influenced by the war’s resource crises— developed 
quantitative techniques for empirically estimating life’s velocity. In Italy, for 
example, the mathematician Vito Volterra developed a model of predator- prey 
relationships that was inspired by observations of the effect of wartime disrup-
tions to fishing on the relative numbers of various species in the Mediterra-
nean.63 A similar model was proposed in the United States by Alfred Lotka, 
who drew on mathematics, physics, and chemistry to develop an approach to 
the study of life that he called “physical biology.”64 Like Volterra, Lotka had an 
indirect connection to the war: in the early 1920s, he worked in the laboratory 
of the demographer Raymond Pearl at Johns Hopkins University, who had be-
come interested in modeling population growth as a result of his wartime work 
with the US Food Administration.65 Back in the Soviet Union, the biologist 
Georgy Gause wove these strands of research together to develop laboratory 
models of competing populations— a project that he justified in Vernadskiian 
terms as “one of the ways of extending our knowledge of the distribution of 
the organic matter in the biosphere.”66

Scientists also used the techniques for measuring stocks and tracking flows 
that they had developed during and after World War I to study how living 
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and nonliving entities became bound together into organized systems through 
flows of matter and energy. The Russian zoologist Vladimir Vladimirovich 
Stanchinskii, for example, was inspired by Vernadskii’s work to develop new 
instruments and methods for measuring flows of materials and energy through 
ecological communities.67 Beginning in 1927, Stanchinskii carried out most of 
his research in Askania- Nova, a nature reserve on the Ukrainian steppe. His 
aim was to track the fate of energy captured directly from the sun by plants as it 
dissipated back into the environment or was appropriated by insects and other 
organisms within a given ecological community. To do so, Stanchinskii and 
his students developed a variety of new quantitative techniques and instru-
ments, including deceptively simple traps that made it possible to determine 
the number, type, and weight of insects and other small animals within a given 
area.68 The data thus collected served as the basis of mathematical models that 
explained why energy flowed through the system at certain rates, and why 
the organization of a particular ecological community— its variety of species, 
their relative abundance, and their relationships to one another— persisted in 
recognizable patterns over time.69

The idea of studying life by measuring the flows of energy and materials 
that linked living beings to their surroundings was also pursued in the United 
States by the Yale University ecologist G. Evelyn Hutchinson and his stu-
dents. Trained in limnology (the study of lakes) and influenced by his father’s 
work in mineralogy, Hutchinson learned about Vernadskii’s work from several 
expatriate Russians at Yale, including Vernadskii’s son, the historian George 
Vernadsky.70 In the 1930s, Hutchinson launched a series of biogeochemical 
studies of what he called “the chemical factors of the environment that operate 
on living organisms,” which included variations in the presence of elements 
across plant species, as well as the circulation of chemicals between organisms 
and their surroundings.71 He also introduced a series of students and collabo-
rators to the biogeochemical techniques and theories of Vernadskii and Gold-
schmidt. In the late 1930s and early ’40s, for example, he encouraged Raymond 
Lindeman to use biogeochemical methods to study the transfer of energy and 
materials between living organisms and the nonliving components of their 
surroundings at Lindeman’s research site, a senescent lake in Minnesota. In an 
influential paper published in 1942, Lindeman showed how precise measure-
ments of changes in the lake’s biomass and species composition could be used 
to reveal the flows of materials and energy between “producers” that captured 
energy from the sun and “consumers” that obtained energy from producers 
or other consumers, as well as between both producers and consumers and 
their surroundings.72 Taken together, Lindeman argued, these relationships 
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constituted a single unit, the “ecosystem,” whose functioning was the proper 
subject of ecology.73

By following the legacies of the resource crises of World War I into the 
interwar period and beyond, we can see how economic, military, and political 
concerns continued to affect the practice of science even after the conditions 
that gave rise to institutions such as KEPS in Russia or the Raw Materials 
Laboratory in Norway had passed. Vernadskii and Goldschmidt, for example, 
remained interested in identifying exploitable mineral deposits within their 
respective countries even as their focus broadened in the postwar years to en-
compass highly general models of  biogeochemical processes and of the evo-
lution of Earth and its life- forms. More fundamentally, they continued to use 
the same quantitative techniques for tracking and quantifying biogeochemical 
flows of energy and materials. Even Hutchinson and his students, who had 
not been involved in the wartime resource commissions and whose work did 
not have similarly obvious links to industrial concerns, claimed that their new  

F i g u r e  9 .  A schematic representation of the role of trees in concentrating chemical elements 
in the upper layers of the soil, as depicted by Victor Moritz Goldschmidt in 1937. (Reprinted 
from figure 3 in V. M. Goldschmidt, “The Principles of Distribution of Chemical Elements in 
Minerals and Rocks,” Journal of the Chemical Society [1937]: 655– 73, on 670, with permission 
from the Royal Society of Chemistry, conveyed through Copyright Clearance Center.)
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science of ecosystems would make it possible to manage the planet’s living 
resources more effectively, including minimizing the adverse effects of nuclear 
technologies developed during and after World War II on agriculture, forestry, 
fisheries, and human health. In these ways, we can see how the particular form 
of the concept of environment that was pursued through biogeochemistry and 
ecosystem ecology from the 1920s to the 1950s continued to bear the mark of 
its wartime origins.

S y s t e m s  i n  E n v i r o n m e n t s

Scientists involved in addressing the resource shortages of World War I rarely 
described the phenomena they were studying in terms of “environments,” 
even though both the concept and the word itself were by then well estab-
lished. Nonetheless, the data that had been collected and the techniques that 
had been developed to study industrial economies and strategic materials 
helped transform scientists’ understanding of the environment following the 
war. In particular, by making it clear that a nation’s ability to produce goods 
essential to its survival depended on flows of matter and energy under partic-
ular social and economic conditions, these data and techniques served as the 
foundation for a new way of understanding how living beings related to their 
surroundings. Scientists working in a range of disciplines began to argue that  
living beings were best understood as components of “systems,” which were 
characterized by enduring patterns of relationships among diverse parts, each 
of which contributed to the survival of the whole under a particular set of ex-
ternal conditions. Unlike a “community,” they argued, a system could not be 
understood by focusing solely on the relationships among the diverse living 
beings within it, as the majority of ecologists had hitherto sought to do. Rather, 
it required scientists to broaden their view to include both living beings and 
their nonliving surroundings, as well as the self- reinforcing circuits of mat-
ter and energy that bound them together. These ecological systems, or “eco-
systems,” became the focus of a new approach to ecology that was developed 
between the 1920s and ’50s.74

The postwar interest in systems reflected a major shift in the theoretical 
framework of ecology, which had emerged in the late nineteenth and early 
twentieth century as a field focused explicitly on the relationship between 
organisms (or communities of organisms) and their environments.75 At the 
foundation of this field was the recognition that there were stable relationships 
of interdependence among organisms that lived under given sets of external  
conditions, and that these relationships were both complex enough and regu-
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lar enough to serve as the object of a scientific discipline. In 1877, for example, 
in the context of a study of oyster farming on Germany’s Baltic coast, the biolo-
gist Karl Möbius described the various species necessary for oysters to thrive 
as a “living community” (or “biocoenosis”).76 The living community, he ar-
gued, consisted of an enduring, organized relationship among species existing 
under certain “external living relations” and “conditioning factors” in a given 
place.77 By the beginning of the twentieth century, the living community as  
Möbius defined it had become the central object of research in the emerging 
discipline of ecology.78 In the United States, for example, the plant ecologist 
Frederic Clements developed a theory of ecological succession that explained 
changes in plant communities in terms of shifting relationships among species 
in response to climate and other physical conditions. Central to Clements’s 
theory was the notion that each living community could be considered as a 
unified whole— perhaps, he wrote, even itself a “complex organism, which 
possesses functions and structures, and passes through a cycle of development 
similar to that of the plant.”79

Ecologists who embraced the concept of “system” were as interested as 
community ecologists had been in explaining the persistence of particular 
assemblages of plants and animals, but their characterization of those assem-
blages in terms of flows of energy and materials challenged Clements’s con-
viction that the “living community” as a “complex organism” should be the 
focus of ecological research. Vernadskii, for example, questioned the primacy 
of both organisms and communities in ecological theory, instead arguing that 
“living matter” was the more fundamental unit of analysis.80 As he defined 
it, “living matter” did not consist of special organic particles that gave living 
beings their unique properties (as Buffon had theorized in the mid- eighteenth 
century) but of ordinary matter that had been incorporated into the bodies 
of living beings, where its chemical transformations were catalyzed in ways 
unique to life (a view that Vernadskii based partly on Cuvier’s image of life 
as a whirlpool or vortex of particles).81 Stanchinskii, Hutchinson, and others 
were directly inspired by this view of life on Earth. Rather than carrying out 
studies of the mutual interdependence of living beings in a particular place, 
they concluded, they ought to be conducting quantitative, biogeochemical 
studies of flows of matter and energy between living beings and their nonliving 
surroundings.

Because such flows had the potential to extend far beyond any local assem-
blage of plants, animals, and other organisms, the biogeochemical approach to 
ecology also raised questions about the proper scale of ecological analysis. For 
Vernadskii, the most important scale was undoubtedly the planet as a whole. If 
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all living beings taken together could be considered in terms of “living matter,” 
he argued, then even such basic organismic functions as nutrition and respi-
ration needed to be seen “not solely as phenomena of the organism, but also 
as phenomena of the terrestrial globe.”82 It was through this idea of planetary- 
scale metabolism that Vernadskii arrived at the idea of the “biosphere,” which 
framed his research from the early 1920s onward. Borrowing the term from 
the Swiss geologist Eduard Suess, who had used it to denote the thin layer of 
living beings at the surface of Earth, Vernadskii redefined the term to mean 
the entire expanse of Earth that had been reshaped by the activity of living 
matter, considered as a single, highly complex chemically reactive mass.83 This 
dynamic set of exchanges of energy and matter was neither arbitrary nor ran-
dom, Vernadskii argued, but rather constituted a dynamic global system that 
was functionally organized in relation to the “cosmic milieu” that surrounded 
it, particularly the energy transmitted from the sun to Earth in the form of 
electromagnetic radiation.84

While Hutchinson and other ecologists in the United States took inspi-
ration from Vernadskii’s idea of the biosphere, the concept had only limited 
utility for those working on a smaller scale than that of the planet as a whole. 
However helpful it might be for understanding the history and future of the 
planet, it was difficult to apply to the ecology of a lake or to an assemblage 
of plants in a particular place. For work on these smaller scales, ecologists 
adopted another concept popularized by the British ecologist Arthur Tansley 
in 1935: the “ecosystem.”85 For Tansley, the ecosystem was an alternative to the 
concept of community as it had been defined by Clements and his supporters. 
That concept was a misleading one, Tansley believed, in that it implied a cer-
tain amount of similarity and solidarity among all its “members” that he did 
not believe applied to the diverse kinds of plants, animals, fungi, and bacteria 
and the often antagonistic relationships among them that made up ecological 
assemblages.86 The ecosystem concept, by contrast, made no assumptions 
about the character of the entities that constituted it. Moreover, while an eco-
system was a coherent entity organized in relation to external conditions— just 
like a community or an individual organism— it was not limited to living beings 
alone. Instead, systems consisted of relationships among both living beings 
and nonliving entities, such as bodies of water or sediment deposits. Even if 
“biomes” consisting solely of the living components of an ecosystem could be 
singled out for analysis, that analysis would succeed only to the extent that it 
accounted for the system as a whole. As Tansley argued, “Various ‘biomes,’ 
the whole webs of life adjusted to particular complexes of environmental fac-
tors, are real ‘wholes,’ often highly integrated wholes”— but rather than being 
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complete unto themselves, those wholes were “the living nuclei of systems in 
the sense of the physicist.”87

Tansley himself did little to further develop the ecosystem concept, but 
it proved well suited to the kind of biogeochemical studies that Hutchinson, 
Lindeman, and others were beginning to pursue in the 1930s and ’40s. In 
Lindeman’s 1942 paper, for example, the idea of the ecosystem as a set of ex-
changes of energy and matter between organisms and nonliving entities was 
central. The continuous cycling of nutrients between living and nonliving 
entities in the lake he studied made the conventional distinction between a 
living community and its nonliving environment that had been postulated by 
Clements and other ecologists seem “arbitrary and unnatural,” he wrote.”88 
Instead, it was best to approach living beings and nonliving entities as aspects 
of a single “ecosystem”— that is, a “system composed of physical- chemical- 
biological processes active within a space- time unit of any magnitude.”89 After 
Lindeman’s untimely death in 1942, Hutchinson and his students continued 
to argue for replacing the concept of community in ecology with the concept 
of system.90 In the late 1940s, in particular, they joined forces with an inter-
disciplinary group of scientists developing a new approach called “cybernet-
ics,” which sought to understand the emergence of goal- directed behavior 
through mechanisms of self- regulation and self- reproduction.91 At a cybernet-
ics conference on the theme of “circular causal systems” in 1946, Hutchinson 
presented a paper that laid out the case for considering “systems” to be the 
fundamental unit of ecology, applicable both to groups of organisms and to 
the environments that they faced.92 Since any system that was incapable of 
adapting to changes in its environment would be quickly replaced by a more 
stable system (or systems), Hutchinson argued, all the systems observable in 
nature were by necessity self- regulating and self- correcting. The purpose of 
ecology was to determine the mechanisms that made them so.93

If “system” was to replace “community” as the core concept of ecology, the 
definition of the word environment would necessarily have to shift along with 
it. It could no longer be defined as the physical conditions that shaped the life 
of an organism or living community, since both the system and its environment 
consisted of living and nonliving components. Rather, the environment was re-
conceptualized as the set of external conditions that influenced the functional 
organization of the system, whatever it might be. Both the muddy sediment at 
the bottom of a lake and the local atmospheric conditions that determined how 
quickly water evaporated from the lake’s surface were nonliving, for example, 
but the former was an integral part of the ecosystem while the latter was part 
of that system’s environment. Whether or not something could be considered 
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to be part of the system depended both on the character of its relationship 
with other components and on the spatial and temporal scales of analysis. As 
those scales shifted, so did the boundaries of the ecosystem. At the scale of 
the biosphere itself, Earth’s climate was part of the system, which in turn was 
surrounded by a cosmic milieu consisting of solar radiation, meteorite strikes, 
and the gravitational pull of the sun and the moon.

By focusing scientists’ attention on the quantitative measurement of flows of 
energy and matter among living and nonliving entities, the concept of “system” 
also offered new ways of thinking about the politics of ecology and resource 
management. In particular, it suggested that ecological “systems” could and 
should be reengineered by experts in ways that “communities” could not and 
should not be. Vernadskii, for example, saw the recognition of the biosphere 
as a functionally integrated planetary system as the first step in building a pro-
gressive, liberal future for humanity as a whole— one in which the very kinds of 
war that had given rise to the concept of the biosphere idea would be rendered 
obsolete.94 Over time, he suggested, humanity’s self- awareness had grown to 
the point that it was now converging into a single global planetary conscious-
ness, a noösphere. “The noösphere is a new geological phenomenon on our 
planet,” he wrote, in which humanity “becomes a large- scale geological force” 
for the first time.95 By refining billions of tons of pure aluminum and iron, for 
example, human ingenuity and industry had already begun to enrich Earth 
with new “biogenic ‘cultural’ minerals.”96 With such world- shaping powers 
in its grasp, Vernadskii concluded, humanity’s challenge was now to figure out 
how to work collectively toward “the reconstruction of the biosphere in the in-
terests of freely thinking humanity as a single totality.”97 Ecosystem ecologists 
were more modest in their ambitions, but they too embraced a kind of tech-
nocratic optimism that was ultimately rooted in the idea of the ecosystem as 
an assemblage of interdependent living and nonliving components that could 
be improved through engineering.98

For scientists who did not share Vernadskii’s liberal internationalism or 
the technocratic enthusiasm of Hutchinson and Odum, quite different les-
sons could be drawn from the resource crises of World War I and the scien-
tific and technological innovations of the interwar period. Uexküll is a case in 
point. Amid the political turmoil of interwar Germany, he offered a model of 
the “biology of the state” that contrasted starkly with the visions of planetary 
consciousness and technocratic management associated with the concepts of 
biosphere and ecosystem during the same period.99 Rather than seeing scien-
tists as working within a democratic context for the benefit of humanity as a 
whole, he saw the ideal nation- state as an organism structured by rigid social 
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hierarchies, centered on the personal Umwelt of a monarchical leader, and de-
fended against internal and external “parasites.”100 Rooted in the same wartime 
concerns that had motivated other scientists to search for resources necessary 
for victory, Uexküll offered an illiberal version of the concept of environment 
according to which the status of the nation as a functionally integrated, organic 
whole could be used to justify a ruthless war against internal and external en-
emies. While Uexküll did not wholeheartedly support the National Socialist 
government that took power in 1933, at least some Nazi Party members saw 
his scaled- up theory of the Umwelt as a useful framework for justifying both 
genocide and territorial expansion.101

The adoption of the concept of system by ecologists from the 1930s onward 
did not entail an abandonment of the concept of environment but rather its 
reconfiguration in a new semantic context. Systems were by definition not 
all- encompassing; they were, on the contrary, well- defined and internally orga-
nized collections of entities that were bound together in some recognizable 
and persistent way through exchanges of matter and energy. In this sense they 
were much like organisms (albeit not necessarily living), and like organisms 
their internal structure could be understood only in relation to the external 
conditions they faced. By shifting focus from organisms and communities to 
ecosystems, ecologists therefore did not lose their interest in or need for the 
concept of environment; rather, they began to think of environments in terms 
of quantifiable flows of energy and matter that provided the conditions for 
the persistence of “systems” consisting of both living and nonliving compo-
nents. Behind even the radically different politics of a liberal internationalist 
like Vernadskii and a conservative nationalist like Uexküll, we can therefore see 
a set of shared assumptions and techniques rooted in the challenge of wartime 
resource management.

T h e  I r r a d i a t e d  E n v i r o n m e n t

With the outbreak of World War II in 1939, concerns about resource shortages 
reemerged as an issue of central concern for national governments. Just as in 
the previous world war, both combatant and neutral nations organized expert 
committees or reinvigorated those that had been established a quarter- century 
earlier, such as KEPS in the Soviet Union or the National Research Council 
in the United States. Scientists once again set themselves the tasks of calcu-
lating how much of each resource was needed, how much was available, and 
whether substitutes could be devised, and of urging national governments to 
invest in scientific and technological expertise. Again, just as in the aftermath 
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of World War I, these activities persisted into the postwar years, inspiring new 
efforts to measure flows of energy and materials in relation to industrial needs. 
Moreover, a new generation of scientists repeated the same trajectory— from 
wartime resource crises to postwar attempts to rethink humanity’s relationship 
to its environment— that had led Vernadskii to develop the concept of the bio-
sphere in the 1920s. The US ornithologist William Vogt, for example, spent the 
war years studying the nitrogen-  and phosphate- rich guano deposits of Peru 
and coordinating scientific cooperation between the United States and Latin 
America; after the war, he drew on these experiences to become a leading voice 
in the emerging environmental movement, warning about an impending global 
resource crisis and advocating for population control.102

Even certain aspects of the development of the atomic bomb showed signifi-
cant continuity with earlier attempts to identify strategic materials and develop 
new ways of exploiting them. Early in the war, physicists’ realization that the 
enormous amounts of energy released by atomic fission might be harnessed 
to make new kinds of weapons led to an international race to locate and con-
trol sources of uranium ore and to develop new processes for separating the 
highly fissile isotope uranium- 235 from the more plentiful uranium- 238. In 
the Soviet Union, Vernadskii and Fersman helped convince the Soviet Acad-
emy of Sciences that the exploitation of atomic energy could be the key both 
to military victory and to the country’s postwar prosperity.103 The Uranium 
Commission founded as a result ultimately contributed little to the war effort, 
but it helped lay the foundations for the postwar Soviet nuclear program.104 In 
the United States, meanwhile, the Manhattan Project succeeded in producing 
the atomic bombs used to devastate the cities of Hiroshima and Nagasaki in 
1945. Just as crucial to the success of the Manhattan Project as the designs of 
the bombs themselves was access to uranium, a new kind of strategic material 
that the United States initially procured from mines in Canada, the Belgian 
Congo, and the Colorado Plateau. The uranium thus acquired was subse-
quently processed at massive new industrial facilities that dwarfed those built 
by Germany to fix nitrogen during World War I. They included the Clinton 
Engineer Works at Oak Ridge, Tennessee, where uranium- 235 was separated 
from uranium- 238, and the Hanford Engineer Works in Washington State, 
where uranium- 238 was transformed into plutonium- 239 by bombarding it 
with neutrons in the world’s first large- scale nuclear reactor.105

Some things did change significantly in the shift to radioactive materials 
as the fuel for new kinds of armament and a new means of producing energy. 
Unlike the refining of tungsten, aluminum, and other elements already pres-
ent in Earth’s crust, the transformation of uranium into plutonium— first ac-
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complished in 1940 in a cyclotron at the University of California, Berkeley— 
actually created new atoms of an element that was so vanishingly rare that 
it had previously escaped the attention of physicists and mineralogists.106 In 
this way, it went beyond even Vernadskii’s vision of new “cultural” minerals 
produced through human industry but made out of existing atoms to include 
creating elements and isotopes that had never been observed in nature. In 
terms of their absolute mass, these new elements remained insignificant in 
comparison to other industrial materials. The United States, for example, pro-
duced less than 112 metric tons of plutonium in the half- century after 1944— a 
tiny fraction of the billions of tons of steel produced during the same period.107 
Nonetheless, because of their high levels of radioactivity, these elements and 
their decay products had a significance that went beyond their mass.

As these radioactive elements were released into individual ecosystems and 
the biosphere as a whole from the 1940s onward (sometimes intentionally for 
research purposes, sometimes as byproducts of nuclear weapons testing and 
the nuclear power industry), they provided new ways of tracking biogeochem-
ical cycles and new reasons to worry about the consequences of humanity’s 
domination of the planet. From the 1940s onward, for example, ecosystem 
ecologists in the United States began using radioactive isotopes to map and 
measure the quantities and rates of flow of materials through local and global 
biogeochemical systems with unprecedented precision. Unsurprisingly, 
Hutchinson was one of the earliest adopters of the technique, using radio-
active tracers to study the movement of materials through lake ecosystems  
almost as soon as small quantities became available for scientific research in 
the early 1940s.108 After the war, US scientists’ access to radioactive isotopes 
and radiation sources expanded dramatically with the help of the Atomic 
Energy Commission and the Atoms for Peace program, the latter of which 
sought to give a peaceful face to the United States’ ongoing nuclear weapons 
and nuclear energy programs.109 The result was a tool for studying biogeo-
chemical processes at a level of precision that earlier researchers could only 
have dreamed of.

Radioactive materials were not simply tracers of existing biogeochemical 
cycles, however; they were also interventions into those cycles in their own 
right. By the mid- 1950s, scientists recognized that even in the absence of ac-
tual nuclear war, the biosphere was being transformed by the introduction 
of radioactive isotopes that had previously been entirely absent or present 
only in minuscule amounts, and that these transformations might bode ill 
for the future of human health. The appearance of radioactive strontium in 
milk as a result of atmospheric nuclear tests conducted in the 1940s and ’50s  
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proved particularly alarming. While some scientists remained sanguine about 
the capacity of humanity to manage these unruly new resources, others became 
increasingly concerned. Among them was Alexander Pavlovich Vinogradov, 
who had taken over the Biogeochemical Laboratory after Vernadskii’s death. 
In the late 1950s, even as both the US and Soviet governments continued to 
suppress information about domestic nuclear accidents and radioactive con-
tamination, Vinogradov joined other scientists in warning of the health risks of 
radioactive fallout. As early as 1954, for example, he was among the signatories 
of an unpublished report to the Soviet government warning of the effects of 
fallout from atmospheric nuclear weapons testing.110 More publicly, as a par-
ticipant in the Pugwash movement of scientists opposed to the proliferation 
of nuclear weapons, Vinogradov warned in 1959 that “atomic explosions are 
being conducted under the earth, in the stratosphere, in the troposphere, and 
in the ionosphere . . . without any attempt on the part of statesmen to under-
stand the final results of such actions on their part.”111 In Vinogradov’s warn-
ings about the toxic effects of fallout, the optimism of his mentor Vernadskii 
was turned on its head. Rather than heralding the emergence of the noösphere 
as a new stage in the evolution of humanity and of Earth, the proliferation of 
“cultural” minerals indicated the slow poisoning of the biosphere as a whole.

