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To acT eThically—when we do so 
not simply out of habit or by accident—human be-
ings draw upon concepts, values, and norms that 
we have inherited from philosophical thought, 
among other sources. We reflect and evaluate with 
and through these concepts. We also reflect crit-
ically upon them, re-interpreting, enriching, and 
extending them in response to changing knowl-
edge and the possibilities that the world presents 
to us.

Since the Enlightenment at least, the focus of 
normative philosophy has largely been about right 
recognition and right relationship between and 
among human beings. The interactions between 
humans and other forms of life, ecosystem ser-
vices and functions, and material resources—in a 
word, the relations between humans and nature—
have not been held to the same, or even analogous, 
standards. norms of right recognition and right 
relationship—rights, the good, and justice—do not 
apply; nature has not been given full moral con-
sideration.

Here i want to pose a question about the guid-
ance moral and political philosophy offer for envi-
ronmental and conservation affairs. Are the core 
concepts of these discourses part of the problem, 
or can they be part of the solution? can their an-
thropocentric heritage be given an ecological 
re-interpretation?

if right recognition and right relationship were 
norms covering the treatment of non-human na-
ture—if we were to speak cogently about rights 
and justice in human dealings with the natural 
world and the creatures (in addition to ourselves) 
who dwell within it—then much of our scientific 
understanding and practical activity regarding 
nature in the modern era would have to be seen 
as misrecognition and wrong relationship. This 
would be a shift of historic proportions and sig-
nificance in the gestalt of our moral perception—a 
fundamental re-orienting and enlarging of the hu-
man moral imagination.

The possibility of such a shift is not idle specu-
lation. History provides many examples of precise-

ly this expansion of the moral 
imagination in the evolution 
of relationships among diverse 
human groups. it is a record of 
the inclusion of certain forms 
of previously forbidden indi-
vidual human behavior with-
in the zone of moral and legal 
protection in particular societ-
ies, and the banishment of oth-
er behaviors—owning slaves, 
for instance. Still, shifting the 
norms of human to human in-
teraction is one thing, shifting 
them radically for humans and 
nature interaction is another. 
is it beyond the limits of moral 
learning, beyond our ken as a 
species?

At the root of both envi-
ronmental pessimism and neo-
liberal triumphalism lies the 
belief that such a moral imag-
ination is beyond us. it had 
better not be. naomi Klein’s 
recent book, This Changes Ev-
erything: Capitalism vs. The 
Climate, essentially warns us 
that a gestalt shift in the moral 
imagination guiding humans 
and nature interactions on a 
global scale is no longer merely 
an option, it is a necessity. 

Why? Klein, like many oth-
ers who address global climate 
change, properly focuses on 
the dire consequences for bi-
ological resilience and social 
stability if we do not change 
our perception and the logics 
governing our institutions. i 
believe that we should also at-
tend to the moral consequenc-
es of such a millennial human 

Bruce Jennings

eCologiCal solidaritytHinK Here
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How can voice be heard 
and participation be arranged 
for non-human members of a 
community of interdependence 
and shared vulnerability and 
need? This is not an unprec-
edented question because it 
must also be addressed for hu-
man members who are infants 
or young children, or those 
with serious cognitive impair-
ment. We do not define them 
as outsiders or non-members 
of the moral community due 
to their distinctive capabilities;  
we instead seek ways to fulfill 
their right recognition as mem-
bers in different ways.

The goal in the case of 
non-human members who are 
entitled to right recognition 
and moral consideration is the 
same. The key is respect for 
the inherent requirements and 
possibilities of flourishing be-
ing for each member. in other 
words, respect involves provid-
ing the conditions necessary 
for the capabilities integral to 
each member to be realized as 
effective functioning or activi-
ty. This can be true for non-hu-
man individuals and species, 
and for living systems as well. 
(Ontological views such as 
those discussed by rachel Till-
man in her article in this issue 
of Minding Nature would have 
us go further and recognize 
dynamic systems of living and 
non-living materiality.)

This requires mechanisms 
of representation, trusteeship, 
and stewardship that human 

failure. if we fail to expand and extend our norms 
of right recognition and right relationship to the 
natural world, we will be forced to contract them 
in the human world. We will regress in the anthro-
pocentric moral progress we have made historical-
ly. if we can’t switch from seeing the image of a 
rabbit to seeing also the image of a duck— if we 
can’t move from seeing the face of the human Oth-
er, which philosopher Emanuel Levinas considers 
the ground of all ethics, to also seeing the face of 
the natural Other, the face of the planet—then will 
we be able to see any face other than our own, or 
even any face at all?

Let us then think carefully about how concepts 
drawn from moral and political philosophy can 
be interpreted to help meet the fundamental eco-
logical challenges of our time. As a starting point, 
expanding the scope of the norms of right recogni-
tion and right relationship involves consideration 
of two key concepts that I want briefly to discuss 
here. These are the concepts of membership and 
solidarity.

right recognition involves membership in 
some kind of common condition or common lot, 
and it carries with it a claim to what has been 
called “moral considerability.”1 This commonal-
ity can be invested with particularly human cul-
tural and sociological content, such as kinship or 
political community, but it can also derive from 
something more general, such as the condition of 
being alive. The content of membership recogni-
tion is dignity and respect for the integrity of the 
being—the capabilities and flourishing—of each 
member. Membership also involves an equity or 
parity of voice and participation in the affairs of 
the entire community, insofar as those affect each 
member in some significant way. Membership is 
about each and all. The challenge of reinterpreting 
and expanding the concept of membership by rec-
ognizing non-human beings as falling within its 
norms is to design human activities in such a way 
as to make voice and participation for the non-hu-
man meaningful in decision-making about human 
behavior that affects the ecological common good.

tHinK Here
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to as the “perpetual and rest-
less desire of power after pow-
er, that ceases only in death” 
(ch. 11). Solidarity is the count-
er-sign of power, life’s answer-
ing response. Solidarity is the 
mutuality of concern and care.2

if the characteristic ges-
ture of membership is hearing 
and empowering participato-
ry voice, even if indirectly and 
inferentially, the characteris-
tic gesture and stance of sol-
idarity is standing up beside. 
This stance then has three re-
lational dimensions: standing 
up for, standing up with, and 
standing up as.

Standing up beside. When 
you stand up beside a person, a 
group, an organization, a spe-
cies, a habitat, or even an idea 
or ideal, you make yourself 
visible. it is a public gesture: 
solidarity requires both taking 
a stand and standing up. This 
public posture also carries with 
it a sense of urgency and mor-
al importance. consider the 
difference between “standing 
up” and “standing down” (giv-
ing way, backing off). There is 
a resolve behind standing up 
beside that will not be deferred 
or mollified easily. The force 
of this resolve comes from the 
fact that one is elevating one’s 
moral and social awareness 
and commitment: one is mov-
ing upward, toward justice, 
such as the redress of the op-
pression or denigration of oth-
ers, and moving closer, toward 
their side.

members and decision-makers devise to articulate 
the voices and respect the interests of non-human 
members. Such mechanisms are modes of indi-
rect participation. But human responsibility also 
extends to research and scientific knowledge, in-
cluding ethological and naturalistic studies in the 
wild, so that we can learn to hear those voices and 
witness those participatory actions of non-human 
members directly. Those voices and that partici-
pation are then reflected back into the exercise of 
human ecological governance as trusteeship when 
that decision-making is informed—as it so often is 
not—by sound environmental science and outdoor 
experience.

if membership is right recognition, solidarity 
is right relationship. it is constituted by the norms 
of concern and care in common. Membership and 
solidarity are closely linked, in my view, despite 
the fact that the paradigm instance of solidarity 
is often thought to be the support by a member 
with power for a non-member without power. But 
that solidarity relationship inherently carries with 
it and confers recognition and membership upon 
the less powerful—membership in the newly en-
acted, now more inclusive moral community. i am 
not sure if it is better to regard membership and 
solidarity as two separate but linked norms, or as 
two facets of the same norm. Their common eth-
ical ground, i think, is the moral considerability 
of living being. To be a member in the normative 
sense is to have standing. To engage in solidari-
ty is to stand up for those who lack standing and 
for change that will more fully realize the standing 
of all. Solidarity is the praxis of standing up and 
standing beside.

The pathway of moral learning within the 
practice of solidarity that i will sketch below can 
help us to correct the tendency to see humans as 
ontologically separate and above nature. Ecolog-
ical solidarity teaches that nature is the place we 
live within and not simply the surrounding raw 
material that we use to fulfill our own desires. Sol-
idarity is essential to counter the desire for con-
trol—what Thomas Hobbes in Leviathan referred 

tHinK Here
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velop into a stronger kind of 
fellowship and mutual recog-
nition of one’s self in the face 
of the Other. Again, this need 
not be limited only to recogni-
tion of human individuals, per 
se. Ethnographic and historical 
study, as well as personal ex-
perience and companionship, 
allows one to relate to other 
people or groups in the speci-
ficity of their values and vocab-
ularies of self-interpretation, 
which develops respect for the 
specific standpoints of others. 
So does naturalism, observa-
tion, and the scientific study 
of animal and plant behavior 
and ecosystemic dynamics. 
Without such understanding, 
Others cannot truly be treated 
with respect; they can only be 
tolerated, neglected, not inter-
fered with.

Standing up as. The third 
dimension is solidarity as 
standing up as. Obviously this 
suggests a yet stronger degree 
of identification between the 
providers of solidaristic sup-
port and the recipients of such 
support. For human beings 
engaged in the practice of sol-
idarity who reach this mode of 
relationship, it is not a ques-
tion of doing away with differ-
ence. Moreover, the ecological 
solidarity of humans standing 
as non-humans is not simply a 
case of anthropomorphic pro-
jection or romantic idealism. 
The solidarity of standing up as 
involves finding a kind of cov-
ering connection that does not 

Solidarity cannot be practiced in hiding. Ex-
ercising solidarity may put one in harm’s way for 
the sake of another being, an Other. i use “Other” 
as a term of art to mean another human being or 
group; a non-human organism, species, or living 
system; or a cause, an idea, a cultural way of life, 
or some other object of value or beauty.

Standing up for. The first relational dimen-
sion of solidarity is standing up for. This suggests 
an intention to assist or to advocate for the Other. 
Solidarity is help and care for those who cannot 
defend or help themselves. The Other for whom 
one stands up in solidarity is someone whose sit-
uation presumably is morally problematic either 
because of their own behavior or because of what 
is being done to them. Environmental and health 
conditions, as well as broader forms of social, eco-
nomic, and political oppression and injustice, pro-
vide an occasion for this dimension of solidarity. 
But this mode of solidarity alone need not over-
come the assumption of human ontological sep-
arateness and superiority, just as it need not chal-
lenge systemic social inequality or the paternalism 
of noblesse oblige. Standing up for is quite com-
patible with an attitude of ecological management 
and resource “yield.”

Standing up with. The second dimension is 
solidarity as standing up with. it takes another 
step in the direction of mutuality and recognition 
of shared moral standing. Moving from a mode of 
relationality for to relationality with in the prac-
tice of solidarity is meant to signal further entry 
into the lifeworld of the Other. doing so entails 
changes in one’s initial pre-judgments and per-
spectives, and standing with solidarity requires 
an openness to this possibility. Many communi-
ty-based conservation and restoration activities 
provide interesting examples of how this mode of 
ecological solidarity can affect moral learning and 
self-discovery.3

There is something in the imaginative dy-
namic of moving from for to with that transforms 
the solidarity relationship so that a (supportive) 
stranger-to-stranger relationship begins to de-

tHinK Here
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non-human.
Bringing back lost species 

through the use of extreme ge-
netic engineering and relocat-
ing species immediately threat-
ened with extinction to more 
sustainable habitats have been 
addressed by the latest “Ques-
tion for a resilient Future” on 
Humansandnature.org. i also 
discussed it in my Think Here 
column entitled “creatures 
Who create,” in September 
2014. now Senior Scholars Ben 
Minteer and Harry greene dis-
cuss these questions in greater 
depth in their articles here.

Minteer provides a crit-
ical discussion of proposals 
to bring back lost species us-
ing genetic engineering tech-
niques. Should this be seen as 
in keeping with a conservation 
ethic? Minteer argues that it is 
not clear what exactly genetic 
engineering would bring back. 
As more active in interventions 
are used to combat biodiversi-
ty loss, he urges us to beware 
the concomitant loss of respect 
for nature’s wildness and of a 
sense of human proportion on 
the landscape.

In an essay reflecting on his 
experience as a field biologist, 
greene discusses the complex-
ity of species extinction and the 
notion of the wild. He sees the 
benefits of bringing back lost 
species. He also explores how 
wildness points to co-existence 
and can encompass a pragmat-
ic attitude about human rela-
tions with other species.

negate diversity of being at all, but rather estab-
lishes the grounds of its respect, protection, and 
perpetuation. Ontologically, it amounts to saying 
that i am a being dependent upon the integrity of a 
complex human community (as a human person) 
and dependent upon the integrity of a complex 
natural ecosystem (as a living organism).

To move through the trajectory of moral learn-
ing inherent in the practice of solidarity is to move 
in the direction of greater imaginative creativity 
and range in the moral life. Standing up for de-
pends upon a kind of abstract moral commitment 
to support the application of general norms to 
the life situation of the Other as a creature with 
a certain moral status. Standing up with involves 
adopting a perspective that is more internal to the 
lifeworld and the contextually meaningful agency 
of the Other, in some cases, and respects the in-
tegral capabilities and functioning of non-human 
forms of life and natural systems, in other instanc-
es. Standing up as returns to generality, in the 
sense of a recognition of common humanity, or a 
shared membership in the biotic community and 
in the counter-entropic processes of life.

As the moral recognition of the Other is altered 
by this interpretive journey, so is one’s reflexive 
moral awareness of oneself. in the case of ecologi-
cal solidarity, strong bonds of attachment with the 
natural world and care for it may or may not be 
the result of this journey. But arguably a growth in 
one’s capacity to project oneself imaginatively into 
the perspective and viewpoint of the Other and a 
growth in moral awareness or the ability to see 
connections previously unseen are plausible out-
comes of the interpretive transformation effected 
by the trajectory of solidarity. Perhaps this will be 
enough.

The articles in this issue of Minding Nature 
are wide ranging and diverse. One leitmotif con-
necting them is a recognition of the interdepen-
dencies and links (biological, cultural, historical, 
and ontological) between the human and the 

tHinK Here
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basic biological and chemical 
processes that were present at 
the beginning of life on Earth. 
Through detailed biochemi-
cal accounts of the transition 
from anaerobic to aerobic 
life forms—the revolutionary 
transformation of Earth’s at-
mosphere by oxygen emis-
sions, leading to the first great 
extinction and a chilling prec-
edent to contemplate today—
and the emergence of land-
based life, they indicate the 
potential of a cellular perspec-
tive on evolution. The action of 
living matter still takes place at 
the unicellular level. if we un-
derstand this, will we humans, 
microbiome and all, take what 
they call a more “ecumenical” 
approach to life in the future 
than we have in the past?

Richard Blaustein reflects 
on the work of William rud-
diman, a geologist who finds 
that anthropogenic climate 
change is not a recent phenom-
enon, but goes back thousands 
of years. if we could change 
geophysical thermal dynam-
ics with neolithic technology 
and population levels, it is no 
wonder that we can impact the 
global climate so drastically to-
day.

Steven M. Sullivan, a lead-
er in the educational efforts 
observing the centenary of the 
extinction of the Passenger 
Pigeon, provides a sobering 
wake-up call concerning biodi-
versity loss. Something about 
the disastrous pace and extent 

The next three articles take us into recent and 
controversial lines of inquiry in science and phi-
losophy. They are interesting examples of how 
quite complex and specialized disciplines contain 
important resources for rethinking the relation-
ship between humans and nature. They may push 
the edge of the envelope for some general readers 
who are not familiar with these specialized areas. 
They certainly do for me. But they repay careful 
attention and may lead us to explore further the 
domains they briefly describe.

robert drury King addresses political econ-
omy from a system theory and thermodynamic 
point of view. He argues that the capitalist sys-
tem is entropic and losing its ability to maintain 
its social structural integrity because its reliance 
on natural environments has become threatened 
by the thermodynamic demands it imposes. He il-
lustrates this by a discussion of possible interrela-
tionships among climate change, food production, 
and the social unrest and violence that high food 
prices and climate disruptions produce. One way 
to break out of this pathological system logic is to 
change from high-output food production (indus-
trial agribusiness) to low-input agricultural meth-
ods (“urban agriculture”).

drawing on recent work in feminism and phil-
osophical ontology, known as the “new material-
ism,” rachel Tillman explores the implications of 
understanding the material world and the behav-
ior of living matter in newly dynamic and vibrant 
ways. in the traditional cartesian and newtonian 
philosophical ontology that is still predominant in 
science, matter is passive and inert. The new ma-
terialism sees all matter, organic and inorganic, as 
active and creative in its being. Feminist thinkers 
have drawn out political and ethical implications 
of this, and Tillman sees here an opportunity to 
move away from the deep theoretical divide be-
tween the cultural and the natural.

John S. Torday and W.B. Miller, Jr., take us 
into the realm of innovative thinking in evolution-
ary biology. They explore the evolution of com-
plex physiology and function as a continuum of 

tHinK Here
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of what is now happening must somehow catch 
the attention of our imaginations, capture our 
conscience, and motivate an effective response. 
For some, the image and memory of a bird that 
once darkened north American skies is the trig-
ger; others may find another source of inspiration. 
But find one we all must.

Finally, i regret to note the recent death of An-
drew Henry Weber, whose article “Wildness and 
Wonder: On Saving the Planet,” appeared in the 
September 2014 issue of Minding Nature. We are 
glad that we had the opportunity to share his work 
with our readers.

Notes

1. K. goodpaster, “On Being Morally considerable,” Journal of Philosophy 75, no. 6 
(1978): 308-325.
2. note that mutuality is not the same as reciprocity. We can have relationships of 
mutuality with others who cannot engage in the direct equivalence and return that 
the notion of reciprocity implies.
3. See William r. Jordan iii and george Lubick in Making nature Whole: A History 
of Ecological restoration, 2nd ed. (Washington, dc: island Press, 2011). reviewed 
by Gavin Van Horn in “Braving the Distinctions: Reflections on Making Nature 
Whole,” Minding nature, 7, no. 1 (2014): 45-50.
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Neither tiger nor wolf, the “Thylacine” (as it became 
known after several taxonomic fits and starts), was, in 
fact, a marsupial mammal roughly the size of a hyena. It 
went extinct on the Australian mainland around 35,000 
years ago, a period that corresponded with the arrival of 
the dingo (the natural history of the species, however, is 
a bit foggy). Tasmania, an island state around the size of 
Ireland or West Virginia, only ever held a small remnant 
population of Thylacines, probably not more than five 
thousand at the time of British settlement in 1803.2

The species would be decimated in the nineteenth 
century by bounty hunters working at the behest of the 
Van Diemen’s Land Company, a United Kingdom–based 
wool-growing venture with a myopic desire for a pred-
ator-free landscape. The private bounties would even-
tually be joined by an official governmental bounty in 
1888, which would record more than two thousand kills 
over the next two decades. Despite its reputation as a 
bloodthirsty sheep killer, though, the empirical evidence 
doesn’t seem to support the view that the Thylacine was 
a significant predator of sheep on the island. Some his-
torians have even suggested that the bounty systems 
and the exaggerated claims about Thylacine predation 
were attempts to veil an untenable and inexpert sheep 
industry, a situation that had far more to do with human 
incompetence and avidity than it did with the actions of 
marauding marsupials.3 Regardless, bounties and devel-
opment drove the species into increasingly remote and 
hard to access territories by the late nineteenth centu-

tasmaNia’s Lost tiger

it wasn’t a tiger, at least not in the biological 
sense. But in the cultural imagination of British 
and irish sheepherders transplanted to “van di-
emen’s Land” off the southeastern coast of Aus-

tralia in the early nineteenth century, the carnivorous, 
striped creature with the stealthy nature certainly fit 
the bill.1 dubbed the Tasmanian tiger—or, alternative-
ly, Tasmanian wolf (which it also was not)—the elusive 
animal was viewed as a threat to the island’s rapidly 
growing though ultimately ill-suited sheep industry, 
an unwanted varmint that was also seen as an imped-
iment to the development of the Tasmanian wilder-
ness.

“Benjamin,” the last Thylacine, at the Hobart Zoo in 1933  
(image: Wikimedia)

The Perils of De-extinction
By ben a. minteer
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ry. By then, Thylacine sightings, which were never that 
common to begin with, were quite rare.

For decades, naturalists had been suggesting that 
the animal could be at risk of extinction if these trends 
continued. There were a few scattered calls for the con-
servation of Tasmanian wildlife and habitat at the turn 
of the century, but little measurable progress. In 1914, 
amid growing concerns within scientific circles that 
the species was on its last legs, the Tasmanian biologist 
Thomas T. Flynn (father of the swashbuckling actor Er-
rol Flynn) proposed the establishment of a Thylacine 
sanctuary, a last-ditch effort to stave off extinction. The 
idea went nowhere. When a farmer named Wilf Batty 
shot a Thylacine he caught eating his poultry in May of 
1930, it proved to be the last documented kill of the an-
imal on the island.

Six years later, in July of 1936, the Thylacine would 
finally receive full protection in the form of a governor’s 
proclamation. But by then it was only a symbolic ges-
ture. The last known Thylacine died in the Hobart Zoo 
in September that same year, enjoying, as the historian 
Robert Paddle has observed, complete and unequivocal 
protection for its last fifty-nine days of existence.4

BriNg ’em Back aLive

How far should we go to bring back lost species? It 
isn’t a straightforward question, in part because of a key 
semantic ambiguity: what do we mean by “lost”? Until 
very recently, recovering lost species meant either the 
re-introduction of a population that had disappeared 
from a local range but that was still extant elsewhere 
(e.g., the return of the Gray Wolf to Yellowstone Nation-
al Park using animals translocated from Canada), or the 
re-introduction of a species that had become extinct in 

the wild but that still persisted in ex-situ conservation 
facilities (e.g., the reintroduction of the California con-
dor).

But there is now a third understanding of bringing 
back lost species, one that takes us into somewhat dif-
ferent scientific and philosophical territory than restor-
ing wolves and condors to their historic ranges. It’s one 
that until recently seemed unthinkable because it was 
undoable: the idea of stirring extinct species—including 
some that vanished thousands of years ago—from their 
evolutionary graves.

Called “de-extinction”—or, if you prefer a more 
transcendental register, “resurrection biology”—the 
controversial idea is premised on a set of established 
and newer techniques in molecular biology and genet-
ic engineering.5 One of the more familiar methods is 
“back-breeding,” or the selective breeding of an extinct 
animal’s living relatives to carry forward traits resem-
bling the phenotype of the lost species. It’s a technique 
currently being employed to breed a strain of domestic 
cattle into something resembling the Aurochs, a species 
of wild European cattle (and ancestor of modern domes-
tic cow) that went extinct in the first half of the seven-
teenth century. A more complicated de-extinction tech-
nology is the cloning of extinct species via somatic cell 
nuclear transfer; this method is currently being used in 
an effort to bring back the Pyrenean Ibex, a Spanish wild 
goat that went extinct in 2000.

Much of the de-extinction discussion, though—espe-
cially as it has played out in the media—has been dom-
inated by discussion of newer, advanced techniques in 
genetic engineering and synthetic biology, particularly 
the technological breakthroughs allowed by the ability 
to rapidly sequence long extinct genomes. These tech-
niques, which are fast developing, could allow scientists 
to create something resembling long-lost species, per-
haps even those that have been extinct for thousands of 
years. By using ancient DNA taken from museum speci-
mens, scientists could sequence the extinct genomes and 
“edit” the DNA of closely related species to come up with 
a genetic blueprint very similar to the extinct forms. So 
a Band-tailed Pigeon genome could be manipulated into 
something approximating a Passenger Pigeon genome, 
an Asian Elephant could have genes for a Woolly Mam-
moth spliced into its DNA, and so on.