The combination of the use of radioisotopes to map and quantify biogeo-
chemical processes, the theories of feedback and control associated with cy-
bernetics, and concerns about the potential ecological aftereffects of nuclear 
war proved central to the rise of one of Hutchinson’s students, H. T. Odum, to 
a position of leadership in ecology in the United States in the decades follow-
ing World War II.112 After completing a dissertation in the late 1940s on what 
he called the “world strontium cycle” that followed closely in the footsteps of 
Vernadskii, Vinogradov, and Hutchinson, Odum made his scientific reputa-
tion by using radioisotopes to study exchanges of energy and matter between 
organisms and their surroundings.113 In a study of the effects of atomic bomb 
testing on the Pacific atoll of Enewetak conducted with his brother Eugene in 
1954, for example, he found that the animal parts of the coral reef absorbed 
much more radiation than their algal symbionts, which provided an important 
clue to the circulation of nutrients throughout the system.114 Separately, Eu-
gene Odum also conducted numerous studies of the Savannah River nuclear 
site in South Carolina, where plutonium and tritium were produced for the US 
nuclear weapons program. He and his collaborators used radioactive stron-
tium, phosphorus, and other radioisotopes “as ‘tags’ in population studies, as 
aids in measuring energy flow rates in nature, and as a means of determining 
the movement of elements in biogeochemical cycles.”115 Over the following 
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decades, the Odum brothers’ biogeochemical and systems- theoretic vision 
of ecology profoundly shaped the field’s development in the United States.

Modeling even the simplest ecosystems using such methods quickly out-
stripped the capacity of ecologists to calculate them by hand. To meet this 
challenge, ecologists turned to digital computers, whose development had 
been largely funded by the US military during and after World War II and 
which first became available to academic researchers in the late 1950s.116 Al-
though ecologists began experimenting with the use of computers as soon as 
they became available, the key turning point in their adoption came in 1962 
with the launching of the International Biological Program (IBP), which aimed 
to promote and coordinate research on “the biological basis of productivity 
and human welfare.” The US contribution to the IBP was mainly devoted 
to a program called Analysis of Ecosystems, which was directed by a former 
student of Hutchinson’s named Frederick Smith.117 With the aim of produc-
ing large- scale computerized simulations of the world’s biomes, research-
ers involved in the program measured biomass and nutrient flow and built 
computer simulations of the feedback loops that governed the relationships 
among components within each ecosystem. The links between these efforts 
and earlier concerns with wartime resource crises were rarely made explicit, 
but the legacies of those efforts were clear in both the methods of the Analysis 
of Ecosystems program and the language used to described it. When Smith 
sought to justify the large US investment in the IBP, for example, he called 
it a contribution to understanding and managing humanity’s impact on the 
“biosphere.”118

In the adoption of biogeochemical methods and the language of the “bio-
sphere” in ecosystem ecology, we can see both the continuation of projects 
and themes dating back to the period immediately following World War I and 
their transformation under new conditions. If the production of transuranic 
elements such as plutonium confirmed Vernadskii’s vision of an unfolding 
noösphere in which human consciousness was critical to the energetic and 
material functioning of Earth, it also challenged his faith that the maelstrom 
of globalized, industrialized warfare could serve as a step on the path toward 
a community of free- thinking, self- reflective human beings. On the contrary, 
both the threat of nuclear war and the spread of radioactive wastes suggested 
that a human- dominated Earth might be closer to a sphere of death than a 
sphere of life— what some scholars have called a “thanatosphere,” that is, 
rather than a biosphere.119 In the hands of ecosystem ecologists after World 
War II, biogeochemistry became less optimistic, albeit no less ambitious. Re-
cast in the technocratic language of “systems,” it offered a set of conceptual and 
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material tools for reengineering everything from individual ecosystems to the 
biosphere as a whole. We can thus see how certain techniques and theoretical 
claims could, when adapted to a new context, retain their utility even as their 
broader significance was transformed.

*

In 1943, with the outcome of World War II still unclear, Vernadskii wrote an 
essay situating the origins of his interest in the biosphere in his experience 
of the previous world war. Published in English translation at Hutchinson’s 
request in the American Scientist just a few weeks after Vernadskii’s death in 
January 1945, the essay explained that it was “in the atmosphere” of World 
War I that he had “approached a conception of nature, at that time forgotten 
and thus new for myself and for others, a geochemical and biogeochemical 
conception embracing both inert and living nature from the same point of 
view.”120 In other words, Verandskii wrote, it was as a result of the resource 
crises of the first global industrialized war, which had focused his attention 
on the global circulation of the “strategic materials” that kept industrial econ-
omies running and armies well supplied, that he had come to recognize the 
importance of Earth’s “biosphere”— that is, a planetary entity composed of 
living and nonliving components organized into self- reproducing systems and 
fueled by energy from the sun.

Vernadskii’s shift in focus as a result of the war was an experience shared by 
a multigenerational group of scientists who participated in wartime efforts to 
maintain industrial production and military capacity despite the disruptions 
and deprivations of the war, or who were later influenced by those who had. 
It included people directly involved in the search for strategic materials such 
as Victor Goldschmidt, whose work on Norway’s Raw Materials Commission 
laid the foundations for his postwar studies of global geochemical cycles, as 
well as people like Alfred Lotka or Vito Volterra whose wartime work had been 
only marginally concerned with resources but who later came into productive 
contact with others who had been directly concerned with wartime supplies 
of food and other strategic materials. The war also indirectly influenced sci-
entists such as Hutchinson, Lindeman, and Odum, who had been too young 
when the war broke out to be involved in such expert commissions and other 
war- related efforts themselves. Through their experiences, we can see how war 
both transformed the material and social environment and provided opportu-
nities for scientists to conceptualize that environment in new ways.

In particular, by attending to the techniques for quantifying and modeling 
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the stocks and flows of matter and energy that rose to prominence during and 
after World War I, we can see how the adoption of a new set of techniques 
lent plausibility to a new way of imagining environments and the entities that  
they surrounded in terms of “systems” that included living and nonliving 
components. As Vernadskii suggested, these methods approached both “in-
ert and living nature” in similar ways— in particular, they reduced entities to 
their chemical and energetic composition, quantified their magnitudes and 
rates of change, and determined their functional role in a larger system or 
systems of which they were components. Sophisticated methods such as x- ray 
spectro scopy allowed Goldschmidt, Hutchinson, Odum, and others to quan-
titatively determine the chemical composition of living and nonliving bodies. 
Even simple techniques for counting and measuring living beings— such as 
those used by Stanchinskii in Askania- Nova and Lindeman in his trophic- 
dynamic study in Minnesota—proved remarkably generative when linked to 
mathematical models of the flow of energy and materials. This was particularly 
the case when those models could be implemented in digital computers, as 
they were in the decades following World War II.

One of the things that made these methods distinctive was precisely the fact 
that they could be applied in similar ways to both living and nonliving entities. 
The concepts of “biosphere” and “ecosystem” that were developed between 
the 1920s and the 1940s drew on the data produced by these techniques to 
suggest a new model of nature centered not on “organisms” or “living com-
munities” but instead on “systems.” Like an organism or a communitiy, a sys-
tem was an assemblage of diverse parts that were functionally integrated and  
organized in relation to the conditions that surrounded them. Unlike an organ-
ism or a community, however, a system did not consist solely of living beings. 
Since the theorists of ecosystems assumed from the outset that those systems 
included nonliving components— some of them possibly human- made or at 
least human- influenced— they were also more open to altering or replacing 
those components than most community ecologists had been. Where com-
munity ecologists had seen human activities as “disturbances” of natural 
processes of ecological succession, ecosystem ecologists saw changes in the 
feedback loops of self- organizing systems. Reflecting its roots in wartime re-
source management, the systems view thus opened the door to technocratic 
and managerial approaches to solving ecological problems.

Even after the end of World War II, concerns about national security con-
tinued to shape the sciences of biogeochemistry and ecosystem ecology. In-
deed, the Cold War heightened the interest of scientists and governments in 
methods that could be used to predict and control the flow of resources and  
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energy through natural and artificial systems. Using radioactive tracers and 
computerized models, ecologists showed how complex systems of living 
and nonliving components were organized through feedback loops that al-
lowed them to maintain their structure under particular external conditions. 
The awareness that humanity had introduced radically new and potentially 
harmful substances into the biosphere also raised new concerns, however, 
about the potential for humanity to damage or even destroy its own environ-
ment. These concerns contributed to the emergence of a self- conscious “en-
vironmental movement” in the 1960s and ’70s, when consumers in the United 
States and elsewhere began to realize that the safety and healthiness of the  
products they purchased could not be disentangled from the quality of the en-
vironments in which they were produced. The next chapter turns to these con-
sumers and to the activists who laid the foundation for a new kind of popular 
“environmentalism.”



When applied to plants, the chemical aminotriazole (also known as amitrole) 
is capable of inhibiting the production of a protein essential to photosynthesis, 
making it a highly effective broad- spectrum herbicide. From an environmental 
and toxicological perspective, one of its most appealing properties is that it de-
grades quickly in soil and water, reducing the chance of unwanted side effects 
to human health. Only when it is applied to food crops immediately before or 
during the growing season is there a risk that the chemical might be incorpo-
rated into the plant, leaving residues that survive unchanged until they reach 
the consumer. When aminotriazole was first marketed as an herbicide in the 
United States the mid- 1950s, farmers were therefore told to apply the chemical 
only after the growing season had ended.1 Cranberry growers were among 
those who were quick to adopt the new chemical, which allowed them to easily 
free their bogs of poison ivy and other perennial weeds. It soon became appar-
ent, however, that not all growers were following the recommended guidelines 
for its use. A few weeks before the Thanksgiving holiday of 1959— that is, at the 
start of the season when the vast majority of cranberries were sold in the form 
of fresh berries or cranberry sauce— the US government announced that traces 
of aminotriazole had been detected in lots of cranberries. All the cranberries 
harvested over the previous year would therefore be withheld from the market 
until they could be tested for contamination.2

The legal justification for the decision was the so- called Delaney Clause  
of the 1959 amendment to the Food, Drug, and Cosmetic Act, which prohib-
ited the sale of any product containing measurable quantities of substances 
known to be carcinogenic to animals or humans. Unluckily for cranberry grow-
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ers, recent studies had shown elevated rates of thyroid tumors in rats fed high 
doses of aminotriazole, meaning that the Food and Drug Administration was 
authorized to remove cranberries with even the slightest trace of the chemical 
from the market. In the wake of the announcement, nationwide sales of cran-
berries and cranberry sauce suffered a “crushing blow,” in the words of one 
industry observer, with many stores pulling all cranberry products from their 
shelves regardless of the likelihood of contamination.3 Growers were quick 
to defend themselves, launching a media blitz to convince consumers that 
cranberries remained as safe as ever and pressuring politicians to defend the 
industry.4 Within a week of the government’s announcement, both Republican 
Vice President Richard Nixon and Democratic presidential candidate John F. 
Kennedy had ostentatiously consumed cranberries in public to demonstrate 
their support.5 Growers also took their case to the courts, arguing that those 
who had never used the herbicide, or who had used it properly, had been un-
fairly damaged by association with the very small minority who had allowed 
their harvest to be contaminated.6

These efforts to restore the good name of the cranberry industry proved 
largely successful. Eventually the US government agreed to indemnify up to 
$10 million of the industry’s losses, and as early as the spring of 1960 a mar-
keting blitz in the weeks before Easter led to record sales.7 In subsequent 
years, cranberry sales not only recovered but exceeded their pre- 1959 levels; 
in 1964, for example, total US production was nearly two and half times greater 
than in 1959, while the price per barrel shot up by 50 percent.8 One reason 
for the rebound was that the cranberry industry diversified its product line 
to include sweetened juices and other processed products— a decision made 
partly in response to the cranberry crisis, which had revealed the industry’s 
dependence on holiday sales of fresh berries and canned sauce. Another was 
that herbicides such as aminotriazole, pesticides such as DDT, synthetic ni-
trogen fertilizers, and mechanized harvesters and other equipment had raised 
the yield of cranberries per acre even as labor costs dropped. The cranberry 
crisis of 1959 therefore proved to be only a brief setback in the industry’s 
steady growth.9

The cranberry industry and its growing product line were just one small 
part of the booming US economy in the postwar decades, which provided 
consumers with a dizzying array of new products to choose from but also 
generated new anxieties about the hidden hazards those products might 
contain. From the 1950s onward, celebrations of consumer abundance were 
shadowed by concerns ranging from cultural homogenization to uninten-
tional mass poisoning. To allay these concerns, consumers turned to experts 
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who had developed techniques for detecting residues of potentially harmful 
substances in consumer goods, tracking the dispersal of those substances 
through ecosystems and populations, and assessing the risks those sub-
stances posed to the health of humans and other living beings. For those 
experts, the postwar world of consumer abundance was not only a source 
of concern but also an opportunity to generate new kinds of knowledge and 
establish new kinds of expertise. The explosion in the number of new chem-
ical substances coming onto the US market in the decades following World 
War II, for example, provided not only materials for new products that poten-
tially carried with them new risks, but also a new set of tools and tracers that 
could be used to reveal hitherto unsuspected relationships between bodies 
and their surroundings.

These new concerns and techniques served as the foundation of a new 
articulation of the concept of environment. In the 1950s and ’60s, a number 
of biologists, writers, and activists began to apply ideas about the relationship 
between organisms, communities, and ecosystems and their surroundings— 
including recent discoveries in genetics and evolution— to the problems of  
contemporary life. In particular, they argued that the flood of synthetic herbi-
cides and other artificial substances being produced by the consumption- 
driven US economy was threatening the ability of living organisms of all kinds, 
including humans, to adapt and survive. The best known among this group is 
probably Rachel Carson, a science writer trained in biology whose 1962 book 
Silent Spring documented the abuse of what she called “biocides,” including 
herbicides such as aminotriazole and pesticides such as DDT.10 The core ar-
gument of the book was not simply that these specific chemical compounds 
were toxic, but that substances like them were being invented and distributed 
at such a prodigious rate and in such an indiscriminate fashion that neither hu-
manity nor the web of life of which it was a part could evolve defenses against 
them rapidly enough to avoid serious harm. In other words, Carson argued, it 
was precisely the technical ingenuity that earlier environmental thinkers had 
celebrated that now threatened humanity’s long- term survival.

Between the 1950s and 1970s, the idea that each individual was surrounded 
by an environment of invisible toxic risks became compelling to large swaths 
of the US public in a way that previous versions of the concept of environment 
had not. By the end of this period, what we now know as “environmentalism” 
had emerged— that is, a social and political movement built around the idea 
that humanity’s growing power to manipulate the material world was uninten-
tionally harming the very environment on which it depended for survival. The  
movement grew in part because it promised to unify Americans across and de-
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spite their intensifying social divisions. Carson and other environmentalists of 
the period argued that all Americans— indeed, all humans— were, as members  
of a single species, vulnerable to the same toxic risks, and that everyone 
therefore had a stake in ensuring a healthy environment. This idea of a single 
humanity surrounded by a shared environment of toxic risks also had con-
sequences for the way environmental activists described the environment. 
Rather than pointing to the specific environments of particular organisms, 
people, communities, or ecosystems, they often spoke of the environment of 
humanity, or even of the community of life as a whole. Although this univer-
salist environmentalism was politically effective in the 1960s and ’70s, it was 
also deeply problematic, as the environmental justice movement in the follow-
ing decades would make clear. Even as they remained focused on toxic risks 
to human health, a new generation of activists challenged the environmental 
movement’s universalism by calling attention to the risks faced by those who 
benefited least from the United States’ prosperity.

C o n s u m i n g

In the decades after World War II, the US economy expanded rapidly on 
the strength of an ever- increasing rate of consumption that transformed the 
everyday conditions of life for many of the country’s inhabitants. This acceler-
ation of consumption had multiple causes, including the postwar baby boom; 
productivity gains linked to mechanization and automation; the growth of the 
marketing and advertising industries; and the development of new products, 
including pharmaceuticals, plastics, pesticides, and other synthetic chemi-
cals. The postwar turn toward consumption was also the hoped- for result of 
a set of economic reforms implemented by the US government from the late 
1930s onward under the influence of the economic theories of John Maynard 
Keynes, who had argued that the fastest way to end the Great Depression was 
for government to directly stimulate consumption.11 Franklin Delano Roos-
evelt’s New Deal government therefore put into place policies ranging from 
purchasing goods and services directly, to establishing public works programs, 
to supporting the demands of labor unions for higher wages, to increasing 
the supply of circulating money and facilitating consumer access to credit.12  
Despite the necessity for rationing and price controls during World War II, 
such consumer- centered policies continued after the Depression was over, 
helping to fuel the postwar consumption boom.13

For the typical middle- class consumer, the result of these macroeconomic 
policies and shifts in business and technology was access to an unprecedented 
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diversity and abundance of goods. In the local grocery store, the big- city de-
partment store, or the diverse array of retail outlets available in the new sub-
urban shopping malls, not only were familiar products now offered more con-
sistently and at lower prices than they had previously been, but entirely new 
products appeared for the first time. Consumers learned about these products 
in part through a dramatic expansion in advertising in traditional print me-
dia as well as in radio, television, roadside billboards, and other venues.14 In 
addition to informing consumers about the range of new options available to 
them, postwar advertising also promised— in ways tailored toward specific 
demographic segments of the US population— that happier, healthier, more 
exciting, and more fulfilling lives were just a purchase away.15 Some of these 
new products were made of familiar materials that had been transformed by 
novel production processes or incorporated into new designs, such as the 
molded plywood furniture of Charles and Ray Eames; others were made of 
entirely new substances that had been recently developed in chemical labora-
tories, including plastics, dyes, scents, detergents, pesticides, herbicides, and 
pharmaceuticals.16 By 1958, for example, US manufacturers were producing 
920 million pounds of polyethylene each year for everything from shampoo 
bottles to children’s toys to garbage cans.17

The culture of consumption also transformed the landscapes in which 
Americans lived, worked, and played. Federal housing policies encouraged 
home ownership, municipal development plans fostered suburban sprawl, 
and racialized patterns of settlement— reinforced by discriminatory lending 
policies and restrictive neighborhood covenants— encouraged many members 
of the white middle class to flee the increasingly diverse inner cities in their 
search for racial homogeneity as well as for space, security, and other ameni-
ties.18 Their new suburban homes gave them ample space to fill with consumer 
goods, while the homes themselves were major purchases that required costly 
maintenance, often made possible through generous government- backed 
loans. Suburbanization also intensified energy consumption, lengthening the 
distances Americans traveled to sites of work, education, consumption, and 
leisure while increasing the energy required to heat and cool their homes.19 
At the same time, new spaces of consumption were being built across the 
suburbanizing US landscape to make the purchase of consumer goods as 
convenient, affordable, and enticing as possible. The department stores that 
had served as palaces of consumption in city centers since the late nineteenth 
century were now complemented by suburban supermarkets, shopping malls, 
and fast food restaurants, all targeted toward encouraging consumption by 
automobile- equipped consumers in a sprawling metropolitan landscape.20
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This new world of consumption was linked to profound changes in systems 
of production and distribution. In the case of agriculture, for example, the 
widespread postwar adoption of synthetic pesticides and fertilizers, gasoline- 
powered vehicles and other machines, and new crop varieties designed for 
vigorous growth and easy harvesting led to dramatic increases in yields, not 
just for specialty crops such as cranberries but for a range of staples. With the 
help of federal policies that provided loans, supported prices, and insured 
against crop failure, farmers adopted capital-  and input- intensive methods 
that favored the consolidation of farms, the growth of agribusiness, and re-
gional specialization. One of the consequences was that food moved longer 
distances and underwent more profound transformations on its journey from 
farm to table than it had in earlier eras. Advances in refrigeration technology, 
new systems of warehousing, and the rise of the independent trucker brought 
California vegetables, Iowa grains, and a variety of processed and frozen foods 
to customers in distant markets at cheaper and cheaper prices, replacing the 
rail- based networks that preceded them.21 For consumers, these developments 
meant that a wider range of more affordable foods was available throughout 
the year.

As the geographical and social distance between producers and consumers 
increased, it became correspondingly difficult for consumers to know how the 
products they encountered on store shelves had been made.22 Like consumers 
everywhere, Americans had traditionally assessed the quality and value of 
the products they consumed through a combination of methods, including 
direct relationships with local producers. Now it was no longer possible, in 
many cases, to know precisely where a product had been made, let alone to 
be personally acquainted with the people who had made it or the conditions 
under which they had done so. As a result, although these new production 
and distribution systems helped give middle- class Americans a sense of un-
precedented prosperity and freedom, they also undermined trust, generated 
anxiety, and drove demand for new forms of advice and expertise. Chemical  
herbicides and pesticides and other products of the booming chemical indus-
try were especially worrisome. In addition to being ubiquitous and unfamiliar, 
they were also associated with the arcane practices of scientists and engineers. 
Some Americans, concerned about the hidden risks of the consumption- 
driven economy and aware of their inability to assess them, sought out alterna-
tives such as growing their own organic vegetables or following the guidelines 
for healthy eating and living prescribed in magazines such as J. I. Rodale’s 
Organic Gardening, first published in 1942, whose subscriber base skyrock-
eted in the 1950s.23



F i g u r e  1 0 .  An advertisement 
for Ocean Spray cranberry sauce 
published in the fall of 1958. (Atlanta 
Constitution, October 9, 1958, 16.)
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By attending to how a system for generating material abundance could si-
multaneously produce feelings of prosperity and insecurity, we can see how 
a particular state of affairs and the meanings that were attributed it emerged 
together in a particular time and place. The landscape of consumption in the 
postwar United States consisted both of its material components— that is, the 
consumer goods themselves, along with their supporting infrastructures of 
production, distribution, and disposal— and of the attitudes and values that  
Americans brought to it. Anxiety about the safety of one’s food was neither 
simply a direct reaction to a changing food system nor simply a projection of 
un related anxieties (about the possibility of nuclear annihilation, for example) 
onto any arbitrary object that happened to be at hand. Rather, as the food 
system changed in ways both intended and unintended— presenting consum-
ers with a range of unfamiliar products and new modes of consumption— 
consumers sought to respond to that system in ways that fulfilled their own 
aims and met their own expectations. Their hopes and anxieties about this 
new system were therefore reducible neither to the physical properties of the 
goods nor to the values and attitudes they brought to them; they emerged, 
rather, out of the encounter of the two.

D e t e c t i n g

At the very same time that Americans’ concerns about the hidden risks of 
consumer goods were growing, scientists were developing new methods of 
detecting minuscule traces of potentially harmful substances and assessing 
the risks those substances posed to the health of humans and animals. From 
the toxicologists, ecologists, and epidemiologists who carried out such stud-
ies, consumers learned that egregious forms of contamination that produced 
immediate harm were not the only things they had to fear. Toxicity could also 
be subtle, diffuse, and slow acting, producing life- threatening illnesses such as 
cancer over the course of numerous individual exposures, each of which on its 
own might seem insignificant. In the case of aminotriazole, for instance, neither 
growers nor consumers were able to detect the trace residues that remained on  
affected berries without the help of chemical analysis, and the studies that re-
vealed its potential carcinogenicity suggested that it would have an effect only 
after years of daily exposure.24 As the sensitivity of techniques for chemical 
detection improved, moreover, it became clear that synthetic chemicals were 
present not only in contaminated foods but also in ambient air, water, and soil, 
revealing a world of hidden toxic risks.
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The techniques that revealed these risks had their roots in the fields of 
industrial hygiene and toxicology as they had developed in the first half of the 
twentieth century. Well into the 1930s, however, rather than studying consum-
ers exposed to low doses of toxic substances, practitioners in these fields fo-
cused their efforts on workers and on the acute effects of large exposures. As 
a rule, they believed that companies that produced or employed potentially 
toxic chemicals needed to take proper precautions to protect their work-
ers, but that these companies had no special responsibilities to the products’ 
consumers or to the people who lived near sites where the products were 
made, used, or disposed of, beyond warning them of any acute toxicity. In 
the 1920s and ’30s, for example, Robert Kehoe conducted studies of lead 
exposure at plants that produced the gasoline additive tetraethyl lead.25 Like 
many others of the time, he assumed that there was a level of exposure below 
which workers would suffer no ill effects and which consumers would almost 
certainly never exceed.26 Moreover, when he looked beyond the laboratory 
through studies of lead levels in blood samples taken from Americans living 
in industrial landscapes and indigenous Mexicans living under what he de-
scribed as “primitive conditions,” he concluded that lead exposure was both 
normal and natural, and therefore that the introduction of leaded gasoline 
would have little impact on human health.27 Even as he was stressing the 
responsibility of manufacturers to protect their workers from daily exposures 
to lead, Kehoe was also absolving them of responsibility for what happened 
beyond the factory walls.