Defenders of de-extinction tend to make a common 
set of arguments for bringing back vanished biota. One 
group of claims highlights the ecological and evolution-
ary benefits: the revived species, we are told, will per-
form vital (and often lost) ecological functions when 

Tasmanian farmer Wilfred (“Wilf”) Batty with the last confirmed kill of a 
Thylacine. (image: Wikimedia [public domain])
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some cases, rather dramatically) in their absence.
The financial cost of de-extinction has also been a 

point of contention, with some conservationists ex-
pressing the worry that that the limited funds available 
for traditional species protection (e.g., buying lands to 
shield them from development) would be diverted to 
the more glamorous and trendy revivalist projects. Some 
have also raised the concern that, if de-extinctionists 
were to be successful, they would erode popular sup-
port for other and more traditional conservation initia-
tives. After all, why worry about endangered species if 
extinction is no longer an evolutionary death sentence?

These are important reservations, even if they aren’t 
all equally compelling (e.g., the benefactors of de-ex-
tinction will not likely be the same crowd writing $25 
checks to the Defenders of Wildlife). But there are other 
consequences of the de-extinction agenda, concerns that 
I think cut more deeply into our environmental values 
and our moral character.

the techNoLogicaL suBLime

The capacity of wild nature to produce a sense of 
awe and wonder—even something approaching fear—
defined the aesthetic response of many eighteenth and 
nineteenth century artists and philosophers to the natu-
ral world. It was the language of the sublime, a reaction 
to the power, mystery, and beauty of a world beyond hu-
man making, understanding, and control. Take, for ex-
ample, the ornithologist and painter John James Audu-
bon’s description of the vast flocks of Passenger Pigeons 
blotting out the sun in the Kentucky sky in 1831:

The noise which they made, though yet distant, 
reminded me of a hard gale at sea…The pigeons, 
arriving by thousands, alighted everywhere, 
one above another, until solid masses as large 
as hogsheads were formed on the branches all 
round. Here and there the perches gave way un-
der the weight with a crash…I found it quite use-
less to speak, or even to shout to those persons 
who were nearest to me.6

The birds elicited a similar response from Audubon’s 
fellow naturalist and illustrator Alexander Wilson: “I 
was suddenly struck with astonishment at a loud rush-
ing roar, succeeded by instant darkness, which, on the 
first moment, I took for a tornado, about to overwhelm 
the house, and everything around in destruction.”7

Although de-extinctionists claim that revived spe-
cies will be proper objects of aesthetic appreciation, 
awe, and wonder, they are in fact trading this aesthetic 
regard for the sublime qualities of wild nature for a cel-

returned to the landscape. For example, the resurrected 
mammoth could become a keystone species in the res-
toration of the “mammoth steppe” in northern Siberia, 
a “Pleistocene Park” containing a spate of reintroduced 
and revived wildlife in an attempt to reset the ecological 
and evolutionary clock in this part of the Arctic.

But broader cultural, aesthetic, and moral reasons 
are also given for bringing back lost species. Supporters 
argue that de-extinction will evoke a powerful sense of 
wonder and awe as we witness species raised from the 
dead and returned to the landscape. On moral grounds, 
restoring extinct animals has been promoted as our 
opportunity to finally “put things right,” to balance the 
moral accounts and make amends for our past ecologi-
cal transgressions.

Perhaps because of its sad history, which probably 
had something to do with the animal’s reemergence 

as a conservation icon 
in Australia in the late 
twentieth century, the 
Thylacine is one of the 
more popular candi-
dates for de-extinction. 
The idea of trying to 

revive the species, though, is not entirely new. In 1999, 
scientists at the Australian Museum in Sydney began a 
project that attempted to clone the species using frag-
ments of ancient DNA from preserved specimens. Cost 
and technological limitations of the time apparently led 
to the cessation of the project in 2005. A decade later, 
many scientists and supporters are now taking a more 
sanguine view of the feasibility of bringing it back.

So let’s imagine, then, that we could use these cut-
ting-edge techniques in conservation genomics to cre-
ate something close enough to a Thylacine (stripes and 
all) to call it a Thylacine. And let’s also imagine that a 
suitably large number of the animals could be created to 
the point that a viable population could be introduced 
into the Tasmanian eucalypt forests and grasslands. If 
we could somehow manage to do all of that, well, why 
shouldn’t we, especially given the clear and direct hu-
man role in the destruction of the species?

It turns out that not everyone thinks de-extinction 
is such a great idea. Some conservationists, for example, 
have raised the concern that the introduction of the re-
vivified wildlife into contemporary habitats would be 
more likely to bring ecological destruction than salva-
tion. Native fauna and flora would, they argue, pay the 
price as the engineered creatures invade and alter eco-
systems, environments that have inevitably changed (in 

de-extinction fails as a 
conservation ethic. But i 
think it also collapses as a 
conservation strategy.
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sidered as a conservation ethic. Species revivalists like 
Brand try to frame the effort to bring back extinct species 
as a gesture of ecological recompense and an opportuni-
ty to revise a shopworn and tragic conservation narra-
tive. That traditional account, we’re told, is an unpleas-
ant and discouraging tale of environmental destruction 
and loss. De-extinction promises a much cheerier story, 
a more uplifting narrative driven by sunny acts of bio-
logical creation and ecological recovery.

It’s an ar-
gument that 
seems to ap-
peal to more 
than a few 
c o n s e r v a -
tionists. One 

of them is Stephen Kellert, Tweedy/Ordway Professor 
Emeritus of Social Ecology at Yale and a distinguished 
scholar of societal attitudes toward wildlife. In a recent 
letter supporting the proposed revival of the Heath Hen, 
Kellert applauds what he takes to be the power of de-ex-
tinction as a moral corrective:

[Reviving the Heath Hen] is about restoring the 
human spirit as much as restoring a singular bi-
ological entity. It is about redressing the harm 
we have so extensively inflicted on what Henry 
Beston once described as “other nations, caught 
with ourselves in the net of life and time…of the 
splendor and travail of the earth.” It is about 
atoning for previous grievous wrongs. Restoring 
the heath hen offers us the chance for a moral 
reawakening. It provides us with an affirmative 
opportunity to restore our connection to the 
earth and contribute to the healing and beauty 
of the land.10

The problem with this position, at least by my lights, 
is twofold. First, I think Kellert, Brand, and other de-ex-
tinction proponents too casually and uncritically equate 
the engineered doppelgängers with the vanished spe-
cies. Their remarks certainly seem to suggest they think 
that the introduction of the former somehow recovers 
all of the values lost with the disappearance of the latter. 

You don’t have to be an essentialist about the “nat-
ural,” however, or cling to outmoded notions of species 
purity to recognize that there are, as we might say, mor-
ally significant differences between the extinct species 
and the synthesized versions. One key distinction hinges 
on the co-evolutionary natural history of the lost forms. 
Although the engineered reproductions may hold oth-
er values for conservationists, unlike their progenitors 

ebration of our own technological ingenuity, power, and 
control. It’s a move anticipated by the philosopher Im-
manuel Kant, who thought the unique human faculty of 
reason ultimately allowed us to separate ourselves and 
transcend the forces of nature. “Sublimity,” he wrote in 
his Critique of Judgment, “…does not reside in any of the 
things of nature, but only in our own mind, insofar as we 
may become conscious of our superiority over nature 
within, and thus also over nature without us.8 Leo Marx, 
in his 1964 masterpiece The Machine in the Garden, re-
vealed how this tension between the lure of nature as an 
alternative set of values and the siren call of technology 
animated the work of some of the leading lights of the 
American literary tradition, from Jefferson and Thoreau 
to Melville, Twain, and Fitzgerald. The embrace of the 
technological over the natural, in other words, has deep 
cultural roots.

A familiar story or not, it’s an aesthetic and philo-
sophical move that has reached something of a zenith 
in the hands of the de-extinctionists, where the sense of 
wonder and respect once directed at nature has become 
instead a regard for our own technological prowess. 
Here’s how Harvard geneticist George Church, a lead-
ing de-extinction proponent, describes the proposal to 
bring back the Heath Hen, a relative of the Greater Prai-
rie Chicken that went extinct in the 1930s: 

I’m particularly attracted to the heath hen be-
cause it’s basically a slam dunk…We can just 
make a few adjustments to the DNA of the great-
er prairie chicken by synthesizing heath hen 
DNA. That would take days, thousands [of dol-
lars], nothing. As an engineering project, birds 
are easy.9
Reading these words, I’m reminded of the conser-

vationist-philosopher Aldo Leopold’s (typically pre-
scient) assessment of how the modern preoccupation 
with technology frustrates the development of a more 
meaningful environmental ethic. “Our tools are better 
than we are, and grow faster than we do,” he wrote in 
"Engineering and Conservation" (1938). “They suffice to 
crack the atom, to command the tides. But, they do not 
suffice for the oldest task in human history: to live on a 
piece of land without spoiling it.” Church may be right 
that engineering extinct birds is easy (though I have my 
doubts). But living sustainably and responsibly with 
other species on the planet, well, that has proved to be 
anything but.

FLippiNg the script

But there are further issues with de-extinction con-

promoters of de-extinction are 
inadvertently undermining the 
responsibility to learn the lessons 
of our environmental history
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aggressively anthropocentric view of the universe, but 
by the recognition of our own fallibility and the contin-
gency of experience and by a sense of human limits in 
nature. It’s an outlook that, in Dewey’s work, required 
the careful adaptation to and cooperation with natural 
forces as much as it necessitated adjustment and trans-
formation of them. Brand’s intellectual mooring is there-
fore not Pragmatism. Instead, it’s a twenty-first century 
spin on Prometheanism: a celebration and justification 
of human creation, power, and the control of nature in 
the engineering age.

Apparently, this Promethean ability to create also 
licenses the creator to destroy. Consider how de-extinc-
tion advocate Subrat Kumar (a biologist writing in the 
journal Nature) responds to worries that revived spe-
cies could become destructive forces if and when they 
are eventually released into ecosystems: “Any species 
that we bring back,” he writes, “could be engineered to 
be eliminated easily should it pose a problem.”14 It’s a 
remark notable, perhaps, for its frankness (and for its 
tin ear toward animal and environmental ethics), but 
I think this cavalier view toward life flows quite natu-
rally from the philosophical commitments of the de-ex-
tinction movement that at times bleeds through all the 
high-minded conservation rhetoric.

they will not have evolved in relationship to other spe-
cies within a natural habitat over millennia. And that 
unique co-evolutionary and ecological narrative is, I be-
lieve, an important part of how and why we value wild 
species. It’s a character that simply can’t be recreated in 
a modern genomics lab. 11

The second problem is the idea that designing and 
releasing facsimile species somehow makes up for, may-
be even reverses, the ecological mistakes of the past. 
The story seems to be that developments in twenty-first 
century species engineering will absolve us of the eco-
logical sins of destroying the Thylacine, the Passenger 
Pigeon, the Heath Hen, and the rest. But in fomenting 
the fantasy that we can erase the environmental abuses 
of the past by pursuing high-tech species revival tech-
nologies, promoters of de-extinction are inadvertently 
undermining the responsibility to learn the lessons of 
our environmental history. Brand, for example, believes 
that bringing back the Passenger Pigeon will allow us 
to “reverse the founding human mistake that inspired 
modern conservation,” and that in doing so the narrative 
of conservation can break free of the “constant whining 
and guilt-tripping” that has defined its moral tempera-
ment.12

But it’s not “guilt-tripping” to responsibly reflect on 
our environmental losses and to absorb the moral les-
sons of extinction. Admittedly, it’s not always pleasant to 
dwell on the mistakes of the past, but being honest about 
the history of ecological destruction and maintaining 
a clear-eyed fidelity to this chronicle (especially in the 
face of efforts—both well intended and otherwise—
to unravel it) is vital to cultivating and safeguarding a 
meaningful ecological ethic.

prometheaN Dreams

Lurking within some of the more fervent pro-de-ex-
tinction arguments is an even more troubling moral and 
cultural vision, however: a view of humans as all-power-
ful creators and the presumptive governors of planetary 
life. It’s telling, I think, that Brand has resurrected and 
slightly revised his familiar motto from the Whole Earth 
Catalog in his pitch for de-extinction: “We are as gods 
and HAVE to get good at it.”13

Interestingly, Brand considers himself a “Pragma-
tist” in environmental and conservation matters; the 
subtitle of his most recent book is “An Eco-Pragmatist 
Manifesto.” But a truly authentic Pragmatism (i.e., that 
late nineteenth and early twentieth century school of 
American philosophy led by William James and John 
Dewey, among others) is distinguished not by Brand’s 

“A new species would bless me as its creator and source; many happy 
and excellent natures would owe their being to me.” [Frontispiece to the 
revised 1831 edition of Mary Wollstonecraft Shelly, Frankenstein; or the 
Modern Prometheus] (image: Wikimedia)
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Responding systematically and effectively to the 
global conservation challenge demands an extraordi-
nary effort and by all accounts an unprecedented one. 
Hard decisions will have to be made. For example, in 
many cases intensive and aggressive conservation ac-
tions will be required to protect biodiversity in the com-
ing decades. These might even include translocating 
vulnerable populations outside their historical ranges 
to novel habitats deemed more suitable as the climate 
changes, a controversial practice called managed relo-
cation (a.k.a., “assisted colonization” or “assisted migra-
tion”). It’s a radical departure from the traditional pres-
ervationist approach, which emphasizes the protection 
of species in their historical habitat and, in general, the 
minimization of human manipulation of ecological com-
munities.20

As we go down this more interventionist path, how-
ever, we need to ensure that our aggressive efforts to 
conserve do not evolve into a “save species at any cost” 
philosophy. If we end up sacrificing other important en-
vironmental and moral values, such as the respect for 
nature’s wildness and a sense of human proportion on 
the landscape, we will have lost something vital in our 
conservation ethic as we tighten our grip on the ecologi-
cal and evolutionary wheel. Conservation in the Anthro-
pocene must be a balancing act between the pragmatic 
need for action and the moral wisdom of ecological re-
straint.

The Thylacine was officially declared extinct by The 
International Union for Conservation of Nature (IUCN) 
in 1986, fifty years after the last known individual died 
in the Hobart Zoo. Over the years the species has become 
a powerful environmental symbol on the island, an em-
blem appearing on everything from postage stamps and 
license plates to beer bottles. It’s a form of mass cultur-
al atonement, perhaps, for a widely acknowledged and 
lamented environmental mistake.

Even though repeated organized searches for proof 
of its existence have produced no definitive evidence 
that the animal still roams the Tasmanian wilds, Thy-
lacine sightings have been reported regularly on the 
island since the 1930s, against all odds and, one might 
conclude, all reason. Somehow, then, the animal has also 
managed to morph into something else in the Tasmanian 
moral imagination, something other than a tragic icon of 
human destructiveness and loss. It’s become a symbol of 
a kind of stubborn environmental hope, though not the 
false hope promised in de-extinction dreams. It’s the col-

harD choices iN the aNthropoceNe

De-extinction, then, fails as a conservation ethic. But 
I think it also collapses as a conservation strategy. Even 
if we could get past its myriad ethical, cultural, and phil-
osophical challenges (spoiler alert: I don’t think we can), 
it is difficult to see how it could ever play a significant 
role in the conservation of (extant) vulnerable species or 
the protection of ecological systems. It will do very little, 
for example, to address the current crisis of global bio-

diversity decline and 
habitat fragmentation 
and destruction. That’s 
not to say that some of 
the technologies at the 
core of the idea don’t 
have scientific value 
for conservation; the 
study of ancient DNA to 

understand ecological and evolutionary processes, for 
example, is certainly relevant to contemporary conser-
vation science.15 But de-extinction can’t be considered a 
plausible conservation approach, despite the desire of 
Brand and others to make it one. It’s only a curio.

High-tech fantasies like de-extinction will certainly 
not do much to address the ratcheting up of the rate of 
current global species losses—perhaps more than one 
thousand times the background or “normal” rate of ex-
tinction. It’s a distressing statistic that has led many 
biodiversity scientists to suggest that we may be in the 
middle of a sixth mass extinction on earth, an event on 
par with the disappearance of the dinosaurs.16 But it 
isn’t only the quickening extinction trends that are trou-
bling. It’s also the wider pattern of population declines 
and decreases in abundance of individuals within them. 
This has prompted some scientists to refer to the cur-
rent moment as the “Anthropocene defaunation,” a term 
that captures the full sweep of human-driven species de-
cline as well as the impacts of these losses on the healthy 
functioning of ecosystems.17

The numbers are alarming (there’s that doom and 
gloom again). According to the 2014 Living Planet Index 
report authored by the World Wildlife Fund and the London 
Zoological Society, on average vertebrate species popula-
tions have declined 52 percent since 1970.18 A new analysis 
performed by the journal Nature has found that 41 percent 
of all amphibians, 26 percent of mammal species, and 13 
percent of birds currently face extinction, with considerably 
higher percentages at risk in the future if current threats, 
from climate change and habitat loss to species exploita-
tion, continue unabated.19

conservation in the 
Anthropocene must be a 
balancing act between the 
pragmatic need for action 
and the moral wisdom of 
ecological restraint.
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lective wish that nature retains just enough mystery—
and just enough power—to still surprise us, even in the 
Age of Humans.
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inhabit cavities in trees the leviathans splinter while 
foraging.2 Large carnivores, through so-called tro-
phic cascades, depress the abundance and behavior 
of smaller predators, thus increasing the diversity and 
numbers of the latter’s prey.3 And “charismatic mega-
fauna” have widespread, often profound emotional 
and cultural significance, too—witness their promi-
nence in art, from the oldest known cave paintings to 
contemporary children’s literature. Simply put, ani-
mals like elephants and big cats, as well as rattlesnakes 
and other smaller natural-born killers, inspire us.

Among the megafauna globally, however, many 
species are threatened with extinction, and some pres-
ent particularly daunting challenges for conservation. 
roughly twelve thousand years ago, several elephant 
relatives roamed north America, and the last known 
mammoth perished on an island off Siberia less than 
four thousand years ago, about the time Hittite king 
Mursuli sacked Babylon. Today, those with the long 
trunks and ivory tusks, the huge flapping ears, persist 
only in Africa and Asia. in most places, their numbers 
are plummeting, such that by the end of this century, 
given poaching and climate change, we might well be 
asking questions unimaginable when i was younger: 
Will there be no elephants left anywhere on Earth? 
What if instead they remained only in north Ameri-
ca, derived from zoo-raised ancestors and spruced 
up with Wooly Mammoth genes for cold hardiness? 
Might that be a good thing, or should we allow a major 

the proBLem at haND

Just how far should we go to prevent extinc-
tion or bring back a lost species? given the 
relevant science, what can we do versus what 
ought we to do? How wild a world do we want, 

as opposed to how wild a world will we tolerate? Of 
course, nature should matter to everyone for selfish 
reasons—for providing basic subsistence needs as well 
as ecosystem services like cleaning our air and water. 
nonetheless, that i’m paired with philosopher Ben 
Minteer to address these issues by an organization 
that cherishes ideas underscores that answers might 
turn more on ethics and aesthetics—on values, as ex-
pressed through individual choices, cultural norms, 
economics, and politics. My short response to the pri-
mary question is “as far as we can and want to go,” 
while elsewhere Ben addresses what we ought to do 
or not.1 Here i’m more concerned with tolerate—with 
why, how, and where we might conserve animals ca-
pable of killing us. That perspective then leads me to 
reconsider what we mean by wildness.

Like many field biologists, for deeply personal rea-
sons, i believe saving as much biodiversity as possi-
ble is critically important. Moreover, large, dangerous 
organisms deserve special consideration as dominant 
herbivores and predators in ecological communities. 
African Elephants, for example, by dint of their size 
and appetite, shape the plant composition of entire 
landscapes, thereby creating niches for geckos that 

Rewilding Our Lives
By Harry W. greene
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lieved that reptiles had intrinsic (also called final) val-
ue without asking whence came their inherent worth—
where or who was this cosmic value generator? As it 
happens, substantial doubt exists among philoso-
phers as to whether intrinsic values are defensible, 
the challenge being to provide a justification that isn’t 
ultimately faith-based.4 For the moment i’ll sidestep 
that quandary by using Sandler’s distinction between 
objective and subjective final value, because the latter 
only implies that we assign worth to things, places, 
and other beings based on our inborn biases, individ-
ual experiences, and broader cultural contexts.5 One 
can doubt whether, as some claim, the mere fact of be-
ing alive conveys objective final value, yet still judge 
the subjective final value of ancient rock art or a Puma 
as incalculably large, literally priceless in each case.

How, then, have my values arisen, such that i’ve 
devoted more than forty years of research, teaching, 
and outreach—as well as money and votes—to the ide-
al of thwarting extinction?

i’ve had the huge good fortune to be a naturalist 
since childhood, thanks to subsistence farmer grand-
parents, an innate love for animals, and parents who 
early on nurtured my interests—with a primer on farm 
animals before I could read, my first reptile book at 
age seven, and countless trips to zoos and museums. 
Then i met an academic herpetologist when i was 
thirteen, and the die was set—my first publication at 
age fifteen, graduate school after a stint in the mili-
tary, and a career as an evolutionary biologist. Among 
countless memories from all over the world, i’ve been 
enchanted by a Peringuey’s Adder hunkering down in 
namib desert sand and dazzled by Maned Wolves lop-
ing through tropical savanna. My greatest joy, howev-
er, has been getting to know these natural-born killers 
as individuals. during 569 encounters with one female 
Black-tailed rattlesnake, over the course of twelve 
years and compared to forty-nine others of that spe-
cies we studied, she more often had a food bulge, gave 
birth more frequently to larger litters of healthy young, 
and never rattled, let alone struck at me. nicknamed 
Super Female 21, she was my all time favorite snake.

My values also were shaped by five years as an am-
bulance driver and army medic, during which i assist-
ed hundreds of victims of accidents, violent injuries, 
and illness until they reached a hospital. i watched 
some dozen people die, including a child in my arms; 
some of them perished with less than ideal treatment, 
and i’m haunted by the possibility mistakes were 
made. Among the lessons i drew from that time were 

group of mammals, the Proboscidea, to go extinct? Are 
we sure poaching and climate change will be solved in 
time to otherwise save elephants?

As a response to the problem at hand, I’ll first lay 
out some backstory to establish my nature-lover bona 
fides and illustrate how individual histories shape val-
ues. Then i’ll develop four arguments: (1) the mean-
ing of “extinction” is more complicated than usually 
acknowledged; (2) we’ll more likely value nature be-
cause of compelling personal experiences and those 
shared by others than due to claims of intrinsic worth; 
(3) co-existence with the largest tolerable herbivores 
and predators better defines wildness, rather than 
merely lack of human control; and (4) while notions 
of wildness typically minimize a role for people, that 
word also can encompass more pragmatic, pluralistic 
attitudes about our relationships with other species.

WheNce come vaLues?

Like many nature-lovers, i grew up offended by 
questions like, “What good is a rattlesnake?” i’d be-

Magical landscape and natural-born killer: namib desert (above) and 
one of its dune specialists, a twelve-inch-long Peringuey’s Adder (Bitis 
peringueyi). Photo credits: H. greene.
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you, one must be wary and occasionally fearful, alert 
to changes in the wind and watchful for the nearest 
climbable tree.

Life is messy—other organisms must perish if we 
are to survive, other organisms will profit when we ex-
pire—so the third gift for young naturalists would be 
to kill, butcher, and eat a large bird or mammal. in my 
early sixties i became a deer hunter to take responsi-
bility for my own omnivory, perhaps the most respect-
ful, mindful thing i’ve ever done as a naturalist.7 My 
top priorities are to eat healthy meat and not make 
bad shots, but other rewards range from the exhila-
ration of hiding with my rifle in an oak copse as dawn 
breaks and a Tufted Titmouse flits within inches of my 
face, to trading tales around a fire with others in our 
little tribe of ambush foragers. There’s a vegetarian 
version of this gift too, because none of us gets out of 
life’s bargain cost-free: remove all plants from an acre 
of habitat and dispatch all animals, from tiny beetles 
to something at least as big as a rabbit—after all, when 
a patch of landscape is cleared for grain fields and fruit 
orchards, its original inhabitants almost never have 
anywhere else to go.

i’m happier, healthier, more attentive, and immea-
surably richer for time spent outdoors, especially so 
when i’ve been more participant than spectator. Wild 
places have humbled me in the face of grandeur and 
shrunk my selfish concerns to manageable size, while 
their inhabitants have drawn me into other worlds, 
thereby enlarging my own. How boring, uninspiring, 
and impoverished life would be without those places 
and creatures!

the finality of death and a determination to make the 
best of a situation, however daunting and uncertain. 
With such high stakes—a teenager killed in the most 
horrible way imaginable, his brother alive with nose 
sliced off—there’s powerful temptation to turn aside, 
so emotionally one must shut down, get the job done. 
And today existential threats to many species present 
a parallel dilemma for conservationists. We are going 
to fail depressingly often, we must proceed with im-
perfect knowledge and uncertain outcomes, and many 
of our fellow citizens do not love nature. We need bold 
new initiatives, yet the status quo is professionally less 
risky—but not risk-free in terms of preventing extinc-
tion.