To the extent that industrial hygienists and toxicologists before World 
War II looked at toxic exposures beyond the workplace, then, it was mainly 
with the aim of demonstrating that such exposures were essentially harmless. 
It was only in the years following the war— as the number of synthetic chem-
icals sold and used in the United States exploded and as consumer anxieties 
grew— that toxicologists and industrial hygienists began to seriously consider 
the cumulative impact of numerous nonoccupational exposures to very small 
doses of potential toxins. Even Kehoe, whose research in the 1930s had been 
used by the companies he advised as ammunition in their battle against gov-
ernment regulation, argued for broadening the purview of industrial hygiene 
to address toxic risks faced by consumers and citizens in their environments 
beyond the factory. As he noted at a 1958 conference in Washington, DC, 
on the theme of “Man and Environment,” the “gap between technology and 
biology” had widened in recent decades, with the result that humanity was 
now much more capable of transforming its environment than it was of un-
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derstanding the consequences of that transformation for its own health.28 In-
dustrial hygienists therefore needed to broaden the scope of their research to 
take these new capacities and risks into account.

An important technical factor in the shift from the factory to the consumer 
environment was the development of new techniques for rapidly and precisely 
detecting tiny amounts of specific chemicals, including complex organic com-
pounds such as aminotriazole or DDT.29 In the postwar decades, among the 
most important of these techniques were paper and gas chromatography. 
Paper chromatography was first developed in the mid- 1940s and came into 
wide use over the following two decades. Simpler and speedier than conven-
tional methods of chemical analysis, it relied on the fact that compounds pres-
ent on a strip of filter paper would be carried at different rates by a solvent as 
it traveled from one end of the strip to the other.30 Other chemical reactions 
were then used to give the substance of interest a distinctive color, allowing it to 
be identified and roughly quantified. A more complex but also more sensitive 
and precise variant of the technique, gas chromatography, became available 
in the 1960s. It was capable of detecting aminotriazole, DDT, and other pesti-
cides at minuscule concentrations, down to less than a single part per million. 
When cranberry lots were being tested for aminotriazole in 1959, the Food 
and Drug Administration was still using conventional methods of chemical 
analysis, but by the 1960s the introduction of chromatography and other tech-
niques had made it possible to rapidly test large quantities of goods for a range  
of potential chemical contaminants.31

Determining whether these synthetic chemicals were actually harmful to 
humans or other forms of life at typical levels of exposure was a different ques-
tion, one that required shifting from chemistry to toxicology. However, for 
both practical and ethical reasons, directly assessing toxicity in humans was 
challenging, particularly when researchers were interested in long- term as well 
as acute effects. Some toxicologists and physicians did conduct experiments 
with human subjects, albeit usually with doses that were presumed to be un-
likely to cause serious injury or death, but under most circumstances human 
experimentation was limited by the obvious risks entailed by experiments with 
substances that were used precisely because they were toxic to some forms of 
life.32 Accidental exposure occurring during the normal course of production, 
transportation, or use of agricultural or industrial chemicals provided some 
opportunity to study toxicity without running afoul of such concerns.33 Such 
occupational exposures were very unlike those experienced by consumers, 
however, who were generally exposed to small quantities of a wide variety of 
chemicals rather than a massive dose of a single chemical.
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Estimates of toxicity to consumers therefore continued to rest heavily 
on analogies to controlled laboratory experiments with nonhuman animals, 
which depended on the assumption that humans and animals— usually rats, 
but sometimes dogs or other species— were similar enough that an exposure 
that was toxic to the latter would also be toxic to the former. Since the 1920s, 
researchers had been developing standardized laboratory tests that made it 
possible to quantitatively compare the toxicity of various substances. For such 
tests, they fed rats or other animals increasing amounts of a given substance 
in order to determine the “lethal dose” at which half of the animals died, the 
so- called LD50.34 By making certain assumptions about the shape of the dose- 
response curve and the relationship between animal and human responses, 
toxicologists could derive a “threshold limit value” or “maximum allowable 
concentration” to which workers and consumers could be safely exposed.35 
Suitably modified, such techniques could also be used to study the long- term 
effects of exposure. In an early study of aminotriazole that seemed to defini-
tively demonstrate its carcinogenicity, for instance, toxicologists at American 
Cyanamid exposed rats to drinking water containing aminotriazole in con-
centrations of up to 100 parts per million over the course of two years. When 

F i g u r e  1 1 .  A chromatogram showing the presence of aminotriazole (AT) and two unknown 
derivatives (CPD.X and CPD.Y) in the roots, stems, leaves, and buds of plants. (Reprinted from 
figure 2 in David Racusen, “The Metabolism and Translocation of 3- Aminotriazole in Plants,” 
Archives of Biochemistry and Biophysics 74, no. 1 [1958]: 106– 13, on 110, with permission from 
Elsevier.)
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they killed and dissected the rats, they found that those who had received the 
highest doses had elevated rates of thyroid tumors.36

Even when seemingly clear evidence of toxicity emerged from laboratory 
animal studies, however, extrapolating from the results of continuous high- 
dose exposure in rats or dogs to occasional low- dose exposure in humans 
proved controversial. In the paper announcing the results of their study of 
aminotriazole exposure in rats, for example, American Cyanamid toxicologists 
Thomas Jukes and Boyd Schaffer argued that the findings actually pointed 
to the safety of the herbicide. For one thing, the fact that daily exposure to 
large amounts of a chemical over long periods of time increased the likelihood 
of cancer in rats did not necessarily mean that occasional exposure to small 
amounts of the same chemical would lead to cancer in humans. As Schaffer 
told one journalist in 1959, a human being “would have to eat 15,000 pounds 
of cranberries a day for many years” to mirror the experimental conditions 
used in the study.37 “If you ask me whether the very small amount of residue 
present is dangerous to people,” he continued, “I steadfastly maintain the 
answer is ‘no.’”38 Moreover, Jukes and Schaffer claimed, the mode of action 
by which aminotriazole led to tumors was shared by antithyroid compounds 
found naturally in a wide range of foods, from milk to cabbage. At the doses 
to which consumers were likely to be exposed, Jukes later argued, the harm 
was likely to be lower than the cumulative effect of consuming foods that were 
already part of “everyone’s daily diet.”39

Even as techniques of toxicological testing improved, uncertainties about 
the tests’ relevance to human health continued to be raised by toxicologists 
themselves. In the mid- 1970s, for example, a new kind of assay was intro-
duced that promised to determine the carcinogenicity of a substance without 
requiring laborious and time- consuming tests with living animals. Named 
for its inventor Bruce Ames, the so- called Ames test was based on the as-
sumption that cancers are caused by mutations in a cell’s genetic code that 
impair the normal processes of cell growth and reproduction— that is, that 
“carcinogens are mutagens,” as Ames and his colleagues titled a 1973 paper.40 
This claim opened the door to new tests for carcinogenicity based not on 
the growth of tumors, which was often slow and dependent on many factors 
besides chemical exposure, but on the detection of chemical mutations to 
the genetic code. By accelerating the screening of potential carcinogens used 
in flame retardants, hair dyes, and other consumer products, the Ames test 
helped to dramatically expand the realm of environmental risk.41 As its use 
was broadened to include myriad other substances to which consumers were 
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exposed, however, it became clear that synthetic chemicals were not unique 
in their capacity to cause genetic mutations. Echoing Jukes and Schaffer’s 
earlier claims about aminotriazole, Ames concluded that humans and other 
organisms had little to fear from synthetic toxins, since their evolutionary his-
tory had granted them defenses against a world full of “natural mutagens, 
teratogens, and carcinogens.”42

Whether laboratory studies exposed animal or human subjects to poten-
tially toxic chemicals or used bacteria to test them for carcinogenicity, they 
could tell scientists only about the effects and mechanisms of varying doses  
of a given substance under controlled conditions. The extent to which 
people, plants, or animals were actually exposed to toxic levels of that sub-
stance in the real world was yet another question, one that could be answered 
only by looking outside of the laboratory. When ecologists found an elevated 
number of sick or dying fish following the treatment of a lake or its surround-
ings with a pesticide or herbicide, for example, they could conclude that the 
chemical was causing harm, even if they remained ignorant of the details of 
its mode of action and the precise threshold of toxicity for various forms of 
life. In 1945, the US Bureau of Entomology and Plant Quarantine and the 
US Fish and Wildlife Service conducted a joint study of the effects of DDT 
spraying on wildlife, finding that even a single spraying could harm popula-
tions of animals other than the mosquitoes, fire ants, gypsy moths, and other 
insects that were its intended targets.43 Other studies with similar results soon 
followed, raising concerns that spread beyond insects and birds to include 
human populations.

The development of improved techniques for detecting toxic substances 
and determining the risks they posed to human and nonhuman forms of life 
did not, by itself, carry any necessary implications for what should be done 
about the production and distribution of such substances. Indeed, certain 
complexities and uncertainties not only persisted but actually increased as 
these techniques were improved, as the expanding use of the Ames test re-
veals. Advances in chemistry and toxicology thus exacerbated anxieties about 
the world of consumer abundance, even as they sought to respond to these 
anxieties. In this limited sense, the critics of the Delaney Clause and the de-
cision to remove cranberries from the US market in 1959 were correct: al-
though the ultimate aim of such measures was to improve the safety of the 
US food system, the immediate effect was to reveal the all- pervasive and un-
avoidable nature of environmental risks and thereby exacerbate the very fears 
they were intended to allay. In this case as in others where technical advances 
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have opened up new perspectives on the environment, we can see how such 
advances often are more effective at redefining the problem than providing  
solutions.

R e g u l a t i n g

As the number and diversity of potentially toxic substances to which consum-
ers were exposed increased, along with the sensitivity of methods capable of 
detecting chemicals and assessing their potential for harm, Americans turned 
to the federal government for assurance that they products they consumed 
were safe. At the time, however, consumer protection in the United States con-
tinued to be based on a model institutionalized in 1906 by the Pure Food and 
Drug Act, which had created the Food and Drug Administration (FDA). The  
law was based on several implicit premises: that giving consumers accurate 
information about the products available for purchase was sufficient to allow 
them to protect themselves from risk, that the greatest hazard came from the 
hidden presence of acutely toxic substances, and that risks to those who might 
incidentally come into contact with the toxins in question were both rare and 
beyond the scope of the government’s authority. The same premises shaped 
the Food, Drug, and Cosmetic Act (FDCA) of 1938, which strengthened the 
FDA’s powers of enforcement in response to a series of contamination and 
adulteration scandals.44 They also influenced the 1947 Federal Insecticide, 
Fungicide, and Rodenticide Act, which tightened the regulation of pesti-
cides, herbicides, and other toxic substances with applications in agriculture 
or other industries.45 While these laws granted the government new authority 
to regulate the labeling and marketing of toxic substances, they focused solely 
on direct risks to the consumer, and they assumed that the government’s re-
sponsibilities ended once it had ensured that the product had been accurately 
represented by the manufacturer.

Over the course of the 1950s, this approach to consumer protection came 
under fire by politicians and activists who believed that the increasing number 
of novel substances in consumer goods demanded more aggressive and wide- 
ranging measures. One of them was James Delaney, a congressman from New 
York who convened a series of hearings on food safety in 1950/51 that aimed 
to demonstrate the need for tighter and more comprehensive regulation of 
“food additives,” a category including any substance used in the production 
of a food item that was still present in the final product, such as pesticides and 
herbicides.46 One of the most important witnesses at the Delaney hearings was 
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Wilhelm C. Hueper, who had worked as an industrial hygienist for DuPont in 
the mid- 1930s before becoming a prominent advocate for the need to control 
“environmental cancer” both within and beyond the workplace.47 Hueper’s 
testimony influenced several people who would later go on to become im-
portant voices in the environmental movement, including Rachel Carson and 
Murray Bookchin.48 While the hearings did not immediately lead to new leg-
islation, they helped lay the foundation for the Delaney Clause of the 1958 
Food Additives Amendment to the FDCA, which prohibited the sale of foods 
shown to contain any amount of any additive known to cause cancer in animals 
or humans.49 The zero- tolerance nature of the Delaney Clause, which was first 
invoked in the cranberry crisis of 1959, made it one of the amendment’s most 
controversial provisions.

Although the Delaney Clause did not explicitly mention the environment, 
it prepared the way for later environmental laws by expanding the definition 
of “food additives” that were subject to federal regulation. An herbicide such 
as aminotriazole could become an “additive” for the purposes of the law not 
because growers or processors had intended it to be present in the fruits or 
vegetables they sold— that is, not because it matched the commonsense defi-
nition of the term— but because detectable residues of a carcinogen had been 
left in the final product. As a result, the Delaney Clause implicitly extended 
the government’s regulatory authority to include any aspect of growing, pro-
cessing, or packaging that had the potential to leave similar residues. More-
over, its focus on cancer and its prohibition of even the tiniest residue of a po-
tentially carcinogenic substance brought attention to the repeated exposure of 
consumers to trace amounts of substances that might result in illness over the 
long term. According to the plain language of the clause, the magnitude of the 
risk to humans at typical exposure levels was irrelevant; all that mattered was 
that some dose of the substance was capable of producing cancer in animals. 
As one newspaper account noted, the clause was not directed at toxins that 
caused immediate and obvious harm, which were already regulated by existing 
laws, but rather at those “insidious” substances “that can cause injury slowly 
through prolonged use.”50

In the 1950s and ’60s, consumer activists added something else that was 
crucial to the emergence of explicitly environmental legislation— namely, a 
concern for the impact of toxic chemicals on people who neither directly used 
them in the workplace or at home nor consumed products contaminated by 
them. Seeking to improve Americans’ quality of life at a time of unprecedented 
material abundance, these activists were skeptical of claims that industry and 
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government would improve product safety without being compelled to do so 
or that informing consumers of a product’s risks was sufficient. Instead, they 
advocated for expanding on traditional consumerist concerns about product 
safety and truth in advertising to include the environmental consequences of 
consumption. This meant not only considering repeated low- level exposures 
to toxic substances through contaminated goods but also the effects of inci-
dental exposures of nonconsumers. In Long Island, for instance, a group of 
community members filed a lawsuit against the spraying of DDT in the late 
1950s to control populations of the invasive gypsy moth.51 Although unsuc-
cessful, their lawsuit played a key role in galvanizing environmental activism 
in the United States— among other things, leading to the establishment of the 
Environmental Defense Fund (EDF), the first major new organization to make 
the concept of environment central to its mission. Carefully distinguishing 
itself from organizations focused on protecting private property rights, EDF 
instead aimed to establish “a body of common law under which the general 
public can assert its constitutional right to a viable, minimally- degraded, envi-
ronment,” even when that meant constraining the freedom of manufacturers, 
consumers, or the government.52

Self- consciously “environmental” activism was therefore already underway 
in some places by the end of the 1950s, but it was only with the widespread 
media coverage of Carson’s Silent Spring in 1962 that it came to national at-
tention. Inspired in part by the cranberry scare, the book drew on the work 
of local activists as well as a wide range of toxicological and ecological studies 
to argue that the misuse of “biocides” was a concern for all citizens, not just 
for the people who purchased them and used them.53 In 1963, a series of con-
gressional hearings on pesticides gave the issue additional prominence. These 
hearings remained focused on the consumer; as Minnesota Senator Hubert 
Humphrey declared on the first day of the hearings, “There is one supreme 
interest— the health of us all. We are all, in the final analysis, consumers.”54 At 
the same time, witnesses such as Carson and Hueper broadened the scope of 
consumer protection to include not only the risks posed by the direct con-
sumption or use of a given product but also the risks that such consumption 
generated for others. Pesticides, herbicides, and other toxic substances could 
easily make their way into the bodies of those who neither purchased nor con-
sumed the products that contained them, they argued, but consumers were ill 
equipped to assess such risks, industry had consistently failed to address the 
risks of its own accord, and existing federal laws did not empower the FDA to 
intervene. Thus, they concluded, new legislation was needed to address what 
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Hueper called “the growing contamination of the human environment, that 
is the air, water, foodstuffs and consumer goods, with manmade chemical and 
physical agents detrimental to human health.”55

Not unlike the earlier Delaney hearings on food additives, the congressio-
nal hearings inspired by Silent Spring had few immediate consequences for 
public policy. Nonetheless, they contributed to a gradual but significant shift 
in the regulation of toxic substances away from the informed- consumer model 
that had dominated through the 1950s. A watershed moment was the pas-
sage of the National Environmental Policy Act (NEPA) in 1969, a law largely 
crafted by political scientist Lynton Caldwell, who had begun arguing for the 
benefits of making the “environment” into “a new focus for public policy” in 
the early 1960s.56 In addition to requiring environmental reviews for a wide 
range of federal activities, NEPA established the Environmental Protection 
Agency (EPA) and authorized it to regulate toxic substances both for their 
immediate impact on consumers, as the FDA had done since the beginning 
of the twentieth century, and for their broader environmental impact. Follow-
ing the passage of NEPA, explicit references to “the environment” became 
increasingly common in new legislation, including the 1972 Federal Envi-
ronmental Pesticide Control Act, which gave the EPA the power to prohibit 
pesticides that had “unreasonable adverse effects on the environment,” and 
the 1976 Toxic Substances Control Act, which bolstered the EPA’s ability to 
regulate chemicals that posed “an unreasonable risk of injury to health or the 
environment.”57

By considering these laws as expressions not simply of a new concern with 
the state of the environment but also of a new conception of what the environ-
ment was, we can better understand both their strengths and their limitations. 
Building on toxicological discoveries about the ability of toxic substances to 
circulate far beyond the bodies of the workers who produced them or the 
consumers who bought them, they shifted the focus of the federal regulation 
of pesticides from informing consumer choices, long the basis of consumer 
protection in the United States, to safeguarding the healthiness of the envi-
ronment within which those choices were made.58 In this way, these laws also 
contributed to a new vision of the American consumer— namely, one whose 
health and safety was recognized as being dependent on his or her own in-
formed choices, distant production systems, the choices of other Americans, 
and the landscapes they shared. At the same time, by focusing on consumers 
and their exposures to hidden chemical risks, these laws drew attention away 
from other kinds of subjects and other kinds of threats.
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T h e  U n i v e r s a l  E n v i r o n m e n t

The idea that humanity might not be able to adapt to the environment it had 
created for itself was one of the conceptual foundations for the environmental 
movement that emerged between the 1950s and the 1970s. While postwar envi-
ronmentalists were hardly the first to argue that progress had brought new and 
unexpected problems, the specific way in which they did so was distinctive.59 
In particular, they were strongly influenced by developments in evolutionary 
theory and population genetics that became known as the “modern synthesis” 
after the publication of Evolution: The Modern Synthesis by the British biolo-
gist Julian Huxley in 1942.60 Between the 1920s and ’40s, following decades of 
growing doubt about the importance of Darwinian natural selection to evolu-
tion, biologists such as Sewall Wright, Theodosius Dobzhansky, Ernst Mayr, 
and George Gaylord Simpson had revitalized evolutionary theory by showing 
how the traits of a population could shift over time as the result of random 
genetic mutations and selective pressures. Central to the modern synthesis was 
the idea that species evolved not because organisms strove to adapt themselves 
to their environments in pursuit of some inner purpose or teleology, as evolu-
tionists from Lamarck onward had argued, but rather because those species 
that failed to adapt to changes in their environment were ruthlessly eliminated, 
along with the genetic variations that had undermined their evolutionary fit-
ness. As Dobzhansky noted in his 1937 book Genetics and the Origin of Species, 
there was no reason to believe that organisms were somehow “endowed with 
a providential ability to respond to the requirements of the environment by 
producing hereditary changes consonant with those requirements.”61 Evolu-
tion was not inherently progressive, and adaptation to a changing environment 
was anything but inevitable.

Through the work of popular writers such as Carson, the understanding of 
evolution articulated in the modern synthesis became linked to the environ-
mental anxieties of the postwar period. Trained in biology at Johns Hopkins 
University and the Marine Biological Laboratory in Woods Hole, Massachu-
setts, Carson had worked for many years as a science writer for the US Fish 
and Wildlife Service, while also authoring a series of popular books and ar-
ticles on oceanography and marine biology that by the 1950s had given her the 
financial independence to devote herself to writing for general audiences.62 In 
the mid- 1950s, she began outlining a new book on evolution before realizing 
that a recent book by Huxley already covered much of the same ground.63 
Around the same time, she toyed with the idea of a book on the theme of 
“Life and the relation of Life to the physical environment.”64 Although she 
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abandoned these plans, the themes they addressed were central to the book 
she chose to write instead, Silent Spring. The idea that the extinction of a 
species occurred when its gene pool shifted too slowly to allow it to survive 
in a changing environment was, in Carson’s view, the key to understanding 
why the misuse of herbicides and pesticides posed an existential threat to the 
human species. Humanity’s success in transforming its own environment had 
ironically resulted in an environment that was changing at “the impetuous and 
heedless pace of man rather than the deliberate pace of nature,” with poten-
tially catastrophic consequences.65

The centrality of the modern synthesis to Carson’s environmentalism is also 
evident in the emphasis she placed on the threat of genetic damage. Like both 
Huxley and Dobzhansky, she believed that humanity had a remarkable capac-
ity to reshape its own environment and thereby affect its own evolutionary 
future.66 Unlike them, however, she was pessimistic about humanity’s capacity 
to do so wisely, particularly with the technological capacities it had recently 
developed. Among all the dangers to which Americans were exposed, she 
argued, ionizing radiation and toxic chemicals were particularly threatening 
due to their impact on “genetic heritage.”67 Both had the capacity to directly 
damage chromosomes, hinder cell division, and cause genetic mutations, by-
passing many of the defenses that Carson believed humans and other organ-
isms had evolved to protect themselves from other kinds of environmental  
hazards. It was for this reason that she suggested pesticides and herbicides 
should properly be called “biocides”— that is, not selective means of eradicat-
ing pests and weeds but rather universal killers of life.68 By framing her argu-
ment against aminotriazole, DDT, and other “biocides” in terms of genetics, 
Carson gave them an extraordinary generality that they would not have had if 
she had focused solely on their physiological effects. Since biocides attacked 
genes themselves rather than just the phenotypic products of those genes, 
the differences in functional organization that separated humans from other 
species were less important than the common vulnerability of all living beings 
in evaluating the magnitude and nature of the threat such chemicals posed. 
As Carson noted in 1963 in her last public speech, delivered shortly before 
her death from breast cancer the following year, “Man is affected by the same 
environmental influences that control the lives of all the many thousands of 
other species to which he is related by evolutionary ties.”69 The same thing 
that threatened to silence the insects and birds, in other words, also threatened 
to silence humanity.

The modern synthesis had a similarly universalizing effect on the way envi-
ronmentalists understood the significance of human racial differences.70 In his 
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1962 book Our Synthetic Environment, for example, which addressed many  
of the same themes as Silent Spring but situated them in a more radical po-
litical framework, Murray Bookchin deployed evolutionary theory to explain 
why toxic chemicals and ionizing radiation posed a uniquely universal threat 
to humanity.71 Whereas each human race had adapted biologically to its local 
climatic conditions, Bookchin argued in an echo of nineteenth- century race 
science, no human population had had sufficient time to evolve biological 
defenses against radioactive fallout, synthetic pesticides, or the industrial en-
vironment as a whole.72 In contrast to the racially specific effects of climate, 
he argued, “toxicants dangerous to men of one race are equally hazardous 
to men of other races,” with the consequence that the “appearance of these 
toxic agents in the atmosphere, water, and foods threatens the health of every 
human being.”73

The universality of the threat to humans and other forms of life posed by 
the “synthetic environment” was also a result of these toxic agents’ combi-
nation of ubiquity and uncertainty. While virtually everyone was exposed to 
some amount of synthetic toxins, it was almost impossible to predict who 
would suffer from that exposure and in what ways. What placed everyone 
in the same relation to the toxic environment was not the absolute certainty 
that they would all suffer the same harm but rather the shared possibility that 
they might suffer them at some point in their lives. Accordingly, the fable of a 
small town afflicted by a mysterious poison with which Carson begins Silent 
Spring is written in the subjunctive mood; it depicts not a horror that had 
happened but one that could happen anywhere, to anyone, if humanity were 
to continue along its current path.74 Ultimately, Carson argued, the question 
was not whether we could prove that we had already been harmed but whether 
“we are being asked to take senseless and frightening risks.”75 Together with 
the modern synthesis, this focus on diffuse and uncertain risks helped Carson, 
Bookchin, and other early environmentalists articulate an argument for soli-
darity that they hoped would have universal appeal. If all humans were equally 
vulnerable to toxic pollution and other environmental threats, then all humans 
had a stake in reducing the risk.