Three experiences have further enhanced my de-
sire to participate in nature, rather than just be a spec-
tator, and thus also shaped my values. i’d like to give 
them to every young naturalist, so that they too could 
contemplate other realities against which to measure 
themselves and their beliefs. The first is to shoulder a 
pack and walk for days in a wild place, with everything 
necessary for health, welfare, and pleasure on one’s 
back; and to do this at least once where carrying out 
your own solid waste is required. Beyond intimate ex-
posure to scenery and wildlife—apprehending a place 
with your hands and feet as well as eyes, ears, and 
nose—benefits of backpacking include learning first-
hand what’s minimally required to survive and miti-
gate one’s presence in a landscape. What goes in must 
come from somewhere and it must go out too; we are 
ultimately accountable for both. Perhaps equally im-
portant, backpacking lends a humbling sense of frailty 
and the confidence to still move on down the trail.

My second gift would be to set out on foot in Af-
rica, to spurn safari vans and mingle with the last di-
verse megafauna on Earth.6 Among the lessons i’ve 
taken from four trips to that enormous continent is 
that although today its one billion-plus people nega-
tively impact many other species, ideas of wildness for 
which absence of humans is diagnostic cannot apply 
to the place where as Homo we’ve been doing whatev-
er it takes to survive for more than two million years. 
Another lesson is that we north Americans general-
ly recoil from excrement, but in Africa poop is pris-
tine—from dainty antelope pellets to the cannon ball 
turds of elephants, it’s everywhere, even in the water-
holes! dung is so obvious that we’ve run class proj-
ects in which students assessed megafaunal presence 
by identifying and counting scats. Finally, in a place 
brimming with animals that can crush, gore, or eat 

Priceless natural heritage, but are its final values objective or subjective? 
Fate Bell Shelter (left), a publicly accessible, four-thousand-year-old Ar-
chaic Period site in val verde county, Texas; nine-foot-tall image on the 
shelter’s back wall (right) of a Puma-like figure losing blood or perhaps its 
soul (Photo credits:  H. greene).
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no more living organisms, yet eventually be brought 
back through developmental genetic technologies.

now let’s explore values, extinction, and rewilding 
a bit further, through first-hand encounters of three 
rather different sorts.

in 1987 the last twenty-two california condors 
were removed from the wild for captive breeding fol-
lowing a bitter controversy about whether to take such 
drastic measures or, as some preferred, to let the spe-
cies “go extinct with dignity.”9 Within a decade tens 
of millions of dollars were spent, mistakes were made 
and problems solved, such that now more than four 
hundred of these giant vultures again fly over western 
north America. They wear number tags and locator 
transmitters, feed on slaughtered livestock, and rou-
tinely are treated for lead poisoning—all for about five 
million dollars annually. Arguably they’re still extinct 
as “wild” birds, although someday, thanks to science 
and public support, they might again be truly “self-
willed.” Prior to 2010, i’d never seen one in twenty 
years of living out West, nor during three backpacking 
trips on the colorado Plateau. Then late one afternoon 
i was the oldest among seventeen raft tourists hiking 
Bright Angel Trail out of the grand canyon, and just 
as i rounded the penultimate switchback, tuckered out 
and daydreaming about a native American platform 
burial, two enormous black birds with slotted prima-
ries and white underwings circled overhead—my first 
California Condors. With a raised fist I blurted out 
“i’m not ready for you yet,” then, with an unexpected 
upwelling of hope, “Worth every penny!”

Some critics of Pleistocene rewilding contended 
that we’d proposed nothing more than a fancy zoo, 
because a reconstituted north American megafauna 
of necessity would be fenced and heavily managed. 
imagine my perverse satisfaction, then, while visiting 
Kruger national Park in 2011, to learn that spectacular 
7,500-square-mile preserve is fenced. Moreover, al-
though it now boasts Lion, cheetah, Leopard, African 
Elephant, both species of rhinos, and cape Buffalo, at 
the end of the nineteenth century the region’s mega-
fauna had been essentially extirpated—yet the most 
moving encounter i’ve ever had with another species 
occurred many miles off-road in this restored ecosys-
tem, when, accompanied by two armed rangers and 
five other visitors, we approached to within a couple 
of dozen yards of a White rhino. All that separated us 
from the huge male was a mud wallow out of which he 
then stepped and stared our way. At that moment, be-
fore he trotted off, his colossal, vibrant otherness was 

DiFFicuLt choices, uNtiDy reaLities

As to the particulars of extinction, a decade ago 
twelve of us laid out the concept of Pleistocene rewil-
ding, a proposal that close relatives of extinct mam-
moths, horses, camels, and so forth serve as proxies 
to partially restore our lost north American mega-
fauna.8 The special ecological, evolutionary, and aes-
thetic significance of large vertebrates motivated us, 
as well as concerns that those extant species are ever 
more threatened globally. We emphasized beginning 
with carefully controlled experiments, while critics fo-
cused on risks from invasive species and recent eco-
logical changes to north America; they also revealed 
unexpected biases and misconceptions among fellow 
nature lovers. One such bias is a desire for dangerous 
animals to survive somewhere, just not where we first-
worlders would have to pay the very human costs of 
co-existence. A common misconception, especially 
pertinent here, is that the meaning of “extinction” is 
straightforward.

What extinction signifies depends on definition 
and scale. There are, first, blurry distinctions between 
what constitutes a species versus more and less in-
clusive lineages. Just what, in other words, has gone 
extinct? Today Black-footed Ferrets extend south into 
chihuahua, all derived from a tiny remnant Wyoming 
population discovered in 1981, so to whatever extent 
the extirpated nineteenth century Mexican animals 
were different from those in the northern great Plains, 
that “kind” of ferret is still extinct. Likewise, extant 
African and indian Lions stem from a cosmopolitan 
Pleistocene lineage (of one or two species, including 
extant Panthera leo) that once ranged to Peru—our 
new World Lions vanished thousands of years ago 
but not the lineage globally (yet!), so while putting 
African cats back in north America couldn’t precisely 
replace those we lost, they wouldn’t be as biologically 
inappropriate as Tigers. in fact, the widely heralded 
restoration of north American Peregrines was accom-
plished with an amalgam of seven subspecies, four of 
them Eurasian—we regained an iconic falcon, just not 
exactly the one we were losing.

Even granting subtleties of definition, species can 
be extinct locally but abundant elsewhere, so that, 
for example, citizens might answer yes or no about 
de-extincting Bison in their state. Species also might 
be extinct in the wild and thrive in a zoo, or persist 
in nature under manifestly unnatural conditions. Fi-
nally and most controversially, as with Wooly Mam-
moths, a species can be extinct in the narrow sense of 
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re-coNceptuaLiziNg the WiLD, reWiLDiNg our Lives

i need to be emphatically clear on this point: to 
whatever extent biodiversity matters, especially with 
regard to large vertebrates, we should keep as much 
of nature as possible free from exploitation by su-
per-consumptive modern humans. Evolutionary biol-
ogist Edward O. Wilson has called for setting aside half 
of the Earth for this purpose, a laudable goal that we 
cannot possibly reach fast enough to get the job done, 
given the pace of population growth, over-consump-
tion, and, most disturbingly, climate change. related 
challenges include that any restoration benchmark—
end-Pleistocene, 1492, or 2015—is increasingly irrele-
vant in a rapidly changing world, that many people are 
far too poor to regard conservation as a priority, and 
that even in prosperous cultures ever more folks have 
minimal outdoor experience, little firsthand basis for 
caring. For all of these reasons, i advocate diverse ap-
proaches to conservation, including re-conceptualiz-
ing a key set of words.

countless pages have been written parsing the 
meaning of wilderness and wildness, encompassing 
postmodernist claims of Western cultural conceit to le-
gal definitions of the Wilderness Act and eloquent dec-
larations of inherent values.12 For brevity’s sake, i’ll as-
sert that first-world nature-lovers typically emphasize 
two points: Wilderness is a landscape untrammeled 
by people, as expressed in “leave only footprints, take 
only pictures and memories,” and wild organisms are 
“self-willed,” rather than controlled by us. A couple of 
things bother me about this formulation, the less trou-
blesome of which is that some of its associated litera-
ture carries a smug, elitist edge and thus risks veering 
into nonsense and hypocrisy.13 More important is the 
irony that even as we bemoan disjunction from na-
ture—during the condor controversy, Friends of the 
Earth’s motto was “not man apart”—our reigning no-
tions of wildness minimize human presence.

By situating us as spectators rather than partic-
ipants, the untrammeled criterion for wilderness 
ignores that “ecology,” rather than synonymous 
with “loving nature,” signifies the influential, often 
multi-directional relationships among organisms, in-
cluding us. By precluding a significant role for humans 
in the lives of other organisms, the no-control criteri-
on for wild also plays into cultural denial that we are 
part of nature—packaging hides the reality that meat 
comes from animals, bears still shit in the woods but 
we shouldn’t, and so forth. Large and otherwise dan-

stunning beyond words—i could scarcely think, let 
alone speak—and what most struck me as we walked 
on was how diminished humanity would be, emotion-
ally and aesthetically, without him and his kin. Later 
that day we discovered the remains of another rhino, 
slaughtered for its horn by poachers.

it’s my good fortune to have spent many hours ob-
serving Longhorn cattle on a Texas ranch that’s also 
home to sixty-five species of amphibians and rep-
tiles, thirty-five species of mammals, and upwards of 
one hundred species of birds. Columbus first brought 
cattle to a caribbean island in 1493, and within a few 
years some of the iberian stock, themselves descended 
from wild Aurochs, were shipped to Florida and Mex-
ico.10 Now, following more than five hundred years of 
natural selection, the former, called cracker cattle, 
thrive on moist substrates and are resistant to tropi-
cal diseases; the latter gave rise to semi-arid-adapted 
Longhorns. Because they’ve evolutionarily diverged 
these truly are new World lineages, and they behave 
more like wild animals than other cattle i’ve watched. 
Longhorn cows spar with their namesake weaponry to 
maintain a pecking order and require no help calving; 
predators don’t take their offspring, unlike those of 
European breeds on neighboring ranches. The bull at-
tends to herd dynamics, breaking up squabbles among 
the cows and chasing male calves that approach es-
trous females. during Texas’s worst drought in re-
cent history, they ate cactus fruit and marched calves 
two miles uphill for scummy pond water—no wonder 
nineteenth century Kiowa viewed Longhorns as power 
symbols analogous to Bison—all of which bolsters my 
sense that the ranch’s aesthetic values are enhanced 
by these cattle’s wildness.11

Longhorns (Bos taurus) on the double Helix ranch are descended from 
domesticated iberian stock and thus from extinct wild Aurochs (B. primi-
genius). These magnificent mega-herbivores have been shaped by more 
than five hundred years of natural selection in a semi-arid North American 
landscape (Photo credits: H. greene).
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Hawk lurking by your birdfeeder. With money, votes, 
and tolerance, promote re-colonization by Pumas, 
Jaguars, Black Bears, and grizzlies to regions where 
they’ve been extirpated. Plan for a green burial. in a 
global context these are small steps, but they might 
help push us toward a wilder Earth.

Most of all, contemplate life and mortality in the 
wildest places possible—opportunities for backpack-
ing abound and encountering elephants at a low wa-
ter crossing in Kruger, even from a rental car, might 
well change your outlook. Whenever and wherev-
er you can, get out there with the mega-herbivores 
and natural born killers, then show friends and loved 
ones why you care about those animals. We’ve got a 
lot of tough decisions ahead of us.
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gerous organisms, however, remind us that wild also 
might mean knowingly, even if only vicariously, par-
ticipating in predator-prey relationships, nutrient cy-
cling, and other ecosystem processes. Wild thus could 
imply being responsibly more part of nature rather 
than less, engaged in ecological relationships instead 
of just pondering them—seeing where food comes from 
and where waste goes, acknowledging, at least from 
the sidelines, a risk of our own demise from predation. 
in thereby inspiring us, the megafauna likewise point 
to tamer but still useful notions of wildness, applicable 
to places people use heavily. Surely a university cam-
pus on which Cottontails nest in the flowerbeds and 
redtails pick off bunnies in front of students is wilder 
than one without those species.

Years ago tropical conservation ecologist dan 
Janzen rightly characterized humans as “wildland 
gardeners” who henceforth, for better or worse, will 
manage the Earth.14 As a nature-lover i want to save 
as much classical wilderness as possible, but outward 
from those enclaves of minimal impact will be re-
duced wildness, including the organisms that enliven 
our backyards and urban centers—a blessing we also 
should celebrate. Between those two extremes, as a 
new study from Europe demonstrates, we might again 
co-exist with a partially restored megafauna.15

How then, in that overall framework, can we re-
wild our individual lives? i believe we should do a lot 
less telling others what to value, a lot more showing 
them how and why nature matters to us, so in that 
spirit here are some examples from an admittedly 
privileged north American perspective. Take up hunt-
ing and fishing, buy Longhorn, Bison, or free-range 
beef—it’ll cost more, but eating less meat is good for 
nature. grow fruits and vegetables, butcher your own 
holiday turkey. do what it takes to accommodate a 
nearby Timber rattlesnake den, savor that cooper’s 

African Elephants (Loxodonta africana) and a White rhinoceros (cerato-
therium simum) in Kruger national Park, South Africa (Photo credits: H. 
greene).
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of John Muir [San Francisco, cA: Sierra club Books, 1986], xxiii); that Albert Schweitzer 
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schauth/rq17.html); and this from Ed Abbey, a man whose desert writings i admire and 
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. the white birth rate is about sixty per thousand females, the negro rate eighty-three per 
thousand, and the Hispanic rate ninety-six per thousand. Am i a racist? i guess i am. i cer-
tainly do not wish to live in a society dominated by blacks, or Mexicans, or Orientals. Look 
at Africa, at Mexico, at Asia” (see K. goetzman, “Was Edward Abbey racist and Sexist?” 
utne Blogs, July 30, 2009, at http://www.utne.com/environment/1751.aspx#axzz3M6E-
K30rg).
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protests may reflect not only long-standing 
political failings of governments, but also the 
sudden desperate straits of vulnerable popula-
tions. if food prices remain high, there is like-
ly to be persistent and increasing global social 
disruption. underlying the food price peaks we 
also find an ongoing trend of increasing pric-
es. We extrapolate these trends and identify a 
crossing point to the domain of high impacts, 
even without price peaks, in 2012–2013. This 
implies that avoiding global food crises and as-
sociated social unrest requires rapid and con-
certed action.2

nEcSi researchers point to the dangers of a 
buffer-less global system. Without any buffers, 
many destitute regions of the world will experience 
a loss of food security and large scale social violence 
and upheaval; but widespread instability has 
become a global issue as food supplies have become 
interdependent on trade and other global markets. A 
reform-oriented solution to these growing problems 
emerges for nEcSi, namely: solutions to problems 
in the international political economy include a re-
regulation and restriction of commodity markets as 
well as a reduction in ethanol production.3 considering 
systemic instability, however, will the implementation 
of structure-preserving buffers be adequate to the 
daunting realities?

This important question should be set in the 

For those concerned with both human and 
ecological well-being in the world today, it is 
essential to grasp the dynamics of the glob-
al political economy. in particular, the sys-

tem of capital should be viewed as a system using a 
thermodynamic (entropic) perspective. in this article 
i focus on the interrelationship among violence, cli-
mate change, and food production. Because the glob-
al system of capital is a high-input system, requiring 
massive amounts of matter, energy, and information 
to reproduce itself, it generates specific types of cri-
sis, internal to its own dynamics. However, low-input 
solutions to such crises are here possible, if the theo-
retical and ideological blind spots of neoliberalism can 
be overcome.

Scholars at the new England complex Systems 
institute (nEcSi) have put together impressive stud-
ies showing relationships between food shortages and 
“social unrest,” defined as a condition “[reflecting] a 
variety of factors such as poverty, unemployment, and 
social injustice.”1 Their research suggests a provoca-
tive conclusion:

despite the many possible contributing fac-
tors, the timing of violent protests in north 
Africa and the Middle East in 2011 as well as 
earlier riots in 2008 coincides with large peaks 
in global food prices. We identify a specific 
food price threshold above which protests be-
come likely. These observations suggest that 

The Political Economy of 
the Capital System: Food, 
Climate Change, and 
Violence
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reproducing its structurally necessary components as 
outputs. 

With respect to the reproduction of capital, the 
capital system must continuously convert the bulk of 
its energy, materials, and information into structural 
components that must be reproduced for the system 
to perpetuate itself over time, including:

• a structurally enforced inequality between capital 
and labor;

• constant accumulation of capital with expanding 
profit motive;

• a property system with private ownership of 
means of production;

• an uncontrollable world market with requisite 
production objectives of capital; 

• a nation-state system as framework of 
international relations.

Again, if a significant portion of these structurally 
necessary components of the system of capital are 
removed, the system demonstrates signs of a crisis 
and undergoes a radical change in its structure; it is 
threatened by collapse. not just food, then, but the 
following range of crisis-provoking conditions within 
our society can be linked to the political economy of 
capital:

• cyclical problems with over-accumulation and 
underproduction (boom and bust cycles);

• the appropriation of labor by capital (including 
the separation of the majority of the population 
from access to the inputs defining the means of 
subsistence)

• the structure of the ownership of means of 
production and the productive resources and 
technologies used to extract surplus labor; 

• over-dependency on hydrocarbon resources;
• the politics of nation-states and national 

identities within the various international 
relations frameworks as problems of political 
representation;

• the problem of poverty vis-à-vis global governance 
institutions like the international Monetary Fund 
and the World Bank (and, for instance, their 
control of agricultural surplus through tariffs and 
trade organizations). 

Specifying the structural make-up of the system of 
capital, then, as well as the relations that this system 
maintains with other, pertinent systems (ecological 
systems and systems of human labor) provides insights 
into the management and resolution of a variety of 
current crises. The system of capital generates the 

larger context of the global political economy and 
within conditions of climate change. Food crises 
and climate change in various ways are both linked 
to strategies of high-output industrial agricultural 
production. neoliberal policy and factory farming, for 
instance, promote such high-output strategies. in this 
article i will suggest an alternative to current high-
output global food production: low-input agriculture 
methods, which may offer insightful models for the 
future of food production and its management. 

poLiticaL ecoNomy: a systems vieW 

Why is there poverty and hunger alongside the 
rise of global temperatures while polar ice caps melt 
at unprecedented rates? Why are there, at the same 
time, violent revolutions throughout the Middle East 
and unidirectional tendencies toward militarization? 
Surely today’s crises are not isolated or random, but 
flow out in patterned forms from the deepest structures 
of our society and may be conceived on the rationale 
for the political economy upon which this society is 
based.4

From the systems point of view, the current 
international political economy is a precise result of 
the conditions by which structured forms of energy, 
materials, and information flow through, and are 
reproduced in, our social system with its overarching 
logic of capital. Societies, in order to exist as systems, 
must continuously reproduce specific structures, 
over time, in order to maintain their integrity against 

perturbations from the 
environment. if any one of 
these structures is removed, 
the system may undergo 
a crisis. For example, the 
feudal system depended 
on certain inputs, e.g., a 
surplus production of food, 
distributed in a certain 
proportion between lord and 
vassal, as well as on bonds 

of fidelity between these social groups. Ultimately, 
when these structural inputs were removed, the feudal 
system experienced multiple crises and collapsed (in 
the language of systems, the feudal system underwent 
a bifurcating phase change, opening the space for the 
system of capital to emerge). Thus, the idea is that 
the political economy of the system of capital can be 
understood by looking at the way it transforms inputs 
of energy, materials, and information in the service of 

Today the capital 
system is in danger 
of being unable to 
reproduce itself—its 
reliance on natural 
environments has 
become threatened.
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dissipative dynamics of the capital system.
in light of the core structural features outlined 

above, the system of capital appears to be a high-
input system. That is, the system’s reproduction, 
the sustaining of its structure, requires very high 
quantities, tons of inputs of energy, materials, and 
information and a corresponding high-input-oriented 
accumulation regime aimed at regulating the input-
output flows. The system of capital—and certainly not 
the current accumulation regime—is not sustainable, 
even on its own terms. Moreover, any functioning 
accumulation regime (along with the notion of political 
economy that theorizes the system) configured on 
such high-input parameters, must be configured in 
such a way that sustainability requirements demand 
high-input suppression of emerging crises.

How can such a complex system be analyzed? One 
must give up the attempt to derive effects from causes 
in any linear progression; one must give up the notion 
that forms of agent-based control can, in fact, steer a 
system precisely designed to be uncontrollable as part 
of its very structure. As the entropy of the system of 
capital increases, these points become all the more 
significant. We are at a bifurcating moment in the 
system’s trajectory where increases in its entropy 
mean increases in its fragility, and these in turn mean 
increases in its future non-predictability.

FeeDiNg peopLe aND sustaiNaBLe system FeeDBack Loops

i want now to consider and pursue robert 
Biel’s thermodynamic system perspective more fully. 
Food shortages and their links with violence must 
be analyzed by examining the entropy of capitalism, 
viewed as a system, holistically. Historically, the 
capital system has drawn its energy from two main 
sources—labor, especially in the global south, and 
environments, for example rainforests, from which 
capital has extracted timber for construction projects. 
Today the capital system is in danger of being unable to 
reproduce itself—its reliance on natural environments 
has become threatened. Thus, problems with the 
environment become problems within the system, 
compounded by the fact that capital’s other essential 
source of inputs, labor, is only getting hungrier. As 
the system confronts such crises it breaks down and 
is flooded with entropy, energy that it can no longer 
convert into useful inputs required for its maintenance 
and functioning.

Entropy registers the necessary conversion of 
inputs from the environment to some socially useful 

structural crises defining our world in virtue of its own 
structure and the necessity it, like all systems, has to 
dissipate or funnel entropy—a variety of waste products 
and unusable forms of energy—into its environment in 
order to reproduce itself. The process is not dissimilar 
to the ways in which biological organisms must take 
in food and also expel harmful waste products just in 
order to be.

Perhaps no one has gone further in this type of 
analysis than robert Biel in his study, The Entropy 
of Capitalism.5 Following his lead, we might apply a 
general framework of systems-analysis that allows us 
to make the following assumptions—assumptions that 
inform, in turn, our view of the political economy, its 
dynamics, and thus, the kinds of solutions we propose 
to systemic crises:

1. capital, in order to exist as a system, must
continuously reproduce specific structures, 
over time, in order to maintain its integrity 
against perturbations from the environment. 
it allows for a range of accumulation regimes 
(whether mercantilist, Taylorist, etc.) to 
dominate this continual reproduction of 
input-output transfer. Simplifying things a 
bit, the system of capital is in all likelihood 
undergoing a neoliberal policy–dominated 
accumulation regime, which acts, to a degree, 
as a form of (attempted) control or agency over 
the dissipative dynamics of the system.6

2. When these structural components of a
system are no longer reproducible, the system 
in question experiences an inter-linked set 
of crises and becomes highly susceptible to 
collapse.7 As the system confronts such crises 
it breaks down and is flooded with entropy, 
energy that it can no longer convert into 
useful inputs and outputs required for its 
maintenance and functioning.