Precisely which kind of response was demanded by the recognition of uni-
versal exposure to environmental risks remained open to debate, however. 
Whereas Carson argued for a return to nature’s pace, other environmentalists 
saw risk- taking and technological innovation as essential to resolving the en-
vironmental and evolutionary crisis that humanity had created for itself. The 
bacteriologist René Dubos, for example, was just as concerned about changes 
to the human environment and as skeptical of narrowly biomedical approaches 
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to health as Carson or Bookchin, but he was more optimistic about humanity’s 
capacity to adapt, at least in biological terms, to the new environment it had 
created.76 After all, he argued, a “willingness to take risks is a condition of 
biological success,” not only for humans but for all evolving organisms, and 
it was clear that humanity had reaped enormous benefits from the risks it had 
taken in developing synthetic herbicides and pesticides.77 On the contrary, 
what worried him most about environmental change was the potential for hu-
manity’s creativity to be constrained by ever- more- hostile and unforgiving 
surroundings— that is, an environment to which humanity might well be able 
to adapt biologically but in which “real human values” would be lost.78 In 
the early 1960s, this position made him an uncomfortable ally of the corpo-
rate opponents of the Delaney Clause, who cited his work approvingly at the 
1963 hearings inspired by Silent Spring.79 Although Dubos grew increasingly 
worried about pollution over the course of the 1960s and ’70s, he remained a 
“despairing optimist,” convinced of the potential for humanity to adapt to its 
changing environment.80

By examining the role of the modern evolutionary synthesis in the argu-
ments of environmentalists such as Carson, Bookchin, and Dubos, we can see 
how a very general kind of argument that recurs in many times and places— 
namely, the idea that technological advances are not always an unmitigated 
boon for humanity— was reformulated in terms suitable to a particular set of 
circumstances and aims. We can also see how such a specific reformulation 
could serve as the basis for a broader movement that attracted many people 
who had little if any knowledge of the technical details of genetics or evolu-
tionary theory. From such books as Silent Spring, Our Synthetic Environment, 
and Dubos’s Man Adapting, readers learned that modern science had proven 
that humanity would not automatically adapt to the world it had built for it-
self.81 Whether they were pessimists or “despairing optimists” like Dubos, 
many were convinced that there was an important choice to be made: namely, 
whether the system of material abundance that had been developed in the 
postwar United States would benefit consumers over the long term or whether 
it would simply seek to satisfy their immediate desires.

F r o m  U n i v e r s a l i s t  E n v i r o n m e n ta l i s m  t o 
E n v i r o n m e n ta l  J u s t i c e

While most environmentalists circa 1970 assumed that all Americans faced 
equal environmental risks and should therefore be equally motivated to ad-
dress them, by the end of the decade some activists were challenging that 
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assumption by pointing out that the distribution of environmental risks 
was highly unequal For these activists, the key issue was not pesticide-  and 
herbicide- laden foods that threatened each consumer as much as the next, 
but rather toxic waste dumps that threatened only those who lived in their 
proximity even as they relieved others of the burdens of exposure. In the 
1970s and ’80s, this new generation of activists brought attention to the role 
of race and class in the unequal distribution of environmental risk and thereby 
posed a powerful challenge to the idea that there was a singular environment 
for a unitary human species— an idea that had often served to obscure the fact 
that the implicit subject of US environmentalism in the 1960s and ’70s was 
almost always white and middle- class. Instead, these activists for “environ-
mental justice,” as it came to be known, developed new methods of research 
and activism to make visible how the vulnerability of certain individuals and 
communities to environmental risk was shaped by hierarchies of race, class, 
and gender.82

Challenges to the kind of universalist environmentalism represented by Si-
lent Spring and NEPA came both from those who opposed environmental reg-
ulations of all kinds and from those who sought to ensure that such regulations 
were implemented in ways that were just and equitable.83 These right- leaning 
and left- leaning critics of environmentalism became more vocal in the context 
of the “stagflation” of the mid- 1970s, which combined high unemployment 
with a rising cost of living. Under these conditions, the Keynesian measures 
that had been credited with helping end the Great Depression— raising wages, 
investing in public works, increasing the money supply, and other ways of 
stimulating consumption— could not be deployed, since they also had the 
effect of exacerbating inflation. The result was an economic downturn that 
seemed, for a while, invulnerable to the usual solutions. By eroding the pur-
chasing power of many Americans, the stagnant- but- inflationary conditions of 
the 1970s reawakened tensions between workers, owners, and consumers that 
had remained dormant as long as consumer- oriented policies could be seen 
as benefiting both workers and owners— the former through higher wages, the 
latter through higher profits.84 In the less prosperous 1970s, environmental 
policies that protected consumers by imposing new burdens on producers 
came under attack from labor unions and business owners alike, as did the 
consumer protection movement more generally.85 Reframed as a zero- sum 
game in a stagnating economy, environmentalism’s supposedly universal ap-
peal began to fracture.

The universalist environmentalism of the 1960s was also challenged by the 
growing awareness that the new environmental laws, rather than ameliorat-
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ing environmental inequalities, had actually in some cases worsened them. 
In the case of pesticides, for example, the shift away from DDT and similar 
compounds clearly benefited certain animal populations and ecosystems and 
reduced the exposure of consumers to potentially carcinogenic substances, 
but the organophosphate pesticides that replaced them were in many cases 
even more acutely toxic to the farmers and laborers who applied them.86 Sim-
ilarly, new regulations governing the disposal of toxic waste did not protect 
all Americans from toxicity, as environmentalists had claimed. Instead, they 
often simply shifted toxicity from middle-  and upper- class white communities 
to poorer nonwhite communities that lacked the political and economic clout 
to resist them. In the late 1970s and early ’80s, for example, the EPA and the 
state of North Carolina decided to dispose of illegally dumped polychlorinated 
biphenyls (PCBs) in a landfill in Warren County, North Carolina, a majority- 
black county that was also one of the state’s poorest.87 For residents such as 
Luther G. Brown, the reasons the county had been selected for the dump 
were clear: “It’s because it’s a poor county— poor politically, poor in health, 
poor in education and because it’s mostly black. Nobody thought people like 
us would make a fuss.”88 Local activists who protested the proposed PCB 
landfill found themselves in conflict not with the industries that had produced 
the toxic substances or the people who had disposed of them illegally— the 
conventional targets of environmental activism— but rather with the state and 
federal authorities who had decided that their community should bear the 
burden of cleaning them up.89

For activists protesting such environmental injustices, the kinds of research 
and expertise on which Carson and other early environmentalists had based 
their activism proved to be inadequate precisely because of their supposed 
universality. Laboratory toxicology, for example, provided estimates of risk 
for humans in general but said nothing about the social distribution of risks, 
while the official epidemiology of health departments and environmental 
agencies often underestimated the role of toxic risks in producing illness in 
marginalized communities. For reasons ranging from overly conservative 
scientific standards to outright corruption, environmental justice activists ar-
gued, studies conducted by state environmental agencies and the EPA were 
deeply compromised.90 Consequently, activists developed their own methods, 
sometimes described as “popular epidemiology,” to show how environmental 
risks became concentrated in their communities.91 At the Love Canal housing 
development in New York, for example, where volatile toxic wastes from an 
abandoned dump had seeped into backyards and basements over years of 
official neglect, resident Lois Gibbs went door- to- door to collect evidence of 
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illnesses and injuries that government agencies had proven unwilling or unable 
to collect.92 On a national scale, the United Church of Christ’s Commission 
for Racial Justice issued a report in 1987 showed that hazardous waste facil-
ities were more likely to be sited in majority- nonwhite communities than in 
majority- white communities. Race, it concluded, “was consistently a more 
prominent factor in the location of commercial hazardous waste facilities than 
any other factor examined.”93 That insight served as the basis of the National 
People of Color Environmental Leadership Summit in Washington in 1991, an 
important milestone in the emergence of the environmental justice movement 
in the United States.94

The environmental justice movement also adopted organizational forms 
that reflected its roots in local community concerns and distinguished it from 
the increasingly bureaucratic mainstream environmental movement. By the 
1980s, partly as a response to the new environmental laws of the late 1960s 
and ’70s, the most influential environmental organizations had become large, 
centralized, and hierarchical. Headquartered in Washington, DC, they focused 
on filing lawsuits and advocating for changes to national policy with the help 
of highly trained lawyers, scientists, and other experts, turning to a broader 
public only when they needed donations or sought to pressure politicians 
through letter- writing campaigns.95 The environmental justice movement, 
by contrast, evolved from scattered local efforts into a network of organiza-
tions that were united by a common set of tactics and concerns but remained 
centered on the histories and identities of the communities where they were 
rooted. Doing so preserved a space for each community to establish its own 
leaders, expertise, and political voice to fight environmental risks specific to 
that community rather than shared among all Americans, let alone all members 
of the human species.96 Even when environmental justice activists established 
organizations with national scope, those organizations generally focused on 
supporting local grassroots efforts. For example, the Citizens Clearinghouse 
for Hazardous Waste, an organization established by Gibbs in 1981, offered 
tactical support and resources to communities fighting their own battles 
against toxics rather than trying to manage each case directly or shifting the 
focus to Washington. It was not a “lobby, litigation, or public interest group,” 
it claimed, but a grassroots organization whose “main function” was “to help 
people help themselves.”97

Despite the explicit embrace of the word environment in the name given 
to this emerging movement, many environmental justice activists had an am-
bivalent relationship to the label “environmentalist” and the concept of “envi-
ronment.”98 Because existing environmental groups possessed much- needed 



The Evolution of Risk 159

expertise, embracing explicitly environmental language was often an effective 
strategy for environmental justice activists as they entered forums in which 
success depended on mastering the complexities of existing laws and institu-
tions. The Love Canal Homeowners Association, for example, relied for legal 
advice on the Sierra Club Legal Defense Fund, which had been established by 
the Sierra Club in 1971 as environmentalists turned to litigation to shape the 
interpretation and enforcement of the environmental laws of the late 1960s and 
early ’70s.99 More broadly, environmental justice activists were sometimes able 
to attract resources, media attention, and sympathy by describing themselves 
as “environmentalists” even when they felt little affinity with the environmen-
tal movement as it had developed since the 1960s. At other times, however, 
environmental justice activists sought to distance themselves from what some 
of them derided as “mainstream” environmentalism.100 This was particularly 
the case for activists who approached toxic dumping and other environmental 
issues through the frame of civil rights. People who described themselves as 
“environmentalists,” they argued, tended to be white, affluent, and primarily 
concerned with the preservation of wilderness and wildlife rather than with 
the everyday concerns of poor, working- class, and nonwhite communities. In 
1990, for example, a group of activists affiliated with the SouthWest Organiz-
ing Project wrote an open letter to leading environmental organizations accus-
ing them of continuing to “support and promote policies which emphasize the 
clean- up and preservation of the environment on the backs of working people 
in general and people of color in particular.”101

By examining the ways in which the concept of environment was adopted 
and adapted by the environmental justice movement, we can see how the emer-
gence of the environmental movement in the 1960s and ’70s changed the stakes 
of the term. Now associated with a specific set of issues, institutions, laws, 
and political allegiances, much of the interpretive flexibility of the “environ-
ment” and “environmentalism” that had characterized those terms since the 
mid- nineteenth century had been lost. In this context, it became harder to 
advocate for alternative variants of the concept of environment and the forms 
of environmentalism that accompanied them, since it was now necessary to 
point out that what one was advocating was both deeply “environmental” 
and clearly distinct from— indeed, sometimes diametrically opposed to— 
something called “mainstream environmentalism.” Nonetheless, the concept 
of environment remained essential to environmental justice activists, who con-
tinued to argue (like the “mainstream” environmentalists who preceded them) 
that the consumer- centric US economy produced ubiquitous, hidden toxic 
risks to human health and well- being, to which no individual or population 
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could adapt rapidly enough to avoid harm. Similarly, they continued to use 
the ubiquity and uncertainty of such risks as a foundation for solidarity among 
otherwise divergent individuals and groups. Thus, we can see how the concept 
of environment was materialized in a variety of ways, even as one particular 
way came to be associated with the term environmentalism.

*

The opening line of the first full chapter of Silent Spring fails to match some of 
our expectations of the environmental movement of the 1960s and ’70s. It does 
not mention toxic poisoning or industrial malfeasance, nor does it concern it-
self with “nature” in conventional terms— that is, those wild places and natural 
resources that environmental justice activists would later accuse mainstream 
environmentalists of privileging to the detriment of marginalized communi-
ties. Rather, it offers the expansive claim that the “history of life on earth has 
been a history of interaction between living things and their surroundings.”102 
Rooted in Carson’s understanding of biology and evolutionary theory, this 
opening line lays the groundwork for the book’s attack on the misuse of chem-
ical pesticides and herbicides. What had motivated her to write the book was 
the recognition that the “surroundings” with which living things now had to 
grapple were permeated by the invisible, potentially toxic products of human 
ingenuity, and that the quantity and diversity of these toxic substances was in-
creasing daily. Linked to a universalist view of humanity— that is, of humanity 
as a single biological species, each of whose members was equally vulnerable 
to toxic risks— this recognition provided the conceptual foundation for the 
emergence over the course of the 1960s of a social movement that was self- 
consciously “environmental.”

By examining the role of consumer culture, toxicological research methods, 
and evolutionary theory in the emergence of modern environmentalism, we 
can see that the movement did not arise merely from the realization by astute 
scientists and activists of the threat posed by human activities to a preexisting 
object, “the environment,” which they then mobilized the public and policy-
makers to protect.103 Rather, it arose from the articulation of a new under-
standing of the concept of environment in terms of hidden toxic risks that 
threatened the survival of the human species, which activists used to describe 
environmental threats in a way that was compelling and demanded action. To 
do so, they relied on a range of techniques for detecting toxic substances and 
assessing the risks they posed, from paper and gas chromatography to human 
and animal testing to studies of the ecological and epidemiological effects of 
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widespread spraying of pesticides such as aminotriazole and DDT. These 
“environmentalists,” as they came to be known in the course of the 1960s, 
used this articulation of the concept of environment and the techniques that 
substantiated it to make their claims and to rally public support at a time when 
American consumers were increasingly concerned about the hidden costs of 
material abundance.

As the “environmental movement” grew, spurred by the massive Earth Day 
teach- ins of April 1970, newly self- described “environmentalists” adopted the 
idea of a singular humanity or community of life in relation to a singular envi-
ronment.104 Their very use of the singular term the environment rather than the 
plural environments reflected this universalizing turn. Defined as the condi-
tions necessary for the survival and well- being of the human species or of life as 
a whole, “the environment” offered a powerful new discourse for establishing 
solidarity across borders of class, race, gender, and nationality— a universalist 
environmentalism that could and did claim to be relevant to everyone. This 
universalism was also a source of weakness, however, inasmuch as it led many 
environmentalists to ignore differences in the environmental exposures of 
different individuals and groups, as well as the varied goals and values that 
different individuals and groups brought to their relationships to their sur-
roundings. These blind spots led in some cases to direct harm, as in the case 
of Warren County’s EPA- supported toxic waste dump, and in other cases to 
skepticism about the aims of environmental activists. Universalist claims about 
improving “the environment,” environmental justice activists made clear, had 
often been used to advocate actions that improved only the environments of 
particular groups.

Paying attention to how the concept of environment has changed over time 
and from one community of speakers to another also helps us gain a clearer 
view of the environmental movement of today. In particular, it reveals how the 
idea of a universal humanity confronted by a singular environment has been 
at the very same time one of the movement’s greatest strengths and one of 
its greatest weakness. The environmentalism of the 1960s proved compelling 
across the political spectrum because it posited the existence of risks that af-
fected all humans regardless of class, race, gender, or political orientation. To 
do so, it offered not just a new evaluation of the state of the environment, but 
also a new understanding of the concept of environment. In the United States, 
this vision of environmental quality proved easier to sustain from the late 1950s 
to the early 1970s, when postwar prosperity was at its height and economic 
growth could plausibly be argued to be benefiting all Americans, than it did 
from the mid- 1970s onward, when a stagnating economy and rising inequality 
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revealed the deep divides between rich and poor, black and white, producer 
and consumer. The next chapter turns to the closing decades of the twentieth 
century, when a different set of tensions— between local and global views and 
between the Global North and Global South— shaped the adaptation of the 
concept of environment to a world being reshaped by climate change.



Carbon dioxide is a colorless, odorless gas capable of absorbing some of the 
heat radiated from Earth’s surface after it has been warmed by the sun. This 
makes it one of the so- called greenhouse gases (along with methane, water 
vapor, and others) that keep the planet’s atmosphere, oceans, and land at 
temperatures hospitable to life. Over the history of Earth, the levels of these 
gases have varied, as has the planet’s temperature. For the vast majority of 
that history— indeed, for the vast majority of the very thin slice of that history 
during which humanity has existed— these fluctuations have had nothing to 
do with human activities. In 1990, however, the Intergovernmental Panel on 
Climate Change (IPCC) released a report warning that the human use of fossil 
fuels such as coal, oil, and gas had increased the atmospheric concentration of 
carbon dioxide to levels that would probably soon lead to a significant increase 
in global temperatures, if they had not already.1 Over the previous century, the 
IPCC found, global temperatures had already increased by 0.3 to 0.6 degrees 
Celsius, while the average carbon dioxide concentration had risen from about 
290 parts per million (ppm) to more than 350 ppm.2 The report concluded 
that it was still too early to say whether the increase in global temperatures was 
caused by, rather than merely correlated with, the increase in carbon dioxide 
and other greenhouse gases. Nonetheless, given the potentially catastrophic 
consequences of global warming, it stressed the urgent need for an interna-
tional research program “to improve our capability to observe, model and 
understand the global climate system.”3

Concerns about the impact of fossil fuels on the global climate had been 
growing among climate scientists for decades, but the IPCC’s consensus- 
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building approach gave its report an authority that previous warnings had 
lacked. Following its release, a wide range of environmentalists and policy-
makers pushed not only for more research but also for immediate action to 
minimize the risks of rapid climate change. In 1992, after several years of ne-
gotiations, the United Nations Framework Convention on Climate Change 
(UNFCCC) was opened for signatures at the UN Conference on Environment 
and Development in Rio de Janeiro.4 The treaty went into force two years 
later, after it had been ratified by the first 50 of what would eventually grow 
to 197 countries and other parties, including all member states of the United 
Nations. Although parties to the convention did not commit to reducing their 
emissions or taking other immediate steps, they agreed that “change in the 
Earth’s climate and its adverse effects are a common concern of humankind” 
and that human greenhouse gas emissions would “result on average in an ad-
ditional warming of the Earth’s surface and atmosphere and may adversely 
affect natural ecosystems and humankind.”5 They also affirmed their intent to 
“protect the climate system for the benefit of present and future generations of 
humankind, on the basis of equity and in accordance with their common but 
differentiated responsibilities and respective capabilities.”6

The transformation of climate change from the obscure research topic of 
a few specialists to one of the most important subjects of international diplo-
macy and environmental activism in the last quarter of the twentieth century 
had multiple causes. One was a dramatically improved understanding of the 
global climate system. Since the early decades of the Cold War, climate scien-
tists had expanded the reach of their data- gathering networks, refined their 
computational models, and created new institutions to facilitate the sharing 
and evaluation of data and models. They also developed a new understanding 
of the global climate as an object of knowledge and concern. Whereas most 
earlier climatologists had understood “climate” as a property of particular re-
gions of Earth that could be studied through direct observation and measure-
ment, late- twentieth- century climate scientists focused on the “climate sys-
tem” as a singular, planetary phenomenon that could be studied only through 
globe- spanning sensor networks and computer simulations.7 By the time of 
the IPCC’s founding in 1988, a few climate scientists had concluded that this 
global climate system was already being transformed by human activities. 
While initially a minority position, over the succeeding decades this hypothe-
sis was embraced by a growing number of scientists. By the end of the century, 
virtually all researchers active in the field agreed that the climate was already 
changing and that humanity’s use of fossil fuels was the primary cause.8

Scientific advances were not the only reason for climate change’s rise to 
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prominence during this period, however. Equally important were the era’s 
geopolitical shifts— particularly, the fall of the Berlin Wall in 1989 and the 
collapse of the Soviet Union in 1991, which brought the nearly half- century- 
long Cold War to an end. In its wake, the ideological clash between US- style 
democratic capitalism and Soviet- style authoritarian socialism that had domi-
nated international relations since the late 1940s was replaced by new tensions 
between the developed nations of the Global North and the developing na-
tions of the Global South. With some form of capitalism adopted as the eco-
nomic system virtually everywhere, those tensions centered not on attempts 
to revolutionize the existing system but on structural factors that led some to 
prosper within it while others remained desperately poor. In this post– Cold 
War context, climate change and the various efforts to mitigate it became an 
important arena for contests over the future of the system. While the threat of 
global warming made it clear that the world’s nations were bound together 
by the planet they shared, it also made it clear that they were divided by vast 
differences in responsibility, vulnerability, and capacity to respond. Proposed 
solutions to the risks posed by climate change were therefore often evaluated 
both in terms of their ability to slow the planet’s warming and in terms of how 
they would restructure the post– Cold War global order.

Climate scientists and activists refashioned the concept of environment 
to suit these new needs and circumstances. Before global warming became 
a matter of widespread concern in the 1980s, few had considered it to be 
an “environmental” issue, at least in the sense that the term was commonly 
used among environmentalists of the time, who focused on threats such as 
toxic pollution that were potentially harmful to individuals and communities 
everywhere. Climate change was simply too uncertain, too large in scale, too 
delayed in time, and too variable in its local effects to serve as a compelling 
basis for an environmentalism of this kind. In the 1970s and ’80s, however, 
climate scientists and activists began to articulate a new way of understanding 
global climate change in explicitly environmental terms. Rather than focusing 
on its consequences for individuals, communities, ecosystems, or even the 
human species as a whole, they focused on the role played by the global cli-
mate in sustaining something they called “human civilization” or “the human 
enterprise.” As the planet warmed, they argued, the expansion in the scope 
of human freedoms and comforts that they associated with the development 
of modern civilizations would become increasingly constrained, and indeed 
certain of those freedoms and comforts might be lost. At worst, civilization 
itself might collapse. While this vision of an existential threat to human civili-
zation gave activists a common focus, it also masked many of the tensions and 
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divisions of the era. In the early decades of the twenty- first century, as attempts 
to reduce greenhouse gas emissions through international regulations faltered, 
these tensions led some people to propose alternative, more pluralistic ways of 
envisioning the global environment.

G l o b a l i z i n g

When the IPCC concluded in its First Assessment Report in 1990 that the 
burning of fossil fuels might already be changing the global climate, its ability 
to make a convincing case was the result of two developments in the second 
half of the twentieth century: a dramatic rise in the emission of greenhouse 
gases from human activities, and dramatic improvements in scientists’ abil-
ity to measure those emissions and model their effects. Undergirding both of 
these developments was something that might be called “globalization,” as 
long as that term is understood broadly to mean the increasing entanglement 
of the lives and livelihoods of people living and working at great distances 
from one another. This entanglement took many forms in the decades after 
World War II. It was military, in that the two nuclear- armed superpowers of 
the Cold War era— the United States and the Soviet Union— approached the 
entire planet as a potential battlefield. It was also economic, in that both of 
those powers sought to integrate the nations within their respective blocs into 
global systems of production and consumption. It was technological, cultural, 
and political, in that infrastructures of transportation and communications 
were used to spread ideas and values globally and to knit together new political 
alliances that transcended national borders. Finally, globalization during this 
period was scientific, in that scientists were able to use new kinds of global 
institutions and infrastructures to better understand the planet as a whole.

For climate scientists in particular, globalization in the post– World War II 
period provided the foundation for the development of new data- gathering 
networks, computational models, and research collaborations that helped 
them grasp the global climate system as an object of knowledge and concern. 
This was not, of course, the first time that scientists had built international net-
works to gather data on a scale that was beyond the reach of each of them alone. 
In the nineteenth century, scientists such as William Whewell had attempted 
to map the world’s tides and climates using data collected by hundreds or 
even thousands of observers. By the end of the nineteenth century, moreover, 
cooperation among the scientists of different nations had already been for-
malized through institutions such as the International Meteorological Asso-
ciation (IMA), which later served as the basis for the World Meteorological  
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Organization (WMO), founded under the auspices of the United Nations in 
1951.9 In the case of meteorology and climate science, what changed between 
the late nineteenth century and the mid- twentieth was not the aim of coordi-
nating large- scale, geographically dispersed research but rather the way such 
research was coordinated. The IMA’s “international” association of national 
weather bureaus, each of which shared methods and ideas with the others 
in order ultimately to better understand its own problems, gave way to the 
“world” organization of the WMO, which sought to manage the collection and 
distribution of weather and climate data on a global scale.10

Among the drivers of this shift from international to global science were the 
military and geopolitical interests of the two Cold War superpowers, which 
helped create the professional and technological infrastructure for the global 
environmental sciences in the second half of the twentieth century.11 Following 
World War II, both the United States and the Soviet Union invested heavily in 
scientific research that would help them monitor each other’s nuclear weapons 
programs, plan for warfare on land, in the air, underwater, and in space, and 
manipulate the environment to help allies or harm enemies (by, for instance, 
controlling the weather or disseminating crop diseases). As a result, the amount 
of funding available and the number of researchers at work in fields such as 
seismology, oceanography, meteorology, geophysics, and ecology expanded 
dramatically. Although some of this research was explicitly military in nature, 
much of it took place in the context of civilian projects such as the International 
Geophysical Year of 1957/58 or at institutions such as the Scripps Institution of 
Oceanography in La Jolla, California, which was nominally civilian but funded 
almost entirely by the US Navy.12 From a national security perspective, what 
mattered was not so much the acquisition of a particular fact or the develop-
ment of a specific scientific theory as the availability of specialized expertise 
that could be applied to military needs as necessary. Much of the early work 
on modeling of the climate system was of this nature. While the immediate 
military relevance of research on basic processes of atmospheric and oceanic 
circulation was often unclear, the value of having a group of experts on these  
likely “environments” for future war seemed obvious to military planners.13

Beyond such national security concerns, the development of new technol-
ogies of transportation, communications, and computing for both military and 
civilian purposes also provided tools that scientists could use to study climate 
on a global scale. The expansion of international air travel, for example, made 
it easier for scientists to carry out measurements or install sensors and other 
equipment at distant sites, while telecommunications technologies— from trans-
continental telephone lines to satellite links to the internet— facilitated the rapid 
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transfer of data from field sites to central repositories as well as the sharing of data 
and models between scientists. The launching of weather and communications 
satellites in particular gave climate scientists new tools both for measuring Earth’s 
atmosphere from above and for collecting data in near- real- time from ground- , 
sea- , and air- based sensors. The Global Atmospheric Research Programme 
(GARP), launched by the WMO in 1967 to standardize and coordinate data- 
gathering on weather and climate, for example, included several major “experi-
ments” that collected data on a global scale from weather stations, buoys, ships, 
balloons, and satellites.14 For the First GARP Global Experiment, for example,  
scientists relied heavily on the new weather satellites and dedicated weather 
stations as well as on measurements of wind speed, temperature, and other 
parameters acquired from commercial aircraft and merchant ships.15 They also 
took advantage of advances in computing technology— which were first driven 
mainly by military concerns and then by the development of a commercial mar-
ket— to develop ever- more- complex models of the global climate system.16

F i g u r e  1 2 .  A global map of areas where the scientists involved in the First GARP Global 
Experiment (1978/79) planned to gather data from merchant ships (shaded) and commercial 
aircraft (bold lines). (Reprinted from figure 6.2 in Joint Organizing Committee of the Global 
Atmosphere Research Programme, The First GARP Global Experiment: Objectives and Plans, 
GARP Publications Series, no. 11 [Geneva: World Meteorological Organization and Interna-
tional Council of Scientific Unions, 1973], 17, with permission from the World Meteorological 
Organization.)
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As scientists globalized their studies of weather and climate, they also 
played a critical role in the emergence of a new set of institutions that sought 
both to accelerate globalization and to monitor and manage its environmen-
tal impacts. Most of the international institutions founded in the immediate 
postwar period (including the UN Food and Agriculture Organization and 
the World Bank) focused on promoting forms of economic development that 
would link the developing world more tightly into the global trade system. 
These development organizations were joined over succeeding decades by 
others that focused on the problems and inequities of development, including 
its negative environmental impacts. An important turning point was the 1972 
UN Conference on the Human Environment in Stockholm, which led to the 
establishment of the UN Environment Programme (UNEP) in Nairobi and 
firmly established the environment as a subject of international diplomacy.17 
Although UNEP was as explicitly pro- development as other UN agencies,  
its support was tempered by a concern for the environmental causes and con-
sequences of inequality among nations. This tempered developmentalism was 
reflected in one of its founding aims, which was to “effectively assist develop-
ing countries to implement environmental policies and programmes that are 
compatible with their development plans.”18 The same attempt to balance de-
velopment and its environmental impacts shaped the 1987 report by the World 
Commission on Environment and Development, Our Common Future, now 
remembered best for its introduction of the term sustainable development into 
widespread use.19 That report, in turn, influenced the 1992 UN Conference on 
Environment and Development, where representatives of the world’s nations 
agreed to “protect the integrity of the global environmental and developmental 
system,” including the climate system described in the IPCC’s First Assess-
ment Report.20

Globalization in the second half of the twentieth century also had material 
effects on the world that scientists were observing. The human impact on 
the planet accelerated in a variety of ways, including the appropriation of an 
ever- greater proportion of the land surface and fresh water for agricultural 
purposes, the extinction of numerous species, and the transformation of key 
biogeochemical cycles, including the carbon cycle. The cause of this “Great 
Acceleration,” as it has sometimes been called, was not simply that the human 
population had risen to more than six billion by the end of the twentieth cen-
tury or that an increasing proportion of that population was consuming energy 
and goods at unsustainable rates even as global inequality deepened.21 It was 
also that the connections between people living and working at great distances 
from one another grew so dense, rapid, and diverse that it became difficult if 
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not impossible to understand local changes in the material conditions of life 
without situating them in relation to faraway places and global processes. For 
example, the transformation of the ecosystems of the Great Lakes of North 
America by invasive mollusk and fish species was the result of global shifts 
in the economics and technology of shipping, while rising seas caused by the 
greenhouse gas emissions of developed nations threatened to displace coastal 
villages in Alaska and the Maldives alike. These were the results not just of 
growing populations and levels of consumption but also of thickening webs 
of connection among distant places and peoples.

The climate science of the late twentieth century would not have developed 
without the technological, economic, cultural, and political forms of globaliza-
tion that were also responsible, during the very same period, for dramatically 
expanding humanity’s environmental footprint. It therefore offers a partic-
ularly compelling example of a more general truism— namely, that improve-
ments in our understanding of the world around us depend on our relation-
ship to that world, and that relationship is always changing in ways large and 
small. It might be possible to imagine a scientist capable of observing the world 
without becoming entangled with it; in practice, laboratories must be built, 
personnel hired, instruments purchased, experiments conducted, field sites 
visited, and samples collected. None of these activities can be successfully pur-
sued in isolation. Moreover, when the object of research is a phenomenon that 
is global in scale, the practical work required to study it is, in some form or an-
other, necessarily global as well. It is therefore hardly a surprise that the global 
connections that made the Great Acceleration possible were also essential to  
the production of knowledge about the effects of that acceleration on the planet.

M o d e l i n g

Although the methods, data, and theories that constituted climate science in 
the late twentieth century were novel in many ways, the possibility that human-
ity could change the climate on both local and global scales had already been 
discussed by scientists for centuries, if not longer. As early as 1778, Buffon had 
suggested in his book The Epochs of Nature that by planting trees, setting fires, 
redirecting rivers, and otherwise altering the landscape, “man can modify the 
influences of the climate that he inhabits, and set it to the temperature that suits 
him.”22 Over the following century and a half, a number of scientists suggested 
that, in particular, carbon dioxide emitted by human use of fossil fuels might 
be capable of absorbing heat from the sun and thereby raising the planet’s 
temperature.23 Nonetheless, few scientists in the mid- twentieth century were 
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alarmed. For one thing, there was no reliable evidence of an increase in either 
of the two critical variables, global temperature or atmospheric carbon dioxide 
concentration. For another, it was obvious to all that scientists’ models of the 
climate system were highly oversimplified, omitting feedback processes that 
seemed fully capable of neutralizing any warming effect.24

Moreover, as scientists refined their understanding of the relevant physics, 
the theoretical difficulties with the idea of fossil fuel– driven global warming 
seemed to grow rather than shrink. Before the mid- twentieth century, most sci-
entists were convinced that a majority if not all of the carbon dioxide generated 
by human activities would be absorbed by the oceans, and moreover that the 
spectrum of thermal radiation blocked by carbon dioxide overlapped with that 
of water vapor, which was far more abundant in the atmosphere and would 
therefore render moot the effects of any increase in carbon dioxide levels. Fi-
nally, even among scientists who believed that rising carbon dioxide could lead 
to global warming, none were especially concerned. On the contrary, they saw 
it as an unintended but welcome byproduct of using fossil fuels to generate 
heat and power for human purposes. The British engineer and self- taught cli-
mate scientist Guy Stewart Callendar, for example, argued in a 1938 paper that 
increasing carbon dioxide concentrations would boost crop yields globally, 
while rising temperatures would expand agriculture in northern regions and 
delay what he described as the “return of the deadly glaciers.”25 In short, most 
mid- twentieth- century scientists did not believe that humanity was physically 
capable of warming the planet, and those who did thought there was little to 
fear from rising temperatures.

Only in the 1950s, when Earth scientists revised their understanding of 
carbon dioxide as a greenhouse gas in ways that made it clear that burning 
fossil fuels could cause both carbon dioxide levels and global temperatures to 
rise, did this mixture of skepticism and complacency begin to shift. Many of 
these findings emerged from institutions funded by the US military, including 
the Scripps Institution of Oceanography, then headed by Roger Revelle. In a 
landmark 1957 paper, Revelle and the physical chemist Hans Suess argued that  
the oceans were incapable of absorbing carbon dioxide quickly enough to 
prevent human activities from raising its concentration in the atmosphere.26 
Indeed, they calculated, the average atmospheric carbon dioxide concentra-
tion was already 3 to 6 percent higher than it would have been without the 
burning of fossil fuels. Drawing on UN projections of future fossil fuel use, 
they predicted that the carbon dioxide concentration would rise 20 to 40 per-
cent in the coming decades— an amount that would be “adequate to allow a 
determination of the effects, if any, of changes in atmospheric carbon dioxide 
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on weather and climate throughout the earth.”27 Around the same time, the 
physicist Gilbert Plass published a series of papers showing that an incom-
plete understanding of carbon dioxide’s absorption spectrum and the way it 
was distributed throughout the air column had led scientists to dramatically 
underestimate its effectiveness as a greenhouse gas.28 The result was that by 
the late 1950s the two main theoretical obstacles to accepting the geophysical 
possibility of anthropogenic climate change had been eliminated, making it 
easier for scientists to believe both that humanity could cause carbon dioxide 
levels to rise and that those rising levels could trap heat in the atmosphere that 
otherwise would have radiated into space.

Nonetheless, determining precisely how much global warming could be 
expected from a given increase in carbon dioxide concentrations and how 
that warming would affect temperature and weather in specific places required 
much more sophisticated models of the global climate than existed at the time. 
To develop such models, scientists drew on an area of research known as nu-
merical weather prediction (NWP) that had expanded in the years following 
World War II as meteorologists adapted computers originally built to simulate 
nuclear explosions to the purpose of forecasting the weather.29 Such simula-
tions tracked air currents and energy transfers from one part of the atmosphere 
to another in quantitative terms. Though originally designed to model short- 
term perturbations in local and regional weather patterns, with suitable modi-
fications these techniques could also be used to model the long- term evolution 
of the global climate system. The first such general circulation model (GCM) of  
the global climate was developed in the mid- 1950s by the meteorologist Nor-
man Phillips at the Institute for Advanced Study in Princeton, one of the main 
centers for NWP research.30 Though highly simplified, Phillips’s model was 
capable of reproducing the broad features of the global climate system using 
just a few basic physical equations. Its success inspired a number of more am-
bitious efforts by other research groups over the following decades.31 While 
initially crude, these GCMs became more powerful as meteorological datasets 
became more densely and evenly distributed across the globe, as scientists 
refined their understanding of the physical processes involved, and as faster 
computers made it possible to enhance the spatial and temporal precision of 
the models without slowing them beyond the point of usability.32

To test and refine these increasingly complex models, climate scientists 
sought out new sources of data that could reveal relationships between green-
house gases and climate both in the present day and over the course of Earth’s 
geological history. For the most recent periods, they could use direct measure-
ments of weather and temperature acquired by a growing global network of 
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standardized weather stations as well as from sensors attached to buoys and 
satellites. The WMO’s GARP initiative, which ran from the late 1960s to the 
early 1980s, was one important source of such data. Climate scientists also 
took advantage of detailed records of changing atmospheric chemistry, such as 
the measurements of carbon dioxide levels at the Mauna Loa Observatory in 
Hawaii begun by Charles David Keeling during the International Geophysical 
Year of 1957/58, when annually averaged carbon dioxide levels were around 
315 ppm.33 Continued over decades, Keeling’s measurements revealed a steady 
increase in average annual carbon dioxide levels at a rate of about 1.5 ppm 
per year.34 To reconstruct the relationship between atmospheric chemistry 
and climate for periods that were hundreds, thousands, or even millions of 
years in the past, scientists developed other methods, including the analysis 
of samples taken from ice cores, tree rings, and other proxies, some of which 
could be used to reconstruct not only past carbon dioxide levels but also the 
temperatures and weather patterns with which they were correlated.35

For the sake of simplicity, climate scientists initially used GCMs to model 
the atmosphere alone, ignoring the interactions with the oceans and sea ice 
that they knew were crucial to the global climate system. By the 1970s, how-
ever, they were able to take advantage of faster computers, new data, and better 
understandings of the basic physical processes to develop so- called “coupled” 
models of oceans, atmosphere, and ice that were capable of predicting the 
global and regional consequences of increasing carbon dioxide levels. In 1975, 
for instance, a group led by Syukuro Manabe at Princeton’s Geophysical Fluid 
Dynamics Laboratory developed the first such coupled model to include real-
istic representations of the shapes of oceans and continents.36 At the same time, 
climate scientists were developing GCMs that accounted for the complex role 
of atmospheric phenomena such as cloud cover and aerosol pollution, which 
were capable of both potentiating and mitigating carbon dioxide’s warming 
effect on the global climate system. At the National Center for Atmospheric 
Research in Boulder, Colorado, for example, Stephen Schneider developed 
a climate model that incorporated the cooling effect of airborne particles that 
reflected some portion of the sunlight striking the atmosphere before it could 
reach the surface. While Schneider’s model initially predicted that the cooling 
effect of aerosol pollution produced by burning fossil fuels might outweigh the 
warming effect of carbon dioxide, by the late 1970s it was clear that warming 
would dominate.37

However complex such coupled models of oceans and atmosphere might 
have become, they continued to leave out another set of important feedback 
mechanisms— namely, those arising from the responses of living beings to the 
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changing atmosphere and climate. In principle, for example, climate scientists 
knew that rising carbon dioxide could lead to faster vegetation growth, which 
would simultaneously absorb excess carbon dioxide in the atmosphere and 
reduce the reflectivity of the land surface. Both of these effects were capable 
of changing the relationship between fossil fuel use and global warming, al-
though in different directions— the reduction in carbon dioxide would de-
crease amount of heat trapped on the planet, while the decrease in reflectivity 
would increase it. Determining the precise strength of this and other interac-
tions between ecosystems and the climate system was essential to predicting 
climate change, but it was also well beyond the scope of existing models. In 
the 1980s, closing that gap became one of the main aims of the new interdis-
ciplinary field of Earth system science (ESS).38 Using techniques of remote 
sensing, computer modeling, and planetary science, ESS integrated studies 
and methods from across the physical and biological environmental sciences 
to understand the Earth system as a whole. Heavily promoted by the National 
Aeronautics and Space Administration in its early years, ESS gained a wider 
and more international base of support in 1987 with the establishment of the 
International Geosphere- Biosphere Programme (IGBP), a cooperative scien-
tific endeavor that eventually enrolled thousands of scientists from around the 
world. In the words of its first executive director, the Swedish soil scientist 
Thomas Rosswall, the IGBP aimed “to describe and understand the interac-
tive physical, chemical, and biological processes that regulate the total Earth 
system, the unique environment that it provides for life, the changes that are 
occurring in this system, and the manner in which they are influenced by 
human action.”39 Eventually continued for nearly three decades, the program 
helped coordinate a global network of scientists interested in the global climate 
as part of the broader study of the Earth system.

Even within the broad ambit of the IGBP, one important aspect of the future 
of the Earth system remained difficult to model in a rigorous way: the future ac-
tions of humanity itself. In the early years of global climate modeling, scientists 
estimated future inputs of carbon dioxide and other greenhouse gases into the 
climate system on an ad hoc basis using projections of population growth and 
economic development from institutions such as the UN Population Division 
and the World Bank. Since climate scientists were interested in knowing how 
changes to “business as usual” might affect climate, however, they also had to 
take into account the possible effects of proposed changes in laws, technology, 
economics, and land- use practices. In the late 1980s and early ’90s, the IPCC 
formalized these projections in the form of official “scenarios,” each of which 
represented a different hypothesis about how humanity as a whole would re-
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spond to the possibility of dramatic climate change over the coming century, 
ranging from business as usual to drastic cuts in emissions.40 These scenarios 
were, as the IPCC admitted, “inherently controversial because they reflect 
different views of the future.”41 Over the course of the 1990s, economists such 
as William Nordhaus developed quantitative models of the feedback between 
climate change and economic activity in an effort to make such projections 
more rigorous and less controversial.42 Known as integrated assessment mod-
els (IAMs), these models predicted how climate change would affect green-
house gas– emitting economic activities on regional and global scales and how 
those economic shifts would in turn affect the pace of climate change.

By following the progressive expansion and increasing complexity of global 
climate models from their beginnings in Phillips’s proof- of- concept GCM in 
the late 1950s to Nordhaus’s economically informed IAMs half a century later, 
we can see how models of the climate system were gradually transformed into 
simulations of the relationship between human civilization and the conditions 
it required to survive. At the beginning of this period, even though scientists 
had long suspected that human actions could influence the climate and vice 
versa, they did not attempt to incorporate into the models themselves any 
representation of the relationship between the organization of human societies 
and the fate of the Earth system. In those early models, human activities were 
reduced to external “inputs”— that is, estimates of the contribution of fossil 
fuel use to atmospheric carbon dioxide levels— with no attempt to model the 
reciprocal effects of climate on human societies. By the end of this period, at 
least some models, however reductive and contested they might still have been, 
were attempting to simulate the dynamic, reciprocal, mutually constitutive re-
lationship between human activities and the Earth system. In other words, 
scientists had begun to model the climate not just as an aspect of the physical 
Earth system but as an “environment” for human life.

M i t i g a t i n g

Even with the advances in modeling the climate system and its interactions 
with the biosphere and human activities that took place between the 1950s 
and the 1980s, most climate scientists still hesitated to make definitive claims 
about the magnitude or the timing of anthropogenic global warming, aware 
as they were of the complexity of the climate system and the continuing lim-
itations of their data and models. Nonetheless, by the early 1970s, they knew 
enough to worry that the burning of fossil fuels might sooner or later have 
disastrous consequences for the climate and for humanity, and some of them 
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began to search for forums where they could translate their concerns into ac-
tion. In preparation for the 1972 UN Conference on the Human Environment 
in Stockholm, for example, climate scientists contributed to several reports 
on the “global environment” that singled out the climate for special concern. 
One of these reports, prepared by the Scientific Committee on Problems of the 
Environment (SCOPE), emphasized the importance of establishing a “global 
environmental monitoring” system capable of improving humanity’s under-
standing of global warming and other threats.43 At the Stockholm meeting 
itself, imagery of the “whole Earth” and “one world” was ubiquitous, and 
climate change was discussed alongside other global environmental problems 
such as air pollution, water scarcity, overpopulation, and extinction. After 
the meeting, a quasi- official report by Barbara Ward and René Dubos, Only 
One Earth, included a section on emerging threats to the climate, oceans, and 
other aspects of the global “planetary order.”44 As these developments suggest, 
global warming had clearly found a place on the international policy agenda as 
an environmental threat to humanity as a whole by the early 1970s.

That place was nonetheless an uncertain one, particularly as the enthusiasm 
around the Stockholm meeting faded and attendees returned to the domes-
tic political contexts in which they conducted the majority of their work. As 
Ward and Dubos noted in Only One Earth, environmental problems that were 
fundamentally global in nature— that is, that were inherently the product of 
global- scale processes rather than simply being local- scale problems that hap-
pened to be visible everywhere on the globe— were difficult to address both 
through the domestic policies of individual nations and through conventional 
international diplomacy. Humanity’s “global interdependence begins to re-
quire, in these fields, a new capacity for global decision- making and global 
care,” they argued, which in turn depended on the emergence of a sense of 
“planetary community and commitment.”45 Ward and Dubos expressed hope 
that such a sense of planetary community was already emerging, and they 
pointed to the Stockholm meeting as an important milestone in its develop-
ment. Nonetheless, the practical challenges faced by various national environ-
mental movements and the tensions among geopolitical and economic blocs 
left little space for global concerns.46 With only a few exceptions, even the 
most globally oriented environmentalists concentrated instead on problems 
such as pollution and overpopulation that either affected all humans equally 
or that had identifiable local causes and consequences. As a global problem 
with varied and unpredictable consequences for individuals and regions— 
that is, a problem that was neither universal nor local in the senses important 
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to the environmental movement— climate change was an awkward fit to the 
environmentalism of the era.47

Following the Stockholm meeting, even those climate scientists who were 
willing to take a public stance on the urgency of climate change hesitated to call 
for immediate action, instead focusing their efforts on improving their basic 
understanding of the climate system in the hope that refinements to the science 
would eventually make clear the magnitude of the threat. Over the course of 
the 1970s and ’80s, this “science first” approach led to growing confidence 
among scientists that climate change needed to be taken seriously and that the 
best way to do so was to bring experts into direct contact with policymakers.48 
That was the main aim of the IPCC, which was established in 1988 as a joint 
project of UNEP and the WMO.49 Aware that climate science was extraordi-
narily complex and that any recommendation to curtail fossil fuel use globally 
would be highly controversial, the IPCC sought to secure the scientific and 
political legitimacy of its conclusions by bringing scientists together with rep-
resentatives of national governments to craft its assessment reports, each of 
which was the result of a multiyear process of negotiation and revision. This 
painstaking process was designed, in the words of the IPCC’s first chairman, 
the Swedish climate scientist Bert Bolin, to maintain the scientific integrity of 
the assessment while also coordinating “the interactions between the scientific 
community, stakeholders and politicians that might bring the issue forward 
politically.”50 In principle, if not always in practice, its procedures ensured that 
all nations and political positions were heard and that none would be allowed 
to exercise an undue influence.