3. The political economy of the system of capital,
including solutions to the crises it generates, 
can be understood by looking at the way the 
system of capital transforms inputs of energy, 
materials, and information in the service 
of reproducing its structurally necessary 
components as outputs.8 The point is to attain 
more concrete analytical results by examining 
long-term historical cycles and trends. Again, 
these mechanisms, dictated by structure, ought 
to be situated within the various accumulation 
regimes that attempt to force controls over the 
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itself, while the very logic of these regimes generates 
irresolvable contradictions, for example, when it comes 
to providing solutions to problems in food production. 
in this way, Biel’s perspective differs from the nEcSi 
view. The implementation of buffers and structural 
reforms will not suffice; what is needed is a radically 
different political economy, one capable of solving the 
food crises because it employs accumulation regimes 
based on low- rather than high-input production.

instead, a main strategy of the present capital 
system has been to reverse or offset diminishing 
returns in food production by increasing the use of 
high-input accumulation regimes associated with 
industrial and factory methods in farming, even while 
such methods have reached the point of diminishing 
returns. The problem is one of positive feedback, 
wherein the presence of an element in a system causes 
an increase of that element, forming a loop. On this 
logic, for instance, toxins from chemicals used to 
increase agricultural output can only be reduced by 
the use of even more chemicals.

Biel proposes a transition to low-input accumu-
lation regimes for food production in what he calls 
“urban agriculture.” He maintains that “surprisingly, 
small farms and gardens turn out to be more efficient 
than plantation agriculture.” Further, “this is the real 
significance of urban agriculture with sufficiently high 
productivity to make a serious contribution to feeding 
the people (this is the crucial condition), then we could 
afford to withdraw part of rural agriculture from the 
current, unsustainable system and still retain the total 
net food production while this part is being convert-
ed to organic, low-input methods.”10 Biel also cites the 
aquaponic greenhouse system technologies as anoth-
er example of his proposed low-input accumulation 
regimes.11 Where the system of capital requires the 
high-input regimes just to reproduce itself, low-input 
regimes require a different set of structural supports 
premised on the logic of a different political econo-
my—supports such as community-based food produc-
tion divorced from all the trappings of agribusiness.12 
The virtue of Biel’s proposal lies in the fact that low-in-
put agriculture would provide a systemic alternative 
to capital’s reproduction of its structurally embedded 
regimes of accumulation.

Beginning from an appreciation of this, climate 
change can be linked systemically—if not causally—
to outbreaks of violence. in a system based on high-
input dissipative dynamics, conditions are so complex 
as to require analysis of a multiplicity of causes and 

product. The system of capital converts inputs of 
natural resources and labor into what is ultimately 
the capital necessary for the reproduction of the 
system of capital. Here, food crises go hand in hand 
with environmental depletion on a wide scale, and all 
the while such depletion is compounded by climate 
change and human economic policies. Economic 
policies may harmfully ramify entropy in a system. 
Of course, one must carefully consider the role of the 
dominant neoliberal agricultural policy that sustains 
industrial and factory farming methods as a cause of 
food crises, both at the level of methods of production 
and at the level of food price regulation. naturally, bad 
policy may lead to a narrowing of the options available 
for the system of capital to dissipate its entropy into 
an environment. in his review of Biel’s The Entropy of 
Capitalism, blogger Luigi russi puts this point well:

Entropy, however, also refers to the ability to 
process information. in other words, as the 
system loses its ability to process diverse in-
formation and transform itself accordingly, 
it becomes responsive to only a narrow set of 
conditions and produces an even narrower set 
of responses that increase its fragility. So, for 
example, Biel looks at the progressive inabili-
ty of the system of capitalism to process infor-
mation that contradicts its basic core-periph-
ery dynamics and becomes caught in a spiral 
of financial instability and militarisation. This 
occurs because, on the one hand, finance—by 
reaping profits 
from risk—of-
fers distorted 
feedback by 
promoting the 
multiplication 
of risk through 
s p e c u l a t i o n , 
thereby muffling the stabilising feedback about 
the unsustainability of capitalist accumulation 
(which requires constant dissipation into an 
environment, which effectively becomes a “pe-
riphery”). Militarisation, on the other hand, is 
the response of late capitalist regimes to the 
increase in feedback which the system is un-
able to process and which is therefore bagged 
as chaos and subject to militaristic repression.9

in sum, the political economy of the system of 
capital deploys regimes of accumulation (modes of 
converting inputs to outputs) in order to sustain 

…incremental precaution
and sustainability measures 
[are] no longer capable of 
governing capitalism
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even small changes in earth’s temperature or rainfall 
correlated with a rise in assaults, rapes, and murders, 
as well as group conflicts and war. Wright also draws 
attention to the study’s prediction of what we have 
reported here, namely, that such increases in these 
phenomena are likely to lead to compounded violence.

Wright then cites a useful, concrete example of 
the genocide in Darfur where conflicts over access 
to water led to violence and notes that changes in 
climate may reinvigorate violent conflict between 
“historic adversaries that have remained dormant in 
less turbulent times.”15 An article by rebecca Morelle 
cites an increase in domestic violence in india during 
droughts as another example.

While the existence of climate change—even 
anthropogenetic climate change—may be undeniable, 
it is less certain whether strong or direct correlations 

can be drawn between 
violence and climate 
change. This point 
was made by the 
researchers from 
the “Quantifying the 
Influence of Climate 
on Human Conflict” 
study. Might it not be 

the case that economic factors play the key mediating 
role between the phenomena of violence and climate 
change such that the link between the two is frustrated, 
indirect, and specious? can it be said with any degree 
of accuracy, as the researchers involved in the study do 
say, that a 2-degree celsius (3.6-degrees Fahrenheit) 
rise in global temperature is enough to correlate with an 
increase by 15 percent in personal crimes, a more than 
50 percent increase in these crimes in certain regions? 
Some scientists are skeptical of these conclusions. 
Morelle notes that work published in the Proceedings 
of the National Academy of Sciences suggests that 
“this environmental factor” was not to blame for civil 
war in Africa, but was “linked to other factors such 
as high infant mortality, proximity to international 
borders and high local population density.”16

clearly there is a need for further questioning and 
debate on this problem. i would only note that those 
who are skeptical regarding the cause of violence 
by climate change may be making a mistake by not 
addressing such issues from a systems-theoretic point 
of view. The governance and ethical problems of the 
future may increasingly require this approach, rather 
than a perspective within which rational actors act out 

effects on any, apparently, single phenomenon. Here, 
multiple causes may play a role in outcomes while 
multiple effects may react back on their causes and 
multiply them in turn. Such a logic of multiplicity 
flies in the face of liberal politics, which relies on 
policymakers to manipulate human effects on the 
surrounding environment in the direction of rationally 
desirable, that is to say, sustainable, ends. As Biel sees 
it, a progressive liberalism of incremental precaution 
and sustainability measures is no longer capable of 
governing capitalism because the capital system of 
accumulation is now in a state where its dissipation of 
entropy is magnifying its uncontrollability, smashing 
the liberal logics of causation and progression. 
The social and environmental spin-offs of capital 
accumulation (climate, violence, prices, etc.) are 
experiencing the mechanisms of a series of positive 
feedback loops and are thus spiraling out of control 
(thus increasing the fragility of the system). For 
example, we live in a world where financial instability 
increases the necessity of militarization to control, say, 
consequent outbursts of violence linked to hunger on 
the streets; where the control centers of the financial 
system react—through structurally determined 
mechanisms—by tapping into markets promoting 
the militarization tendency generally as an ineffective 
means of control of violence or else of securing its own 
markets, thus influencing further rises in violence and 
financial instability.13

To comprehend the inter-linkages, the specific 
relations among climate change, violence, and food, a 
similar understanding of systemic inter-linkages must 
be cultivated. We should say that rising temperatures 
do not correlate with violence causally, but 
systemically, with corresponding notions of feedback, 
and circular or retroactive causality (notions generally 
rejected within any liberal political philosophy 
supporting the system of capital under its dominant 
neoliberal ideology). in an August 2, 2013 post at 
Firedoglake.com entitled, “rises in violence Linked 
to climate change,” d.S. Wright notes, “some of the 
effects of a changing climate on the planet are pretty 
obvious—crop damage, higher energy bills and lower 
standards of living. One consequence that might not 
be so obvious to many is the resulting violent conflicts. 
A bad situation will lead to worse situations.”14 Wright 
cites a study, “Quantifying the Influence of Climate on 
Human Conflict,” noting that it reports “a substantial 
correlation between climate and violent conflict.” 
The study isolates what should be a surprising fact: 

Food crises and climate 
change in various ways are 
both linked to strategies 
of high-output industrial 
agricultural production.

http://www.bbc.co.uk/news/science-environment-23538771
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causes and phenomena adhere to linear progressions 
of causes causing effects directly. i suggest that such 
simplistic expectations concerning systemically 
inter-linked phenomena are not only unsatisfactory, 
but they are a very part of the ideology upon which 
the system thrives. What are too often prescribed as 
policy changes within the current political economy, 
bent on maintaining the continued functioning of its 
accumulation regime, borrow from a similar rationale.

coNcLusioN

The current accumulation regime of the system of 
capital is not sustainable, even on its own terms—the 
terms of its own continual reproduction. Moreover, 
any functioning accumulation regime (along with 
the notion of political economy that theorizes the 
system) configured on such high-input parameters, 
must be configured in such a way that sustainability 
requirements demand high-input suppression of 
emerging crises. This logic leads to increasing social 
turmoil and violence. robert Biel’s theorization of a 
low-input alternative to capital’s high-input dynamics 
and his proposal for urban agriculture as a potential 
low-input solution to issues in food give us a starting 
point for a new systemic understanding of political 
economy.

Even incremental reforms that fall far short of 
altering the logic and feedback loops of the political 
economy are politically stymied in many of the key 
nations of the world. Should liberal governance 
somehow succeed in implementing them, such 
reforms would still be wholly inadequate to the task 
of resolving global crises. if climate crises are a result 
of the structure of the current political economy, then 
no reform measures will prove sufficient. Similarly, 
if the food crises are a result of the structure of the 
current political economy, then no reform measures 
such as those proposed by NECSI will prove sufficient. 
A revolution in the very structure of the political 
economy that produces crises in the first place may 
prove to be the only viable solution. What is required 
is a political economy based on entirely different 
structures of systemic reproduction and allied regimes 
of accumulation. The concepts and even frames of 
perception we use to analyze political economy also 
must become non-standard and unconventional.
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central preoccupation of feminist theory for many 
decades. This is because historically women have 
been understood to be closer than men to the material 
aspect of existence. The assimilation of women to 
matter most frequently functions either as a way to 
denigrate them as being the more passive sex, or as an 
explanation for why their subservient roles are fixed 
in nature and cannot be changed. in both cases, the 
nature of matter itself becomes a problem for women, 
and thus for feminist theory. As feminists seek to 
fight oppression and patriarchy, they have strong 
motivation to question the nature of materiality itself.

recent feminist work on the dynamism of 
matter begins by locating and challenging two key 
presuppositions of the mechanistic view of matter: 
that matter is “passive,” and that matter is “separable.” 
in Western thought, matter is passive in the sense 
that any impetus for change or dynamism must be 
given to it from without; it has no agency of its own. 
When matter moves or changes, it is only behaving 
according to fixed, universal, timeless laws, or as the 
product of accidental interactions with other matter 
also behaving according to these laws. Otherwise, 
any additional motion or change must come from the 
active input of an intentional (usually human) subject. 
Thus, as diana coole puts it, “matter is essentially 
passive stuff, set in motion by human agents who 
use it as a means of survival, modify it as a vehicle of 
aesthetic expression, and impose subjective meanings 

i think my problem and “our” problem is how 
to have simultaneously an account of radical 
historical contingency for all knowledge claims 
and knowing subjects, a critical practice for 
recognizing our own “semiotic technologies” 
for making meanings, and a no-nonsense com-
mitment to faithful accounts of a “real” world, 
one that can be partially shared and friendly to 
earth-wide projects of finite freedom.
  —donna Haraway1

At least since the time of descartes and new-
ton, Western thought has understood mat-
ter, including the matter of living bodies, 
to be basically and primarily mechanistic 

in nature. But in recent years, philosophers and theo-
rists have been explicitly challenging this ontology and 
seeking to put forth new, more dynamic theories of 
materiality. These theories, often grouped under the 
label “feminist materialisms” or “new materialisms,” 
offer illuminating accounts of the limits of mechanis-
tic understandings of matter and give some excellent 
examples of the theoretical and practical benefits of 
this renewed understanding of matter’s vitality. Their 
work sets the stage for a revolution in how we conceive 
of the place of human beings, as creatures of embod-
ied life, in nature and the material world.