The rapid progress from the IPCC’s First Assessment Report in 1990—  
which was widely accepted as an authoritative statement of the state of the art 
in climate science— to the drafting and ratification of the UNFCCC a few years 
later seemed to confirm the wisdom of this approach, but it also proved to be 
its last unqualified success. The limits of an internationalist, science- first ap-
proach became apparent at the 1997 Conference of the Parties to the UNFCCC 
in Kyoto, where negotiators sought for the first time to establish binding inter-
national regulations on greenhouse gas emissions. The Kyoto Protocol adopted 
at the end of the conference called for developed nations to reduce their 
average annual emissions of greenhouse gases to 5 percent below 1990 levels 
by a “commitment period” that ran from 2008 to 2012.51 Despite the fact that 
the establishment of a binding target of any kind was a major accomplishment, 
the protocol fell far short of climate activists’ hopes. Even if its targets were met, 
they recognized, it would do little to prevent global warming, since reducing  
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emissions to 5 percent below 1990 levels would still leave them high enough 
to continue raising atmospheric concentrations of greenhouse gases. More-
over, the treaty placed no restrictions on the emissions of developing nations 
such as China, India, or Brazil, which had vehemently opposed any attempt 
to restrict their economic growth in order to solve a problem they believed 
had been caused by the prior industrial development of Europe, North Amer-
ica, and Japan.52 Finally, at the urging of the United States— which opposed 
any provisions that challenged free market principles or threatened its global 
dominance— the protocol also included a number of “flexibility mechanisms” 
that allowed developed nations to pursue carbon- intensive “business as usual” 
while transferring wealth to developing nations that followed low- carbon  
development pathways. These included the Clean Development Mechanism 
(CDM), under which developed nations could fulfill their treaty obligations 
by paying developing nations to reduce carbon emissions or increase carbon 
“sinks” that removed carbon dioxide from the atmosphere (for instance, by 
planting trees).53

Over the years following the Kyoto conference, it became clear that the pro-
tocol’s modest targets, extensive exclusions, and liberal flexibility mechanisms 
had rendered it incapable of achieving its putative aim of slowing the pace of 
climate change. Even before it entered into force in 2005, having been ratified 
by a sufficient number of parties (but not the United States), its target reduc-
tions in carbon dioxide emissions were widely recognized as inadequate, as 
were its enforcement mechanisms. By the commitment period of 2008– 2012, 
the developed nations subject to the protocol had in fact managed to meet their 
targets, but some of them met it only with the help of the protocol’s flexibility 
mechanisms, and all benefited from the global economic slowdown resulting 
from the financial crisis of 2008.54 In other words, they met their targets mainly 
by paying for trees to be planted in developing countries and temporarily shut-
tering factories at home, not by permanently shifting to a low- carbon econ-
omy. Meanwhile, China— a developing nation that was not required to limit its 
emissions under the treaty— was estimated to have overtaken the United States 
as the world’s biggest greenhouse gas emitter sometime around 2006.55 Thus, 
the protocol had virtually no effect on the two nations that were most critical 
to mitigating climate change: the United States because it refused to ratify the 
treaty despite having successfully negotiated to weaken it, and China because 
it was explicitly excluded from the treaty’s most stringent requirements. As sci-
entists, activists, and diplomats prepared for a major Conference of the Parties 
to the UNFCCC scheduled for Copenhagen in 2009, it was evident that the 
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two global institutions created to establish consensus on climate change and to 
negotiate a global response to it, the IPCC and the UNFCCC, were foundering 
on the unresolved geopolitical tensions of the post– Cold War world.

As hope faded that the consensus- building, science- first, top- down ap-
proach of the IPCC and the UNFCCC would suffice to mobilize a global re-
sponse in a divided world, a new wave of climate activist organizations emerged 
to promote a different strategy. Although these organizations continued to sup-
port the kind of binding global agreements they hoped would be negotiated 
in Copenhagen, they put less faith in the power of climate science by itself 
to compel a reasonable and effective response, no matter how credible that 
science might be. Instead, they sought to mobilize a global grassroots move-
ment. Among the most successful of these new organizations was 350 .org, 
founded in 2008 by the writer and activist Bill McKibben and a group of former 
students at Middlebury College in Vermont after a decade of growing frustra-
tion with the failures of post- Kyoto climate policy.56 The origins of 350 .org lay 
in a “climate march” to Vermont’s state capital that McKibben organized in 
2006 to demonstrate that the climate was something that concerned not just 
scientists and diplomats but also ordinary citizens. Following the success of 
the march and similar actions elsewhere in the United States, Mc Kibben and 
his cofounders decided to launch a new organization that would harness the 
power of the internet to link dispersed demonstrations around the world with 
a unified call for climate action. They chose a name, 350 .org, that they believed 
would translate easily across linguistic and cultural barriers while also invok-
ing the results of a recent study by the climate scientist James Hansen and his 
colleagues, who had argued that humanity risked “irreversible catastrophic ef-
fects” if it failed to reduce atmospheric carbon dioxide levels below 350 ppm.57 
350 .org ’s first major campaign was an International Day of Climate Action on 
October 24, 2009, through which it hoped to influence negotiators at the up-
coming UNFCCC conference in Copenhagen. Epitomizing 350 .org ’s broader 
strategy, the campaign used photographs, images, and messages shared over 
the internet to link thousands of demonstrations— ranging in size from a few 
people to several thousand— into a single virtual protest on a global scale.58

By tracing the development of climate activism from the Stockholm con-
ference in 1972 to the Copenhagen Conference of the Parties to the UNFCCC 
in 2009, we can see how scientists, activists, and policymakers attempted to 
materialize the “planetary community and commitment” that Ward and Dubos 
had argued was essential to solving global environmental problems. There 
were some notable successes, including the creation of the IPCC in 1988 and 
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the adoption of the UNFCCC in 1992. Largely, though, this was a story of 
failure. In the geopolitical context of the late Cold War and its immediate af-
termath, any sense of planetary community was trumped by tensions between 
the Global North and the Global South. It was clear that the relatively wealthy 
residents of developed countries both benefited from and contributed to their 
own nations’ outsize role in causing global warming, for example, while often 
being insulated from its worst effects through their geographical good fortune 
and through their wealth. It was just as clear that the relatively poor residents 
of developing countries— who had neither contributed significantly to global 
warming nor benefited much from fossil fuel– based industrialization— were 
usually the most vulnerable. Even the relative success of nongovernmental or-
ganizations such as 350 .org in mobilizing global protests failed to overcome 
such entrenched interests and deep- seated differences. By the early twenty- 
first century, global humanity had therefore become an important object of 
knowledge and concern among scientists and activists, but it had failed to 
materialize as a political actor capable of taking responsibility for its own con-
ditions of survival.

F i g u r e  1 3 .  Protestors at a demonstration in Toronto organized to coincide with 350 .org ’s 
International Day of Climate Action on October 24, 2009. (Photograph by Flickr contributor 
Tania Lui, accessed May 6, 2019, https:// www .flickr .com /photos /75511860 @N00 /4041007007/, 
published under Creative Commons Attribution- NoDerivs 2.0 Generic License [CC BY- ND 
2.0].)
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T h e  G l o b a l  E n v i r o n m e n t  o f  t h e 
H u m a n  E n t e r p r i s e

In the early decades of the twenty- first century, as climate scientists and ac-
tivists struggled to articulate an effective response to the globally connected 
but locally variable threat of climate change, they adopted a concept that had 
first been used in print just a few years before: the “Anthropocene.” The first 
appearance of the term in print came in 2000, when the Dutch atmospheric 
chemist Paul Crutzen and the US aquatic biologist Eugene Stoermer published 
a brief article on the idea in an issue of the IGBP’s Global Change Newsletter.59 
At some point in the previous several centuries, Crutzen and Stoermer argued, 
the Earth system had left behind the Holocene epoch, which geologists under-
stood to have begun about 11,700 years ago with the end of the last ice age. In 
its place was a new geological epoch, the Anthropocene, which was defined 
instead by what they described as “major and still growing impacts of human 
activities on earth and atmosphere, and at all, including global, scales.”60 As 
a tentative starting point for the Anthropocene, Crutzen and Stoermer chose 
the late eighteenth century, when humanity’s global impact was just becom-
ing visible through increases in atmospheric concentrations of carbon diox-
ide and methane and when James Watt introduced his improved design for a 
steam engine— a technology whose impact was initially insignificant but which 
would become a major source of carbon dioxide emissions over the following 
century by making coal into an economically and technologically viable source 
of motive power.61 Since then, they argued, humanity’s global impact had ac-
celerated to the point that ensuring the “sustainability of ecosystems against 
human induced stresses will be one of the great future tasks of mankind.”62

The Anthropocene was not an entirely novel concept, as Crutzen and 
Stoermer were quick to admit. Its antecedents included some of the arguments 
in US diplomat George Perkins Marsh’s 1864 book Man and Nature, the Ital-
ian geologist Antonio Stoppani’s 1873 proposal for an “anthropozoic era,” and 
the concepts of biosphere and noösphere developed by Vladimir Vernadskii 
in the 1920s.63 Nor had these earlier insights been forgotten in the intervening 
years. The theme of a human- dominated planet had been repeatedly sounded 
in more recent discussions of global environmental problems, including those 
surrounding the 1972 UN Conference on the Human Environment in Stock-
holm. Maurice Strong, for example, the Canadian oil executive and environ-
mentalist who served as the Stockholm conference’s secretary general, argued 
that the “fundamental question” to be addressed was “how man is to manage 
the first planet- wide technological civilization in history.”64 Similarly, Ward and  
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Dubos’s report on the conference, Only One Earth, focused on “the continued 
ability of the earth to support future human civilizations,” while the 1987 report 
Our Common Future assumed that “the relationship between the human world 
and the planet that sustains it” had been profoundly changed in the twenti-
eth century.65 The idea that climate change in particular had transformed the 
world in ways that threatened the survival of human civilization had also been 
discussed in a number of works, including one of the first popular accounts of 
global warming, Bill McKibben’s 1989 The End of Nature.66

Some of Stoermer and Crutzen’s key insights and concerns were therefore 
already both longstanding and widely discussed by the time they introduced 
the term Anthropocene. Nonetheless, the discussion that followed had several 
distinctive features. One was that rather than being limited to environmental-
ist circles, the concept received the endorsement of a number of prominent  
scientists and scientific organizations. It was no coincidence that the news-
letter in which Stoermer and Crutzen first proposed the Anthropocene fo-
cused on the IGBP’s recent decision to shift from the basic science of the Earth 
system to an integrated understanding of human- driven global change— a shift 
for which the concept of the Anthropocene was tailor- made.67 The concept 
also benefited from having influential advocates. Crutzen, for example, was 
among the world’s leading atmospheric scientists, having been awarded the 
Nobel Prize in Chemistry in 1995 for his work on the depletion of the ozone 
layer in the 1970s and ’80s.68 When he restated his and Stoermer’s arguments 
for the Anthropocene in the prestigious journal Nature in 2002, he lent the 
concept instant scientific credibility, even though the geologists responsible 
for developing a standardized nomenclature of Earth’s geological periods had 
yet to begin discussing its formal adoption.69 In 2004, the concept’s scientific 
credibility was further enhanced when it was used in Global Change and the 
Earth System: A Planet under Pressure, an IGBP report that synthesized the 
program’s findings and charted its path forward.70 Like Crutzen and Stoermer, 
the report’s authors, led by IGBP executive director Will Steffen, argued that 
human activity had profoundly transformed “Earth’s environment” since the 
late eighteenth century, when new technologies and modes of production had 
inaugurated a period of exponentially increasing consumption of fossil fuels.71

Beyond its endorsement by influential scientists such as Crutzen and Stef-
fen and international research initiatives such as the IGBP, there were other 
critical differences between the concept of the Anthropocene and earlier ways 
of indicating humanity’s power to reshape the world. In particular, the con-
cept was closely connected to Earth system science and the IGBP, which 
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offered a way of understanding Earth as a dynamic system that was capable 
of shifting rapidly from one state of temporary equilibrium to another in re-
sponse to seemingly small changes in the organization of the system or the 
inputs it received from its environment. As climate scientist Wallace Broecker 
famously put it, studies of the global climate over the course of the planet’s 
history had revealed that “far from being self- stabilizing, the Earth’s climate 
system is an ornery beast which overreacts even to small nudges.”72 The 
burning of fossil fuels, advocates of the Anthropocene idea argued, was just 
such a “nudge.” By altering the carbon cycle that had kept the global climate 
system in some semblance of stability over the course of the Holocene, fos-
sil fuel– based industrialization had catapulted the entire Earth system into a 
new state. Unlike earlier discussions of humanity’s impact on the planet, from 
Marsh’s Man and Nature to Ward and Dubos’s Only One Earth, the concept 
of the Anthropocene implied that such changes could be sudden, total, and 
irreversible.73

At the same time that advocates of the concept of the Anthropocene em-
braced a new understanding of the environment, they also proposed a new 
kind of entity for whom this environment mattered— namely, “human civili-
zation” or the “human enterprise,” which they argued had flourished under 
the conditions of the Holocene but would probably struggle to survive in the 
Anthropocene. This idea was central to the work of Steffen, for example, a 
biogeochemist who became one of the most prominent advocates of the con-
cept following the publication of the 2004 IGBP report. Like Crutzen, Steffen 
saw the advent of the Anthropocene as a dangerous rupture in Earth’s history 
that threatened to lead to the collapse of “planetary life- support systems” if 
not managed properly.74 While that collapse would inevitably affect many 
nonhuman forms of life, its significance lay primarily in its effects on “the 
natural envelope of environmental variability that provides the conditions 
for human life on the planet.”75 The idea of a set of Holocene conditions that 
needed to be maintained for the sake of the continuation of the human en-
terprise was also central to the idea of “planetary boundaries” introduced in 
2009 by the Swedish sustainability scientist Johan Rockström and a group of 
prominent global change scientists that included Crutzen and Steffen.76 Only 
if humanity could manage to keep greenhouse gas emissions, bio diversity 
loss, and other impacts within certain limits, they argued, would the Earth 
system continue to provide a supportive “‘planetary playing field’ for the 
human enterprise.”77

The concept of the Anthropocene also suggested the need for a dramatic 
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change in the nature of environmental expertise.78 If the impact of human civ-
ilization on the Earth system rivaled the forces of nature, as advocates of the 
concept argued, then any attempt to keep that system within the “planetary 
boundaries” would demand expertise in human civilization as much as ex-
pertise in geophysics, climate science, and other areas of the physical earth 
sciences. Since human culture was now a key factor in the development of the 
Earth system, the work of artists, writers, and filmmakers would have to be 
considered alongside ocean currents and weathering processes. At the same 
time, scholars of literature, art, history, sociology, anthropology, economics, 
and other disciplines in the humanities and social sciences would need to 
understand not just how human societies functioned but also how the Earth 
system was changing. Climate change, biodiversity loss, and global biogeo-
chemical cycles would have to be taken into account in their studies of nations, 
markets, cultures, and novels. As the historian Dipesh Chakrabarty has ar-
gued, the Anthropocene threatened to render obsolete “the age- old humanist 
distinction between natural history and human history.”79 With the survival of 
human civilization dependent on an Earth system that had changed radically 
in the past and was in the process of changing radically once again, old dis-
ciplinary walls could no longer stand. Henceforth human civilization and the 
Earth system would have to be studied together.

By investigating the debates around the Anthropocene that have unfolded 
over the past two decades, we can see how the introduction of a compelling 
and seemingly all- encompassing new concept did not render older concepts 
obsolete, even if it did require them to be articulated in new ways. Indeed, 
rather than abandoning the concept of environment, advocates of the Anthro-
pocene idea continued to give it a prominent place, even as they redefined it 
as the set of planetary conditions that were necessary to the continued expan-
sion of the human enterprise. The 2004 IGBP report, for example, explained 
the Anthropocene in terms of pervasive changes to what it called “Earth’s 
environment”— that is, the conditions provided by the Earth system for the 
survival of life in general and of human civilization in particular. This was a 
variation of the concept of environment that would likely have been alien to 
some of the earlier users of the term, including the universalist environmental-
ists of the 1960s and ’70s, for whom the fate of human civilization per se was of 
less concern than the health and well- being of individuals and communities. 
Nonetheless, the theorists of the Anthropocene were building on and respond-
ing to such previous articulations of the concept of environment in order to 
fashion a distinctive environmentalism of their own.
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F r o m  O n e  G l o b a l  E n v i r o n m e n t  t o  M a n y

Going into the 2009 Copenhagen conference, activists had high hopes that 
it would result in global limits on greenhouse gas emissions that would sig-
nificantly slow or even reverse the progress of climate change. They were en-
couraged in those hopes by several auspicious developments, including the 
awarding of the Nobel Peace Prize to the IPCC and to Al Gore for his film 
The Inconvenient Truth in 2007 and the success of ambitious new nongovern-
mental organizations such as 350 .org in raising global concern about climate 
change. In the event, however, the Copenhagen conference resulted only in 
a last- minute, nonbinding accord between the United States, China, India, 
Brazil, and South Africa that was “taken note of ” but not officially approved 
by the conference as a whole and that was widely denounced by activists as 
inadequate.80 As the conference came to an end, observers almost universally 
declared it a failure.81 In its wake, climate activists retrenched and, in some 
cases, gave in to despair. In books with titles such as Requiem for a Species 
and Reason in a Dark Time, they argued that the battle to prevent catastrophic 
climate change had been lost and that the most humanity could now hope for 
was a gentle descent.82 Even McKibben, whose 350 .org continued to push for 
drastic cuts to carbon dioxide emissions, contributed to this pessimistic turn 
with his 2010 book Eaarth: Making a Life on a Tough New Planet. “Insofar 
as our goal was to preserve the world we were born into,” he wrote, 350 .org 
and its allies had clearly failed.83 Climate activists should continue to seek re-
ductions in greenhouse gas emissions since even minor improvements would 
reduce future suffering, he argued, but no matter how successful they were, it 
was too late to prevent the familiar planet Earth from being transformed into 
a strange and inhospitable “Eaarth.”

The failure of the Copenhagen conference amplified shifts that had already 
begun in previous years as the ratification process for Kyoto dragged on and its 
provisions came to seem more and more inadequate. Among these shifts was 
an growing willingness among activists to discuss climate “adaptation” as well 
as climate “mitigation”— that is, preparing to cope with the inevitable effects 
of climate change even while continuing to seek to prevent the worst outcomes 
by reducing emissions. Before Copenhagen, many activists had regarded talk 
of adaptation as a dangerous distraction from efforts to reduce emissions, and 
moreover a distraction that was often promoted in bad faith by opponents 
of any type of climate regulation whatsoever. After Copenhagen, even the 
most resolute advocates of reducing emissions began to accept the necessity 
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of preparing for some amount of global warming. While some argued that 
the negative consequences of rising temperatures and carbon dioxide levels 
could be avoided through such simple technological fixes such as building sea 
walls or adopting drought-  and heat- tolerant varieties of staple crops, others 
argued that more fundamental social and economic adjustments would be 
necessary. McKibben, for instance, argued that the people most likely to thrive 
on “Eaarth” were those who strengthened the environments and communi-
ties closest to them by getting to know their neighbors, becoming active in 
government and civil society, consuming food and other essential goods that  
had been produced locally, and minimizing waste and pollution. Doing so 
would not prevent climate change– related hardships entirely, he argued, but 
it would allow life to continue and perhaps even in some ways to improve, as 
people built more “resilient” communities and ecosystems.84

In addition to raising the profile of climate adaptation, the failure of nego-
tiations in Copenhagen also added momentum to a growing interest in “geo-
engineering” the global climate system directly by blocking solar radiation, 
fertilizing the oceans, or extracting and storing atmospheric carbon.85 Long 
considered a taboo topic by climate scientists and activists, geoengineering 
gained a prominent advocate in 2006, when Crutzen published an article dis-
missing the belief that the UNFCCC process would be able to prevent climate 
change as a “pious wish” and encouraging research on the injection of reflective 
sulfate particles into the upper atmosphere to reduce the amount of sunlight 
reaching Earth’s surface.86 Even if carbon dioxide emissions continued to rise, 
he argued, the resulting reduction in solar energy would keep the planet from 
warming. Highly controversial when Crutzen proposed it, the idea became 
increasingly normalized in subsequent years. In the United Kingdom, for ex-
ample, a 2009 report by the Royal Society made a similar argument about the 
failure of the UNFCCC process, noting that “global efforts to reduce emis-
sions have not yet been sufficiently successful to provide confidence that the 
reductions needed to avoid dangerous climate change will be achieved.”87 It 
was time, the report argued, to begin studies of geoengineering’s feasibility 
even if the ultimate wisdom or necessity of deploying it on a scale large enough 
to change the climate remained in dispute. In 2010, a team of researchers in 
the United Kingdom launched the Stratospheric Particle Injection for Climate 
Engineering (SPICE) project, with the aim of testing precisely the technique 
for releasing reflective particles into the atmosphere that Crutzen had sug-
gested. Although SPICE was ultimately canceled for reasons that had nothing 
to do with its scientific value or practical feasibility, the very fact that it was 
funded and approved reflected a new openness to technological fixes for cli-
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mate change after the failures of the diplomatic approach taken at Kyoto and 
Copenhagen.88

Even among those who remained focused on reducing greenhouse gas 
emissions, the failure of the UNFCCC process provoked a change in strategy. 
For a number of activists, it was clear that the formal structure of UN treaty 
negotiations and the conceptual underpinnings of global climate activism were 
no longer sufficient, even if they remained necessary. Both Kyoto and Copen-
hagen had revealed that negotiations within the framework of the UNFCCC 
were captive to the interests of powerful individual nations or blocs of nations 
with aligned interests. Specifically, while the United States remained skeptical 
of the reality of climate change, let alone the need to take immediate action, 
the group of developing nations led by China had adamantly resisted con-
straints on their economic development for the sake of preventing a problem 
they argued had been caused by the developed nations. Working under these 
constraints since 1992, the UNFCCC had proven incapable of doing more 
than convening the world’s nations for fruitless discussions. Even more fun-
damentally, activists grew dubious of the notion that climate change posed  
a singular challenge to humanity as a whole that could be addressed through a 
global gathering of nations. The range of variation in responsibility for and vul-
nerability to climate change was so wide that there were few contexts in which 
concepts such as “humanity as a whole,” “human civilization,” or the “hu-
man enterprise” had any practical meaning, and the UNFCCC’s oft- repeated 
phrase, “common but differentiated responsibilities,” increasingly seemed like 
an empty formula. All of humanity might be connected to the global climate 
system, but each part of humanity was clearly connected in its own unique way 
and at multiple scales of time and space.89 Climate activism would succeed, 
many of them concluded, only if it approached these variations as a source 
of strength rather than as a weakness to be overcome. This same insight was 
brought to bear on the idea of the Anthropocene, which some critics saw as 
a concept that ignored important human differences rather than as one that 
unified humanity to meet a common global threat.90

Without abandoning the UNFCCC process or the global scale on which it 
operated, activists therefore began to concentrate their time and resources on 
strengthening local responses and building translocal networks. That is, they 
focused on ways of reducing greenhouse gas emissions and adapting to climate 
change that were rooted in particular places, such as cities, states, provinces, 
or tribal territories, but were also bolstered by their connections to similar 
efforts in other places throughout the world. Protests led by indigenous activ-
ists against the construction of oil and gas pipelines in the United States, for  
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instance, were intensely local in their politics, economics, and cultural commit-
ments, but their success hinged on the fact that they were densely networked 
to movements and activists elsewhere, even when the specific nature of the 
threats faced by those allies differed.91 Similarly, residents of Arctic commu-
nities threatened by vanishing sea ice and melting permafrost responded not 
only by taking action locally but also by establishing alliances with vulnerable 
communities elsewhere.92 Meanwhile, municipalities throughout the devel-
oped and developing worlds adopted climate action plans in order to reduce 
their contributions to global warming, prepare for the hardships to come, and 
learn about strategies and tactics from other municipalities facing similar chal-
lenges. In 2015, for example, seventeen large cities in Europe, North Amer-
ica, Japan, and Australia announced their membership in the Carbon Neutral 
Cities Alliance, which aimed to reduce their cities’ emissions by at least 80 per-
cent by 2050 regardless of what was decided by their national governments or 
negotiated at the next Conference of the Parties to the UNFCCC.93

Even UNFCCC negotiations focused less and less on what had long been 
their primary aim: creating a governance framework capable of regulating the 
relationship between the climate system and the human enterprise, both un-
derstood as singular and global. This reorientation was evident at COP21, the 
twenty- first Conference of the Parties to the UNFCCC, which was held in 
Paris in December 2015. By the end of the conference, negotiators had agreed 
to aim for an increase in global temperature of no more than 2 degrees Celsius, 
and ideally 1.5 degrees if possible, with each nation committing to pursue an 
emissions reduction plan suitable to its own needs and capacities. When the 
Paris Agreement was announced, it was hailed as the first real progress on 
climate change since Kyoto. In the words of one New York Times reporter, it 
represented a “historic breakthrough on an issue that has foiled decades of 
international efforts to address climate change.”94 The apparent success of 
COP21, however, masked a significant change in aims and methods, and in 
some ways a real retreat. Rather than establishing common standards for the 
world’s nations to follow, the Paris Agreement allowed each nation to set its 
own Nationally Determined Contributions (NDCs).95 Moreover, despite the 
creation of a new system for monitoring progress toward those NDCs, the 
agreement lacked any significant enforcement mechanisms. In this sense, while 
it did establish a framework for facilitating and verifying climate action on mul-
tiple scales, it abandoned the kind of binding global commitments that many 
climate activists had long demanded. Whether the promises of the Paris Agree-
ment would be fulfilled depended on the voluntary decisions of individual na-
tions in the years to come, not on the collective action of humanity as a whole.
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Climate scientists also reconsidered the strategy that had led them to found 
the IPCC in 1988— namely, the strategy of building scientific consensus in 
the hope that it would drive rational policy decisions. To make this strategy 
effective, they had believed, it was necessary to maintain a certain distance 
from the political process that would ultimate determine how their findings 
were used. Bolin, for example, the IPCC’s first chair, argued that it was “es-
sential that the different roles of the scientific community and the political 
institutions were kept apart.”96 That separation became difficult to maintain 
as the urgency of the climate threat grew and as the UNFCCC process failed 
to produce significant results. In response, some scientists and scientific or-
ganizations abandoned the pretense that they were passionate about scientific 
discovery alone, instead admitting their research was motivated by a concern 
with the fate of humanity on a changing planet. As the IGBP prepared for its 
target end date of 2015, for example, it joined three other major Earth system 
science research initiatives to lay the groundwork for a new initiative called 
Future Earth, which sought to place sustainability and equity at the foundation 
of scientific inquiry rather than seeing them as issues to be addressed only after 
scientific consensus had been firmly established.97 In other words, the plans 
for Future Earth intentionally blurred the distinction between science and 
policy that had been critical to the initial framing of the IGBP. Even the IPCC, 
which remained focused on expert analyses of the present and future condi-
tion of the climate system, increasingly sought to account for both the politics 
of knowledge production and the social implications of its findings. In 2018, 
for example, its special report on the possibility of keeping global warming be-
low 1.5 degrees was prominently framed in terms of sustainable development 
and the eradication of poverty.98

In these developments, we can see how scientists and activists responded 
to the failure of an approach centered on a single global threat to a singular hu-
man enterprise by crafting an alternative variant of the concept of environment 
that implicitly recognized the inherent multiplicity of both the human enter-
prise and its global conditions of possibility. Even if every resident of the planet 
shared the same global climate, they argued, their ways of encountering that 
climate were often so radically different that there was little of significance that 
one could say that would apply all of them. For some agricultural communities, 
for example, the acceleration of plant growth due to higher levels of carbon 
dioxide would be the most significant consequence of humanity’s use of fossil  
fuels, possibly even a beneficial one; meanwhile, rising temperatures, rising 
waters, or the increasing variability and unpredictability of weather patterns 
would have transformative impacts on the lives and livelihoods of other com-
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munities. Similarly, while reducing greenhouse gas emissions might be the 
most effective response for some and geoengineering might be more appealing 
to others, certain communities would undoubtedly decide that their needs 
were best served by “business as usual.” In short, every community would 
be affected by changes to the Earth system, but there was no single impact 
that was common to them all, nor any single policy that would address all 
their needs. In this sense, one might even say that there were multiple global 
environments, each defined in relation to a particular “human enterprise.”99

*

At several points in the First Assessment Report published by the IPCC 
in 1990, the scientists who had authored it warned that climate change was 
“potentially the greatest global environmental challenge facing humankind,” 
echoing language that dated back to the 1972 UN Conference on the Human 
Environment, if not earlier.100 They might also have said that it was greatest 
challenge ever faced by climate scientists, who found themselves in need of 
methods for predicting changes in the enormously complex Earth system for 
decades or centuries to come, even as human activities were changing the 
system in front of their eyes. Only by developing such methods would they 
be able, they believed, to diagnose the nature and severity of the threat and to 
present a convincing plan of action to policymakers and to the public. From a 
certain perspective, then, the history of climate change as a public issue tracks 
closely with the development of a global community of scientists and the meth-
ods they used to make the “global climate system” into an object of knowledge 
and concern.

Although this community and set of methods did not emerge overnight, 
they were also not merely continuations of older efforts. Over the course of 
the Cold War period, as technological, geopolitical, and economic processes 
tied the world’s peoples closer together and accelerated the human impact on 
the planet, climate scientists painstakingly built the elements of the system that 
would eventually make possible something like the IPCC’s First Assessment  
Report— that is, a set of authoritative claims about the state of the global cli-
mate that was endorsed by a global community of scientists. This system con-
sisted of various components, including the satellites, weather stations, and 
human observers that gathered standardized data, the computer models that 
transformed the data into simulations of the past, present, and future of the 
climate system, and institutions like the IPCC, where scientists collectively 
identified a set of claims they believed could credibly be supported by those 
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data and models. It was in these diverse ways that climate scientists materi-
alized, for themselves if not for humanity as a whole, the kind of planetary 
community that Ward and Dubos had called for in 1972.

If creating a planetary community of climate scientists was difficult, extend-
ing that community to humanity as a whole proved to be virtually impossible. 
As we can see in the history of climate change activism, it was much easier to 
assert the existence or necessity of a planetary community than it was to bring 
such a community into being. In the case of the UNFCCC, the assumption that 
the negotiators at Kyoto, Copenhagen, Paris, or the many meetings in between 
could be treated as unproblematic representatives of their nations was quickly 
shown to be unfounded. The United States, for example, repeatedly negoti-
ated agreements that subsequently failed to be ratified by the US Congress or 
to be supported by the majority of the American people. Moreover, even when 
negotiators could be treated as legitimate representatives of their respective na-
tions, it was clear that the United Nations lacked the moral or legal authority to 
create a global community out of a fractious collection of independent nation- 
states and blocs of nation- states with shared interests. Even the transnational 
activism of a group like 350 .org could go only so far to create a genuine sense 
that all the world’s peoples were or should be engaged in a common project.

By examining climate scientists’ and activists’ adoption and adaptation of 
the concept of environment during this period, we can see how its meaning 
shifted in relation to a new master term, Anthropocene. In some respects, the 
concept of the Anthropocene threatened to displace the concept of the envi-
ronment from its reigning position. By invoking it, scientists, activists, artists, 
and scholars were able to point to many of the concerns that had animated 
environmental activism without ever uttering the word environment— at least, 
in principle. In practice, however, both the concept of environment and the 
word itself continued to play a critical role in discussions of the Anthropo-
cene, as Crutzen and Stoermer’s use of “environment” and “environmental” 
in their original 2000 article on the Anthropocene and the 2004 IGBP report’s 
discussion of the “Earth’s environment” both suggest. What changed was not 
the utility of the concept of environment, but how it was measured and mate-
rialized and what kind of entity it was defined in relation to— in this case, an 
abstraction called the “human enterprise” or “human civilization” that proved 
easier to imagine than to mobilize against the threat of climate change.

When we situate climate change activism in relation to the long history 
of environmental thought, it appears as one of the most ambitious and per-
haps most tragic attempts to forge a sense of solidarity among diverse people 
by showing them how their lives and livelihoods depend on a shared set of 
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external conditions that they themselves are responsible for maintaining in 
good condition. As previous chapters have shown, such efforts have often 
succeeded, and those successes are one of the reasons that the concept of envi-
ronment has continued to be adopted and adapted to new circumstances and 
aims. In the case of the global environment, however, the social and material 
obstacles to establishing such a sense of solidarity have been enormous— even 
greater, in fact, than those faced by the universalist environmentalism of the 
environmental movement of the 1960s and ’70s, which ultimately did not de-
pend for its success on unifying humanity on a global scale. The failure of the 
concept of environment to function well when expanded to the scale of planet 
Earth is one of the reasons why a small but growing number of people have 
begun to question whether the concept is still useful in our changing times. 
This is the question to which we turn in the conclusion.



Over the past two centuries or so, from naturalists’ first inklings of the idea 
that they could productively study life in terms of “organisms” and their “en-
vironments” to the latest campaigns by climate activists to protect the “global 
environment” of the “human enterprise,” the concept of the environment has 
been enormously generative. Among scientists, it has inspired the develop-
ment of a wide range of instruments and research practices that have produced 
groundbreaking discoveries into how living beings are organized in relation 
to their surroundings. More broadly, it has been used to call attention to the 
material conditions of existence and has served as a reminder that no organism 
or community can survive in isolation. It has suggested new ways of improving 
the health of human individuals and populations, as well as new techniques for 
managing resources in ways that lead to prosperity and security. It has helped 
reveal the toxic risks hidden among the consumer abundance produced by 
industrial economies. It has been used to establish political solidarity among 
diverse groups of people, as well as to identify the distinctive inequities and 
injustices faced by each particular group. Among historians and other scholars 
in the humanities and social sciences, it has provided a reminder that human 
meaning and experience emerge in a material world. Perhaps most importantly, 
it has provided a framework for people to recognize their common dependen-
cies on one another and on their shared surroundings and to join together to 
sustain and improve them.

There is therefore ample reason to celebrate the history of environmental 
thought. Nonetheless, as one can plainly see in each of the episodes described 
in this book, the concept of environment has been deployed in ways that were 
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already being criticized during their own times and that with hindsight seem 
unquestionably counterproductive, or even unjust. On the most general level, 
by drawing a bright line between living beings and their surroundings while 
emphasizing the necessary connections between them, the concept paradox-
ically made it easier for some people to argue that those surroundings could 
be exploited without restraint, so long as it was in the service of human needs. 
In the context of nineteenth- century European imperialism, moreover, the 
concept of environment was used to support claims about deep- seated racial 
differences and to justify public health and sanitation measures that reinforced 
the hierarchical structures of empire. In industrializing cities, it was used to 
frame social reform programs that, despite the democratic impulses of leaders 
such as Jane Addams, often veered into condescension and exacerbated social 
inequalities. Coupled to skepticism regarding the ability of ordinary citizens 
to understand the “real environment” around them, it could even be turned 
against democracy itself. Between the two world wars, technocrats from the 
left and the right embraced the concept of environment to justify centralized, 
top- down, expert control of the resources of their nations and of the globe. 
As it became the conceptual core of a new social movement in the second half 
of the twentieth century, it paradoxically tempted many to a kind of environ-
mental universalism— that is, toward assuming that all people have or desire 
the same kinds of relations to their surroundings. Finally, adapted to the global 
challenge of climate change at the end of the twentieth century, the concept of 
environment helped experts give the impression that they were speaking on  
behalf of all humanity even as they ignored the specific needs and vulnerabil-
ities of particular human groups.

If many of these old modes of thinking and acting environmentally were 
already problematic in their own times, they have become only more so today. 
One reason is that the world itself has materially changed in ways that trouble 
some of the assumptions on which environmental thought has been based 
across its many variations. The rapidly advancing science and technology of 
gene modification, for example, has made it easier to produce organisms whose 
relationship to their respective environments is not the result of adaptation but 
rather one of intentional human design. At the same time, as the concept of the 
Anthropocene seeks to capture, the environments in which those organisms 
live are increasingly being shaped by human action on scales ranging from 
the molecular to the planetary. When both organisms and their surroundings 
are at least partially products of human design (or even human whim), it be-
comes harder for scientists to identify the kinds of natural regularities in the 
relationships between them that have been the focus of environmental thought 
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over the past two centuries. Meanwhile, the intellectual, institutional, and eco-
nomic frameworks that long made it seem both reasonable and productive 
to divide the world into individuals and their environments are shifting un-
predictably, blurring old boundaries and destabilizing old certainties. As it 
becomes less and less clear who “we” are, it becomes harder and harder to 
say anything meaningful about “our” environment. It is not unreasonable to 
conclude that these growing complexities and uncertainties make the concept 
of environment less compelling than it once was, not merely because we better 
understand its flaws but also because those flaws are more troubling in today’s 
changed world than they once were.

The troubled history and uncertain future of the concept of environment 
help explain the appeal of the critiques of “environment” that have been 
offered in recent years, including those by Bruno Latour and Donna Har-
away mentioned at the beginning of this book. Both of these scholars have 
suggested— albeit in the form of questions rather than declarations— that it 
might be time to retire the concept of environment in favor of alternatives 
that are better suited to the contemporary moment. Although their critiques  
of environment are new, the foundations of those critiques are longstanding. 
Since the 1980s, for example, Latour and other contributors to the research 
program known as Actor- Network- Theory have criticized models of society 
and nature premised on the idea that certain entities are capable of action while 
others are only capable of being acted upon— a kind of division of the world 
that is common to many, though not all, forms of environmental thought.1 
When Latour writes in his recent book Down to Earth that Earth should be 
seen as “an agent that participates fully in public life” rather than as “the milieu 
or the background of human action,” we can hear echoes of his more general 
critique of any approach that designates large swaths of the world as condi-
tions for action rather than potential sources of action.2 For her part, Haraway 
has long critiqued the ideal of the autonomous individual subject that is central 
to Enlightenment liberalism and much of contemporary politics by showing 
how it obscures various forms of embodied labor and interdependence in ways 
that bolster patriarchy, colonialism, racism, and capitalism.3 In her recent Stay-
ing with the Trouble, she suggests that we ought to think of life not in terms of 
relationships between organisms and their environments but rather in terms 
of what she calls “sympoiesis”— that is, a process by which entities are contin-
uously being reproduced through their entanglements with each other rather 
than through their efforts to maintain their autonomy.4

Latour and Haraway are just two of a number of voices that have emerged 
in recent years to critique the concept of environment and to suggest alter-
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natives that do not involve dividing the world into “organisms” and “envi-
ronments,” however those may be conceived. Emphasizing the porosity and 
permeability of living bodies and the often surprisingly lively properties of 
nonliving entities, scholars such as Tim Ingold, Stacy Alaimo, Timothy Mor-
ton, and Jane Bennett have proposed concepts such as “trans- corporeality,” 
“the meshwork” (or simply “the mesh”), and “vital materialism” to charac-
terize a world that cannot easily be divided into autonomous beings and their 
conditions of existence.5 While each of these scholars offers an analysis with its 
own distinctive nuances, they all share the conviction that the world consists 
of complex entanglements among living and nonliving entities and that it is 
therefore a mistake to designate one entity as the center of action and interest 
while reducing the rest to its “environment.” By focusing on these complex 
entanglements, they hope to provide the foundation for more just and effective 
ways of encountering our surroundings. As of yet, none of these alternatives 
has been widely adopted, and considering the scholarly language in which 
they have been expressed, it seems unlikely that they will be anytime soon 
(although given that environment also began its modern career as an obscure 
technical term, it is not unthinkable that some of these terms may eventually 
come to seem just as transparent and indispensable). Nonetheless, they show 
that it is possible to speak compellingly about many of the things that concern 
environmentalists without referencing “environments” at all, let alone “the 
environment” of contemporary environmentalism.

Is it time, then, to abandon the concept of environment in favor of one of 
these alternatives, or perhaps another of our own devising? Given that scholars 
concerned with transcorporeality, the meshwork, and so forth seem to be just 
as concerned about toxic pollutants, biodiversity loss, and climate change as 
the most conventional environmentalists are— and in many cases offer much 
the same set of solutions— it might be tempting to dismiss such discussions as 
merely “academic” in the worst sense of the term and to continue using “envi-
ronment” as a handy if imprecise label for a common set of interests. Indeed, 
some scholars in the environmental humanities have argued that we should 
do just that. If the choice of concepts is, however, as this book has argued, 
materially consequential— that is, if it influences not only how we think, talk, 
and write but also who we ally ourselves with and against and what we do and 
make together— then a critical examination of the concepts we choose to use 
remains essential. One potential consequence of such an examination is that 
we may discover that a once- essential concept has become untenable as our 
circumstances and aims have changed. For this reason, it seems worth taking 
seriously the critiques of the concept of environment and the alternatives that 
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have been offered. The kind of “environmentalism” we seek to build, or not 
to build, will depend on what we find.

As the previous chapters have shown, the question of whether a concept is 
useful and appropriate to a given set of circumstances and aims cannot be an-
swered in the abstract, whether we are considering the past, present, or future. 
For both principled and practical reasons, the concluding pages of this book 
therefore offer neither a general prescription for how our concept of environ-
ment should change nor even a definitive conclusion about whether it should 
be retained or abandoned. There are too many variations on the concept and 
too many circumstances and aims in relation to which they would have to 
be evaluated for such a universal answer to be possible or desirable. Instead, 
the following vignettes suggest some of the ways in which “environment” is 
actually being reworked under specific circumstances, for specific purposes, 
and by specific groups of people today. Each of these ways is distinctive, but 
all of them have in common the explicit use of the term environment as well 
as some kind of relationship, however conflicted, with the histories traced 
out in this book. None of them depict the borders between bodies and their 
surroundings as rigid or impermeable, hitch their fates to those of expanding 
empires, reinforce racial distinctions or other social hierarchies, divide the 
physical environment from the social or cultural environments, or attempt to 
impose a single temporal or spatial scale of analysis, global or otherwise. Be-
yond these similarities, they are wide- ranging, diverse, incomplete, and some-
times contradictory— characteristics that suggest not only that the history of 
the concept of environment is still being written, but that we may be living 
through one of its most complex and generative moments yet.

E n v i r o n m e n ta l  S c i e n c e  i n  t h e  C r i t i c a l  Z o n e

In 2007, a multidisciplinary group of scientists at Penn State University joined 
with researchers from ten other institutions to launch a new research initiative 
focused on a small water catchment not far from the university’s campus in 
central Pennsylvania. Since then, the Shale Hills Critical Zone Observatory, 
as the initiative is called, has sought to bring the expertise of geologists, hy-
drologists, meteorologists, soil scientists, and plant physiologists to bear on a 
question with broad- ranging implications— namely, how the site’s soils have 
been produced and transformed over time by geochemical, hydrological, bio-
logical, and geomorphological processes, including climate change since the 
beginning of the Holocene and forest clearing associated with European col-
onization.6 To answer this question, they have developed a system of sensors 
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and sampling protocols capable of generating a detailed record of the site’s 
processes, from precipitation levels and wind speeds to the rates at which 
sap flows through different species of trees to changes in the dissolved solids 
in groundwater.7 Back in the laboratory, they have combined these data with 
high- resolution three- dimensional maps of the land surface to develop com-
putational models of the flow of water through the system and its effects on 
soil erosion. Over the years since its founding, as the initiative has grown both 
in the number of researchers involved and the extent of the field site, the ini-
tiative’s ambitions have expanded even further. Beyond simply characterizing 
the current state of the catchment, it has also sought to use these models to 
“earthcast” future changes likely to result from human activities.8

The research at Shale Hills is part of a broader research network organized 
around the concept of the “critical zone,” first elaborated in a 2001 report on 
research opportunities in the Earth sciences issued by the US National Re-
search Council.9 The report identified a need for interdisciplinary research on 
“the heterogeneous, near- surface environment in which complex interactions 
involving rock, soil, water, air, and living organisms regulate the natural habitat 
and determine the availability of life- sustaining resources.”10 Following the 
NRC report, the National Science Foundation (NSF) supported a series of 
workshops that led to the foundation of the Critical Zone Exploration Net-
work in 2006, a website and online community that helped an international 
community of interdisciplinary Earth scientists coalesce around the con-
cept.11 The first major funding for critical zone observatories (CZOs) came 
in 2007, when NSF awarded multiyear, multimillion- dollar grants to research 
collaborations— one to the Shale Hills CZO, another to a site on the east-
ern edge of the Rocky Mountains in Colorado, and the third to a site on the 
southern edge of California’s Sierra Nevada mountain range.12 In subsequent 
years, as the US network of CZOs continued to expand, the concept gained 
traction internationally, with new CZOs planned or established in Germany, 
Australia, China, and elsewhere.13 In many cases, these CZOs were based on 
already existing research sites, but they sought to study those sites in new 
ways. In 2015, for example, the French government launched OZCAR, a crit-
ical zone network incorporating twenty- one existing sites into a new research 
infrastructure.14 The new scientific subfield has even come to the attention of 
social scientists; Bruno Latour, for example, has identified it as one of the most 
promising ways of studying Earth in the Anthropocene.15

The growth of the CZO network reflects the appeal of a new way of or-
ganizing research across scientific disciplines and scales of time and space. 
On one hand, CZOs resemble other kinds of well- established field sites for 
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research in ecology, geomorphology, agronomy, forestry, and soil science— and 
indeed, they are often developed at or near research sites of these kinds, where 
they can take advantage of existing infrastructure and data sets. In the United 
States, for example, many CZOs are colocated with or adjacent to sites within 
the Long- Term Ecological Research (LTER) network that was established 
in the early 1980s, in part in response to the failures and lessons of the US 
participation in the International Biological Programme.16 CZOs also share 
with climate science and Earth system science an interest in global processes, 
and specifically with anthropogenic impacts on biogeochemical cycles. On 
the other hand, critical zone science is distinctive in its attempt to produce 
multidisciplinary, multitemporal understandings of single, well- defined sites, 
which are often defined in terms of watersheds. Unlike most LTER sites, for 
example, CZOs focus as much on physical processes such as weathering, 
erosion, and geological and climatological changes spanning thousands or 
even millions of years as they do on living organisms and their relationships  

F i g u r e  1 4 .  An illustration of a heavily instrumented critical zone observatory site. (Re-
printed from “NSF Awards Grants for Four New Critical Zone Observatories to Study Earth 
Surface Processes,” National Science Foundation, News Release 14- 008, n.d., accessed May 3, 
2019, https:// www .nsf .gov /news /news _images .jsp ?cntn _id = 130115 & org = NSF.)
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over minutes, days, or years. The result is a form of scientific research that is 
inherently multidisciplinary, expansive in its temporal scope, and conscious 
of global processes, but also intentionally limited to the distinctive dynamics 
of a particular site.

This new way of organizing scientific research around the multidisciplinary 
study of physical processes at a single site has implications for the way critical 
zone scientists define and deploy the concept of environment. To some extent, 
the concept of the critical zone has displaced the concept of environment, such 
that when critical zone scientists describe their work, they sometimes use the 
term critical zone in places where one might expect to find environment in-
stead. Rather than abandoning the concept of environment entirely, however, 
critical zone scientists have explicitly claimed to be contributing to our collec-
tive store of environmental knowledge, albeit in new and distinctive ways. For 
example, critical zone scientists tend to speak and write about “environments” 
in the plural, as befits their focus on in- depth studies of physical and biological 
processes at particular sites; according to a 2014 NSF pamphlet, the aim of the 
CZO program is to establish “observatories in many environments to study 
Earth’s outer skin.”17 The site- based character of critical zone science also 
changes the way it represents the relationship between environments and the 
things they surround. Rather than focusing on the environment of a particular 
organism or community, as ecologists have traditionally done, it considers the 
conditions for survival and flourishing of all the forms of life, including hu-
mans, that reside within a particular watershed or other clearly defined site. 
In this way, critical zone scientists have fashioned a variation on the concept of 
environment that is suited to a research program as vast in its temporal scope 
as Earth system science and as rooted in place as soil science.

By situating critical zone science in relation to the history of environ-
mental thought that has been traced in this book, we can see how it con-
tinues many of the same questions and approaches of earlier scientific 
“environmentalists”— that is, people who organized their research around 
the concept of environment— even as it challenges some of their key prem-
ises. Indeed, critical zone scientists themselves argue that they are recovering 
and revitalizing older visions of environmental science, particularly Vladimir 
Vernadskii’s biogeochemical vision of the biosphere and the ecosystem ecol-
ogy of Raymond Lindeman, G. Evelyn Hutchinson, and the Odum brothers 
that it helped inspire.18 At the same time, it differs significantly from those 
earlier approaches. In comparison to ecosystem ecology, for example, critical 
zone science is more attentive to physical processes, long- term geological and 
climatological changes, and human activities as integral parts of the systems 
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under study rather than as external “inputs.” By placing it alongside other 
environments and environmentalisms of the past, we can also see more clearly 
some of its limits and constraints. Because it focuses on the interface between 
land, air, and water, for example, it has thus far had little to say about oceanic 
environments. In this and other ways, it is clear that critical zone science is un-
likely to provide a model applicable to life in all forms and under all conditions, 
even if it does transform our understanding of terrestrial life. Finally, situating 
it in relation to the history of environmental thought invites us to consider the 
material relations and broader environments in which it operates and to ask 
what changes would be necessary— both to those conditions and to critical 
zone science itself— to make its versions of environment and of environmen-
talism thrive more broadly.

T h e  I n d i g e n o u s  E n v i r o n m e n ta l i s m  o f  t h e 
W a t e r  P r o t e c t o r s

In April 2016, a group of indigenous activists led by LaDonna Brave Bull Al-
lard set up a camp near the confluence of the Missouri River and its trib-
utary Cannon ball River, just outside the northern border of the Standing 
Rock Reservation. The aim of the camp was to stop the construction of the 
Dakota Access Pipeline (DAPL), the project of a company called Energy 
Transfer Partners. Since 2014, the company had been planning to construct a 
1,172- mile- long, 30- inch- diameter pipeline from the Bakken oil fields in North 
Dakota to a tank farm in Illinois, where the crude oil would be stored before 
being shipped onward to refineries to the south and east.19 By early 2016, the 
company had obtained all the necessary permits from the various state govern-
ments involved; the only regulatory hurdle it still faced was a set of easements 
from the Army Corps of Engineers that were necessary for the pipeline to cross 
under Lake Oahe, a reservoir on the Missouri River that stretches more than 
230 miles from central South Dakota into North Dakota— much of it along 
the border of the Standing Rock Reservation. The protest at the Sacred Stone 
Camp was the culmination of several years of growing frustration among the 
Standing Rock Sioux over the failure of the company and state and govern-
ment regulators to take their concerns seriously. Over the course of the spring 
and summer of 2016, thousands of people joined them at several nearby camps, 
eventually constituting the largest single indigenous- led protest movement in 
recent US history.

The protests at Sacred Stone Camp, at the much larger Oceti Sakowin 
Camp, and at various points along the pipeline sought to stop construction 
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through direct action and to bring pressure to bear on the US government to 
withhold the necessary easements. With their slogan “Water is life” (or mni 
wiconi in the Lakota language), the self- described “water protectors” asserted 
the importance of water over the interests of private corporations and the reg-
ulators and law enforcement agencies that supported them. For many of the 
Standing Rock Sioux and other tribes located along the Missouri River, the 
“black snake” of DAPL represented an existential threat to their water, their 
sacred sites, and their treaty- guaranteed land rights. Their fight was eminently 
local, in that it was entangled both with the practical importance of the Mis-
souri River (Mni Sose) to the Standing Rock Reservation and with its experi-
ence of repeated betrayals by the US government, beginning with the unilateral 
abrogation of mid- nineteenth- century treaties signed with the Oceti Sakowin, 
the Seven Council Fires of the Great Sioux Nation.20 At the same time, the 
#NoDAPL movement quickly gained a number of other allies representing a 
wide range of concerns, from violations of indigenous rights in other parts of 
the world to global climate change to racial and economic injustices. These 
distant allies were mobilized in part through indigenous activists’ use of so-
cial media to circulate images and ideas and to build networks that extended 
globally even as they remained focused on their own concerns and histories. 
Early in December 2016, the effectiveness of this translocal strategy seemed to 
be confirmed when President Barack Obama ordered the Army Corps of Engi-
neers to prepare a full environmental impact statement before issuing a permit, 
which effectively postponed the pipeline for years to come. The victory proved 
short- lived, however, as many of the leaders of #NoDAPL suspected it might 
be. Within days of being sworn in as president in late January 2017, Donald 
Trump instructed the corps to expedite its review, which it completed within 
a few weeks. The remaining sections of the pipeline were finished in April, 
and as much as half a million barrels of Bakken oil per day soon began to flow 
under Lake Oahe.21

Despite its failure to stop the pipeline, the #NoDAPL campaign was an 
important milestone in a growing indigenous movement to protect land and 
water from extractive industries and their allies in government.22 Concerned 
with such threats as toxic waste, global warming, and biodiversity loss, the 
movement shared aims with the environmental justice movement as it had de-
veloped since the 1980s (a movement which itself had been powerfully shaped 
by indigenous activists) but it also differed both in its tactics and in its moral 
and ontological foundations. The Standing Rock Sioux and other indigenous 
participants in the #NoDAPL protests staked their moral authority not only 
on the universal right to a healthy environment but also on their belonging  
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to a particular place and on the histories of oppression and dispossession that 
had stripped them of a voice in decisions like the one permitting the pipeline to 
cross the Missouri. In their slogan “Water is life,” the protestors asserted a spe-
cial relationship between the life of their community and the life of particular 
lands and waters, which they understood in terms that were spiritual, cultural, 
and historical as well as biological and physical.23 Meanwhile, in addition to 
deploying the forms of mass civil disobedience that had been central to many 
twentieth- century social movements, including movements for indigenous 
rights as well as the environmental movement, they also took advantage of so-
cial media to construct networks that linked together disparate local concerns 
across great distances— a tactic that made them more similar to movements 
like Black Lives Matter than to conventional environmentalism.24

Even though many of those who participated in #NoDAPL did not identify 
themselves as “environmentalists”— and indeed, explicitly sought to distance 
themselves from the environmental movement— the concept of environment 
nonetheless continued to play an important role in the protests. To some ex-
tent, the framing of the issue as “environmental” was strategic, a response to 
legal structures that made it one of the most effective ways of challenging proj-
ects such as DAPL. Just as environmental justice activists of previous decades 
had drawn on the expertise and resources of environmental organizations 
despite their skepticism toward “environmentalism” as a label, the Standing 

F i g u r e  1 5 .  A banner at the Oceti Sakowin Camp on late November 2016 displaying the 
motto “Mni wiconi” (Water is life). (Photograph by Flickr contributor Becker1999 [Paul and 
Cathy Becker], accessed May 4, 2019, https:// www .flickr .com /photos /becker271 /31015368944/, 
published under a Creative Commons Attribution 2.0 Generic License [CC BY 2.0].)
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Rock Sioux turned to the environmental law organization Earthjustice for sup-
port in their lawsuit against DAPL and the Army Corps of Engineers, which 
relied heavily on the National Environmental Policy Act and its requirement 
for an environmental impact statement. Beyond such legal contexts, however, 
indigenous activists also adopted and adapted the concept of environment to 
their own purposes, even as they rejected the stereotype of the “noble sav-
age” or “ecological Indian” that has often been deployed by nonindigenous 
environmentalists.25 The Indigenous Environmental Network, for example, 
which played an important role in organizing the #NoDAPL protests, had 
been linking environmental concerns to indigenous rights since its founding in 
1990.26 Similarly, speaking with Amy Goodman of Democracy Now! soon after 
Trump’s decision to expedite DAPL’s approval in early 2017, the chairman of 
the Standing Rock Sioux Tribe, Dave Archambault II, emphasized the im-
portance of assessing the pipeline in light of its impact on “tribal lands, treaty 
rights, human rights, the environment for this nation.”27 Reinterpreted in the 
light of land claims of indigenous nations and of an understanding of land and 
water as kin rather than as property or resources, the concept of environment 
helped activists make clear that their struggle to protect water was about en-
suring the conditions that would allow them to survive and thrive as a people.

By situating the indigenous environmentalism of recent years in relation 
to the histories of environments and environmentalisms traced in this book, 
we can see how it both differs from and builds on what came before. Like 
the earlier environmental justice movement to which indigenous people had 
already made significant contributions, it has called attention to the unequal  
distribution of environmental risks while echoing the claims of universal hu-
man vulnerability and human rights advanced by the mainstream environmen-
tal movement. Unlike much of the environmental justice movement, however, 
it has done so not in terms of the classic sociological categories of race, class, 
and gender but rather in terms of cultural, historical, spiritual, and material 
connections to particular places and to the histories of settler colonialism 
that threaten those places and the people who inhabit them.28 Protecting 
the environment, from this standpoint, means protecting the relationships of 
people with deep ties to a particular place, which are distinct from the rela-
tionships to the same place that people without those ties might have. As the 
#NoDAPL campaign showed, this version of environmentalism succeeds best 
when people who are tied to one place find allies among people whose ties 
lie elsewhere— and even then it often fails in the face of concerted opposition 
from powerful corporations and governments. Whether this evolving form of 
indigenous environmentalism will have more success in the future remains to 
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be seen. Like critical zone science, its future is still in the making, contingent 
on changes in the world around it and in how it puts its vision into practice.

E n v i r o n m e n ta l  A r t  f o r  t h e  A e r o c e n e

In December 2015, as negotiators gathered in Paris for the twenty- first Con-
ference of the Parties to the UNFCCC (COP21), the Argentine artist Tomás 
Saraceno and his team were installing two giant silvered mylar spheres in the 
Grand Palais as part of an artistic program that aimed to inspire reflection on 
global warming.29 Heated by sunlight shining through the palace’s vaulted 
glass roof, the two spheres rose and fell as the air within them expanded and 
condensed in response to the changing temperature. Designed as part of a 
collaboration between Saraceno and scientists at the Massachusetts Institute 
of Technology, the balloons bridged science, art, and activism by repurpos-
ing a technology first used by the French aerospace program in the 1970s to 
lift atmospheric sensors into the stratosphere. The installation represented a 
new iteration of Saraceno’s longstanding interest in unpowered flight, includ-
ing work that began in 2007 with Alberto Pesavento and others to create the 
Museo Aero Solar, a floating “museum” consisting of used plastic bags taped 
together into a giant solar- powered balloon. As the Museo Aero Solar was 
exhibited in a series of cities around the world over the succeeding years, it 
gradually became one component of a more ambitious project, the “Aerocene,” 
which sought to foster a speculative vision of a fossil fuel– free world in which 
global mobility was powered entirely by wind and sunlight.30

Since the installation at the Grand Palais for COP21, the Aerocene project 
has mobilized the collective expertise and enthusiasm of a global network 
of artists, scientists, activists, and other participants, now organized under 
the umbrella of the Aerocene Foundation. Some of these collaborators have 
worked on improving the design of the balloons themselves, including develop-
ing do- it- yourself (or in the project’s preferred terminology, “do- it- together”) 
kits that allow anyone with a minimum of skill to assemble and launch a solar 
balloon or even build one from scratch themselves.31 Others with expertise 
in aeronautics and atmospheric science have developed a “float predictor” 
that models the path that a balloon driven by wind currents at a given altitude 
would follow— a first step in making it possible for a solar- powered balloon 
to navigate predictably, if circuitously, from one place on the surface of the 
globe to another by raising or lowering its altitude to catch the appropriate 
wind currents. As these speculative projects are developed, artists and activists 
have taken advantage of existing technologies to launch Aerocene balloons 
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on every continent, including Antarctica. In October 2018, the project set a 
record for exclusively solar- powered human balloon flight when six volunteers 
were kept aloft by a tethered balloon for more than an hour at a site southeast 
of Paris.32 While the project remains a long way from its utopian vision of a 
world of fossil- free mobility, it continues, in the words of a manifesto released 
in 2018, to take steps toward “a new epoch beyond the Anthropocene, towards 
the decarbonisation of the air, and towards independence from fossil fuels.”33

While the Aerocene project stands out for its longevity and for the num-
ber and diversity of participants it has enrolled, it is just one of a number of 
recent artistic projects that go beyond merely representing the environmental 
crisis or reenacting it in miniature— long the most common ways of practicing 
“environmental art”— to making material contributions to the solution of envi-
ronmental problems, often in close collaboration with scientists, activists, and 
laypeople.34 Such projects respond not only to the widespread perception of 
an environmental crisis that cannot be solved through consciousness- raising 
alone but also to the conditions for producing and selling art today, when a 
global network of museums, galleries, and art fairs has transformed the work 

F i g u r e  1 6 .  An Aerocene balloon heated by solar reflectors at Tomás Saraceno’s Albedo 
installation at Art Basel Miami Beach in 2018. (Courtesy of the Aerocene Foundation, accessed 
May 4, 2019, http:// aerocene .org /albedo, published under a Creative Commons Attribution– 
ShareAlike 4.0 International License [CC BY- SA 4.0].)
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of certain celebrity artists into speculative investments for wealthy collectors 
even while most artists struggle to survive.35 Facing this dual crisis in the con-
ditions for human well- being and the possibility of socially meaningful art, 
some artists have embraced a countervailing practice that emphasizes collab-
orating with experts and affected communities to address issues of pressing 
concern. Like the Aerocene’s solar- powered balloons— which are meant to be 
sublimely beautiful at the same time that they reduce humanity’s greenhouse 
gas emissions— such art seeks to generate affective and aesthetic effects while 
also accomplishing various kinds of practical work. Many of these projects link 
fine art, industrial design, community engagement, and environmental activ-
ism in the hope that artistic interventions can have a life beyond the gallery.36

Given its embrace of science and technology, its speculative and even play-
ful character, and its vision of an airborne way of life, the Aerocene might be 
seen as a postenvironmentalist project that addresses issues conventionally 
understood as “environmental”— including climate change, air pollution, 
biodiversity loss, and resource scarcity— while rejecting the methods and 
categories of environmentalism. As Sasha Engelmann, a geographer who has 
been closely involved with the Aerocene project, has written, it consists of “a 
series of techniques that occur neither in subjects nor in the environmental 
milieu, but unfold in the choreographic relations between bodies, materials, 
devices and sites.”37 In her focus on relations among disparate entities rather 
than on relations between living beings and their surroundings, Engelmann 
echoes some of the critiques of the concept of environment that have emerged 
in recent years, and in fact two of the most prominent authors of those cri-
tiques, Tim Ingold and Timothy Morton, have written appreciative essays 
on the project.38 At the same time, the concept of the environment, suitably 
adapted to new circumstances and aims, continues to do useful work for the 
Aerocene. The home page of the Aerocene website, for example, describes 
the project as an “interdisciplinary artistic endeavor that seeks to devise new 
modes of sensitivity, reactivating a common imaginary towards achieving an 
ethical collaboration with the atmosphere and the environment.”39 Similarly, 
the Aerocene Manifesto calls for building “a less anthropocentric relationship 
with the environment” and learning to “re/entangle ourselves with the sur-
rounding milieu.”40 The Aerocene project has thus reinvented the concept of 
environment for its own purposes rather than abandoning it; it is not posten-
vironmental but instead environmental in a new way.

Situating the Aerocene in the long history of related but distinctive ways of 
materializing the concept of environment helps us see how certain critiques 
of the concept of environment that are compelling when applied to its most 
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recent or most dominant variations become misleading when extended to all 
the diverse ways the concept has been articulated and materialized over its 
two- century- long history, including the variety of alternative environmen-
talisms that are emerging today. In fact, some of the commentators on the 
Aerocene acknowledge as much, even as they continue to advocate for alter-
native concepts such as the “mesh” or “transcorporeality.” Morton’s writing 
on the Aerocene, for example, suggests both that the project points the way 
to a postenvironmental future and that it shows us that “an environment is 
a necessarily dynamic, unstable thing that surrounds and penetrates us. We 
are part of it, and we exceed it. We are it, and we aren’t it.”41 In the midst of a 
challenge to the dominant way of imagining the environment, in other words, 
is a revitalization of the concept in a novel guise. Of course, whether this vision 
of a dynamic and unstable environment can become the foundation of a new 
kind of environmentalism capable of spreading beyond the rarified world of 
the contemporary art market remains to be seen. Much depends on how the 
Aerocene project puts its utopian vision into practice and whether it can find 
allies, human and otherwise, who can help make its commitment to a fossil 
fuel– free future a reality.

T h e  E n v i r o n m e n ta l  H u m a n i t i e s  i n  t h e 
C h a n g i n g  U n i v e r s i t y

Over the past decade or so, something called the “environmental humanities” 
has rapidly made inroads into teaching and scholarship in the humanities. 
Even though it is not always clear precisely what that something is, classes 
have been taught, speaker series have been organized, journals have been 
founded, essay collections have been published, and major grants have been 
awarded on the basis of the belief that the environmental humanities represent 
an important new direction in scholarship— in particular, one that combines 
traditional modes of research and teaching with efforts to address the envi-
ronmental crisis that reach beyond the classroom and the library. Building on 
discussions of the “ecological humanities” already in progress for a number 
of years, the environmental humanities first took institutional form in the early 
2010s.42 In 2012, for example, a group of scholars in Australia founded a new 
journal called Environmental Humanities in order to “support and further a 
wide range of conversations on environmental issues in this time of growing 
awareness of the ecological and social challenges facing all life on earth,” while 
a group of historians of science and technology at Sweden’s Royal Institute of 
Technology (KTH) founded an Environmental Humanities Laboratory with 
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the aim of creating a “post- disciplinary intellectual environment that com-
bines education, research and graduate training in innovative ways and sets 
knowledge in the humanities into action to favour sustainable development.”43 
In the United States, the institutionalization of the environmental humanities 
accelerated after 2014, when the Andrew W. Mellon Foundation began dis-
tributing several million dollars in grants to expand environmental humanities 
programs at universities.44

While many definitions of the environmental humanities have been of-
fered, all of them tend to include several core characteristics.45 One of those 
characteristics is multidisciplinarity; the field seeks to build bridges among 
environmental history, ecocriticism, environmental philosophy, and other sub-
fields and specializations in the humanities that in some cases have existed 
since the emergence of the modern environmental movement but which have 
nonetheless rarely been brought into dialogue with one another. Another is 
an emphasis on bringing experimentation and practical engagement into play 
alongside the kind of close reading, contextualization, and critical reflection 
that has traditionally been the focus of scholarship in the humanities. This 
emphasis on experimentation and practice may be one of the reasons that the 
image of the humanities “laboratory”— as in the Environmental Humanities 
Laboratory at KTH or the Laboratory for Environmental Narrative Strategies 
at the University of California, Los Angeles— is as prominent as it is in the 
field’s rhetoric. The use of “laboratory” language also points to another distin-
guishing characteristic of the environmental humanities— namely, its focus on 
fostering collaboration not only among scholars in adjacent disciplines within 
the humanities, but also between humanities scholars and natural scientists. 
Finally, most definitions of the environmental humanities include a hefty dose 
of political engagement, including efforts to ameliorate interlinked social and 
environmental injustices.

Beyond its strengths as a way of understanding complex environmental 
issues, the rise of the environmental humanities at this particular historical 
moment can be attributed to several other factors, including changing ideas 
of environmental expertise and the shifting place of the humanities within the 
university system. As the effectiveness of a top- down, science- first approach 
to climate change and other global environmental issues has come into ques-
tion, the value of expertise in the humanities has become clearer. The idea of 
the Anthropocene, for example, with its emphasis on the role of humanity in 
determining the future of the Earth system, has helped justify bringing the hu-
manities and social sciences into science and policy discussions. As the Swed-
ish historian Sverker Sörlin has argued, “In a world where cultural values, 
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political and religious ideas, and deep- seated human behaviors still rule the 
way people lead their lives, produce, and consume, the idea of environmentally 
relevant knowledge must change.”46 At the same time, however, scientist- led 
efforts to take into account the “human dimensions” of global environmental 
change have often been based on a superficial understanding of scholarship 
in the humanities ( just as scholars in the humanities often have a superficial 
understanding of the science they draw on).47 In this context, the institution-
alization of the environmental humanities provides an opportunity for human-
ities scholars themselves to lead the conversation about what they can contrib-
ute to addressing the environmental crisis. A second factor in the rise of the 
environmental humanities is the changing place of the humanities in higher 
education. As students and administrators turn their attention to science, tech-
nology, engineering, and mathematics, the humanities have struggled to define 
and defend their relevance, and the environmental humanities gives them an 
institutional and intellectual framework for doing so.

Although the concept of environment is undoubtedly central to the environ-
mental humanities, there is something of a paradox in the field’s engagement 
with the concept. Some of its most prominent scholars either seem uninter-
ested in the concept or, when they do pause to reflect critically on it, conclude 
that it is of dubious value. For the former group, the term environment suffices 
as a convenient label for a wide range of concerns about the material condi-
tions of life on Earth, particularly when those conditions are being changed 
for the worse by human actions. In other words, it conveys an interest in the 
kinds of issues conventionally associated with the environmental movement. 
It is a label that is readily legible to colleagues, students, administrators, and 
grantmaking agencies, they conclude, and to the extent that it suffices to attract 
resources and bring people with common interests into conversation, further 
critical reflection seems unnecessary and perhaps even counterproductive. As 
Rob Nixon has argued of the term environmental humanities, the most impor-
tant consideration is “what kind of work is it enabling, rather than trying to 
finesse from an intellectual stance whether it’s the correct term or the incorrect 
term or whether it’s superannuated.”48 Even those scholars who believe that 
the concept of environment is both important and complex enough to warrant 
careful study often arrive at the same conclusion. Generally focusing on only 
the most recent and dominant variations, they conclude— quite reasonably, 
given the limits they have set on their inquiry— that “environment” is a poor fit 
to today’s circumstances and aims. Nonetheless, even as they propose various 
experimental alternatives, most of them continue to describe their work as 
“environmental,” for much the same practical reasons that the first group does. 
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The curious result is that most scholars in the environmental humanities seem 
to have tacitly agreed that “environment” is a convenient label, and little more.

By situating the environmental humanities in relation to the diverse forms 
of environmentalism described in the previous chapters, we can see how the 
critical impulse that has driven some scholars to challenge the concept of envi-
ronment might be turned in a more productive direction. Instead of critiquing 
a variation on the concept of environment and an associated form of environ-
mentalism that they have defined in advance— usually based on the “official” 
environmentalism of government agencies and NGOs— scholars in the envi-
ronmental humanities might deploy their critical tools to better understand the 
diverse environments and environmentalisms that actually exist in the world 
and to advocate for those that seem most promising. A few scholars have al-
ready begun explicitly doing such work, while many others are doing it im-
plicitly. Embracing environmental pluralism frees us from the need to decide 
once and for all on the “best” way of thinking and acting environmentally— a 
task as likely to be as unhelpful as it is difficult. Rather, because scholars in the 
humanities are trained to question fundamental concepts and to be sensitive 
to subtle nuances in meaning, they are uniquely well equipped to serve as in-
terpreters of and mediators between radically different ways of encountering, 
experiencing, and representing our environments. Whether the environmental 
humanities will be able to play that mediating role depends not only on choices 
that humanities scholars are making in their scholarship, teaching, and public 
engagement efforts, but also on whether the world is interested in hearing what 
they have to say.

*

The historiography of environmentalism is often practiced as the search for 
the origins of environmentalism either as it exists today or as the historian 
wishes it might be. For the most part, such histories assume that what an envi-
ronment is has always been obvious; the only thing up for debate is how that 
self- evident entity has been imagined, managed, damaged, improved, or other-
wise affected by humanity. To the extent that historians have sought to histori-
cize the environment itself as an object of knowledge and concern, they have 
tended to locate its origins in the emerging environmental movement of the 
mid- twentieth century. This book has taken a different approach: it has sought 
to understand what people in the past have meant and how they have acted 
when they claimed to understand their surroundings as “an environment” (or 
“the environment”). It has argued, moreover, that by broadening the definition 
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of environmentalist to include everyone who approaches the world in terms 
of environments, we can also learn something about environmentalism in the 
more conventional sense of the word. In particular, we can learn that the way of 
thinking about and acting toward one’s surroundings that has conventionally 
been defined as “environmentalist” is only one of the many ways that people 
have sought to improve their relationships their surroundings, and that one of 
conventional environmentalism’s biggest flaws may be its tendency to assume 
that it offers the only proper way of doing so.

At its most basic, then, this book is an attempt to demonstrate in historical 
terms the value of environmental pluralism— that is, the idea that an important 
step toward ensuring that our surroundings support the kinds of lives we want 
to lead is recognizing that our own way of encountering those surroundings 
is only one of many possible ways, each of which may be appropriate to par-
ticular circumstances and aims. To be clear, this is not to say that anything 
goes, or that any particular variant on the concept of environment is as good 
as any other. On the contrary, it makes our criteria for a good environmental-
ism even more stringent, since such an environmentalism must be precisely 
tailored to meet the circumstances and aims of a particular time and place as 
well as comprehensible to people in other times and places. Moreover, given 
that even in our diversity there are many things we still share and that many 
of the circumstances that shaped past environmentalisms continue to operate 
today, there are some desiderata that any emerging environmentalism should 
satisfy, be it the scientific environmentalism of the critical zone, the indigenous 
environmentalism of the #NoDAPL movement, the artistic environmentalism 
of the Aerocene, or the scholarly environmentalism of the environmental 
humanities. We will, for example, probably want such environmentalisms to 
acknowledge that the boundaries of the entities they are concerned with are 
permeable and changeable, to reckon with the ongoing legacies of European 
colonialism and the forms of scientific racism and social hierarchy associated 
with them, to provide a convincing account of the entanglement of social and 
physical environments, and to be capable of moving between multiple scales 
of time and space.

Finally, even as we look for variants on the concept of environment and 
the environmentalisms that correspond to them, we will want to find envi-
ronmentalisms that not only recognize their own limits but also seek to form 
productive and ethical connections to other environmentalisms. It is here that 
scholarship in the environmental humanities in general and in the discipline 
of history in particular may be of some use. If the history of past environments 
and environmentalisms reveals anything, it is that no environmentalism is suf-



What Might the Environment Become? 213

ficient unto itself; every form of environmentalism that has sought to become 
universal has inevitably done violence both to living beings and to the condi-
tions those beings require to survive and to thrive. The more we know about 
the range of environmentalisms that have existed in the past— each materializ-
ing its own distinct variation on the concept of environment— the less likely it 
is that we will be seduced by the mirage of a single, perfect, all- encompassing 
environmentalism. In short, recalling the multiple pasts of environmentalism 
may be one of the most effective means we have of nurturing its many possible 
futures.
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