Thinking about and theorizing the nature of matter 
and materiality as it relates to human life has been a 

Toward a New 
Materialism: Matter as 
Dynamic 
By raCHel tillman
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and nature have been used to delimit women’s roles 
in society, they have done so without questioning 
the mechanistic understanding of matter as inert, 
passive, or separable. The notions of nature and 
matter as being “fixed” were challenged by feminists 
because these notions were the ontological basis for 
essentialist and deterministic claims about women’s 
inferior abilities, natures, and inescapable roles in 
society. But feminists challenged this by refusing 
nature, not by reconceptualizing it. Some attempted 
to differentiate women from materiality and fixed 
definitions of their nature by demonstrating the 
non-natural essence of these definitions—the “social 
constructionist” approach—while others embraced 
women’s identification with the material aspect of 
existence, seeking ways to find empowerment within 
it. But on the whole the social constructionist approach 
has dominated feminist theory.

in practice, social constructionist theories of 
reality tend to subsume nature into culture. Karen 
Barad describes the problem thus: “Language has 
been granted too much power…it seems that at every 
turn lately every ‘thing’—even materiality—is turned 

into a matter of 
language or some 
other form of cultural 
representation.”4 The 
body—including the 
human body, to say 
nothing of the rest of 
the natural world—is a 
mere blank slate upon 
which discourse writes 

its stories, and biology itself has no agential force or 
dynamism. The body may be culturally or discursively 
shaped or determined, inscribed, politicized, or 
performed, but the biological body itself is simply a 
passive recipient of these activities. Elizabeth Wilson 
sums up the situation succinctly: “The body at the 
center of these projects is curiously abiological—its 
social, cultural, experiential, or psychical construction 
having been posited against or beyond any putative 
biological claims.”5

This view is deeply impoverished. The lack of 
understanding of the agency of matter is a source 
of deep theoretical difficulty across the natural and 
human sciences. Social constructionist theories affirm 
the constitutive force that language possesses, but 
they have no way to explain what, if anything, could 
constrain this power of language to shape and form. 

upon it…Yet is it not possible to imagine matter quite 
differently: as perhaps a lively materiality that is self-
transformative and already saturated with the agentic 
capacities and existential significance that are typically 
located in a separate, ideal, and subjective realm?”2 
Technological mastery of matter is an intended and 
logical consequence of the mechanistic view. Matter’s 
openness to being shaped at our will, its lack of agency, 
implies that we can safely consider its desire, will, or 
volition not to be an impediment to accomplishing 
what we will, if only because matter has neither desire, 
will, nor volition.

A related element of the mechanistic conception 
is that matter is separable. This conception entails 
two consequences. First, it presupposes a substantial 
divisibility between matter and mind. This mind-body 
separation has permeated our self-understanding of 
what it means to be thinking subjects and led many 
to the conclusion that cognition and thought are not 
activities of matter or material bodies. As vicki Kirby 
writes, “it seems that the cartesian subject has to 
admit that s/he has a body (that attaches to the self), 
and yet s/he is somehow able to sustain the belief that 
s/he is not this body. This denial is necessary because 
to contest the latter and all its possible consequences 
would at least suggest that it might be in the nature of 
the biological body to argue, to reinvent, and rewrite 
itself—to cogitate.”3

Moreover, a notion of matter as separable 
also assumes that we can divide matter easily and 
unproblematically from other bits of matter because 
matter is made up of parts that are essentially 
isolable. The classical understanding of the atom is an 
instantiation of this view. One pervasive consequence 
of the atomistic understanding of matter is that 
because matter exists in isolable entities, wholes 
are nothing more than the sum of their parts. The 
mechanistic view of matter, therefore, would indicate 
that the functioning of parts is sufficient to explain 
the existence and the functioning of the whole. in 
fact, despite the non-mechanistic developments of 
quantum physics, modern biology and chemistry 
as a whole have continued to break material bodies 
into smaller and smaller constituent parts, assuming 
that if we do enough research on these parts, we will 
eventually be able to understand the whole of nature.

matter aND sociaL coNstructioNism

Although heretofore feminists have fought the 
oppressive way that traditional conceptions of matter 

in Western thought, 
matter is passive in the 
sense that any impetus for 
change or dynamism must 
be given to it from without; 
it has no agency of its own.
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that never sits still—an ongoing reconfiguring 
that exceeds any linear conception of dynam-
ics in which effect follows cause end-on-end, 
and in which the global is a straightforward 
emanation of the local. Matter’s dynamism is 
generative not merely in the sense of bringing 
new things into the world but in the sense of 
bringing forth new worlds, of engaging in an 
ongoing reconfiguring of the world.6

She demonstrates this material agency by looking 
closely at some lessons to be drawn from Bohr’s 
work about the entanglement not only of material 
particles with one another, but also of the matter that 
scientists study with scientific concepts, methods, and 
laboratory practices. According to Barad, the lesson we 
should take from quantum physics is that matter does 
not come in discrete, separate, pre-existing packages 
that already have concrete properties. instead, within 
particular interactions, certain properties become 
determinate while others are specifically excluded 
(Bohr’s concept of complementarity).7

This means that the material arrangements of 
the experimental situation are an important and 
constitutive component of the physical reality they 
measure. indeed, the actual nature of the material 
world is constitutively underdetermined. The actual 
“nature” of any phenomenon being studied becomes 
determinate only within a particular context of 
engagement. Laboratory experiments designed to 
measure matter itself as a separate entity actually show 
that matter and mind (ideas, concepts, and social/
scientific practices) are deeply interrelated. In fact, 
they are all part of the same physical reality. When we 
distinguish the material “objects” of our study, such as 
the “particle or wave” nature or “position or location” 
of particles that quantum physicists study, we can 
only delineate these objects by making intentional 
divisions in the world through experimental or other 
kinds of apparatuses. Our “cuts” help to constitute 
these objects as what they are.

nonetheless, objectivity is preserved, according 
to Barad, because these cuts are reproducible and 
communicable. not only this, but such measurements 
also have definite meaning because matter and 
material agency contribute to how reality comes to 
be configured (and perceived). This is true both in 
the lab and in the world. The shape, size, weight, and 
availability of materials, the behavior of the matter 
we are studying (i.e., electrons) and other contingent 
material conditions actively shape the world we live in 

The time has come to think about another path to 
freedom from overly restrictive conceptions of nature 
and biology, to rethink the very reality of nature and 
of matter itself, and to move away from the deep 
theoretical divide between the cultural and the natural.

Against the tendency of both post-structuralist 
and social constructionist theorists to dismiss the 
active role matter plays in shaping our world, feminist 
materialists insist that we must reaffirm the ontological 
significance of materiality. These thinkers demonstrate 
that we cannot separate matter from mind or from 
other matter as if matter was an isolable, independently 
existing entity. Feminist materialism highlights the 
dynamic relation between mind and matter (including 
will, intention, intellect, and social and cultural 
forces), showing how these interact in important and 
dynamic ways. This relational, interactive matter is 

not and cannot be 
inert and passive. 
instead, matter is 
dynamic and has 
its own kind of 
agency. Agency, in 
the most general 
sense, implies an 

ability to cause some kind of change. The agential view 
of matter put forth by feminist materialists in turn 
implies a renewed understanding of the relationships 
among ontology, epistemology, ethics, and politics. 
The work of two thinkers in particular, Karen Barad 
and nancy Tuana, provide excellent examples of this 
perspective.

ageNtiaL reaLism

Karen Barad is co-founder of the Science and 
Justice research center at the university of california 
Santa cruz. She offers an account of the dynamism 
and agency of matter and seeks to reinvigorate the 
theoretical links between ontology and epistemology. 
in Meeting the Universe Halfway, Barad puts forth a 
view that she calls “agential realism.” Her view is like 
scientific realism in that it accounts for a real material 
world. But unlike scientific realism, agential realism 
does not posit matter that is inert and exists separately 
from mind. instead, she maintains that matter has 
agency and is interconnected with human knowers, 
shaped by them and shaping them as well:

in agential realism’s reconceptualization of 
materiality, matter is agentive and intra-ac-
tive. Matter is a dynamic intra-active becoming 

The lack of understanding 
of the agency of matter is a 
source of deep theoretical 
difficulty across the natural 
and human sciences.



TOWARD A NEW MATERIALISM: MATTER AS DYNAMIC  34

Minding nature 8.1

rAcHEL TiLLMAn

of self and other…A delicate tissue of ethicality runs 
through the marrow of being. There is no getting away 
from ethics.”9 We are not outside observers, nor the 
only intentional agents in the world, but we are always 
interactively responsible for co-creating what is.

iNteractioNist oNtoLogy

nancy Tuana is the founding director of the rock 
Ethics institute at Penn State university. Her work 
is similarly oriented toward the epistemological and 
ethical implications of a more dynamic ontology. 
Tuana was one of the first feminist theorists to 
advocate a theoretical shift undermining the 
ontological and epistemological divide between the 
natural and the social or the cultural. She calls her 
view an “interactionist ontology.” Like Barad, Tuana’s 
call to “interactionism” involves the recognition that 
the social and the natural are not isolable, pre-existing 
entities. instead, they are two forces that interact to 
bring about the world we know and are. interactionism 
therefore requires that we take account of the agency of 
the material, even while we “rematerialize the social.” 
The epistemology called forth by this ontology is both 
viscous and porous, according to Tuana. viscosity 
refers to the resistance of matter to changing form, 
which makes it thus somewhat reliable as an object of 
knowledge, while porosity acknowledges the mutual 
influence of the material and the social.

The assumed ontological divide between matter 
and mind—between nature and culture—Tuana argues, 
has deeply impoverished our thinking. understanding 
how these aspects interact can reinvigorate the stale 
debate between social constructionism and realism. As 
she states in her article “viscous Porosity: Witnessing 
Katrina,”

i have argued that feminists must avoid the 
divide of realism vs. social constructivism, for 
neither framework is adequate. Both are em-
bedded in a problematic nature/culture schism 
that does not do justice to the complexity of 
interactions of phenomena. interactionism 
enables us to dissolve the divisions between 
these two poles and transform the terms of the 
debate…interactionism is a metaphysic that 
removes any hard-and-fast divide between na-
ture and culture, while at the same time trou-
bling the division between realism and social 
constructivism…interactionism posits a world 
of complex phenomena in dynamic relational-
ity.10

and study. In fact, the role of matter is so significant 
that Barad labels the relationship between humans and 
other agents and material reality as being one of “intra-
action,” as opposed to the traditional “interaction.” 
Agents, human and material, “intra-act” to create 
specific material phenomena. We are dynamically 
engaged with matter and it with us. Agency is not a 
feature of subjects or objects, since these do not pre-
exist their active entanglement. instead, agency is 
about making change through intra-activity.

Barad seeks to demonstrate the critical 
epistemological and ethical implications of the 
originary ontological relationality of matter. Western 
ontological conceptions of matter as inert and passive 
are deeply tied up with epistemological theories and 
assumptions about what can be known by whom and 
how knowledge is obtained. Traditionally Western 
epistemology operates on the basis of a subject/
object divide in which the knowing subject looks out 
at a separate and independent material reality that 
corresponds to, or is represented by, the concepts and 
other epistemological data (beliefs, ideas, etc.) formed 
in his mind. in this schema, matter is construed simply 
as the inert “stuff” of which the known, non-cognitive 
world is formed.

Against this, Barad argues that: “The common-
sense view of representationalism —the belief that 
representations serve a mediating function between 
knower and known…displays a deep mistrust of 

matter, holding it off at 
a distance, figuring it 
as passive, immutable, 
and mute, in need of 
the mark of an external 
force like culture or 
history to complete 
it.”8 Barad’s work 
shows that attending 
to the dynamic 

nature of material reality changes the possibilities 
of knowledge and certainty. She also insists that 
the ontological and epistemological relationality of 
matter means that we are always already engaged in 
a relationship of responsibility with the world. Our 
interactions with matter are ethically charged because 
of the mutually performative relationship between 
humans and matter. responsibility is not something 
we commit to or choose, but an “incarnate relation 
that precedes the intentionality of consciousness… [it] 
entails an ongoing responsiveness to the entanglements 

The time has come…to 
rethink the very reality of 
nature and of matter itself, 
and to move away from 
the deep theoretical divide 
between the cultural and 
the natural.
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tices themselves often involve articulations of 
differences, but with an interactionist under-
standing of these differences being fluid, un-
folding, and situated, epistemic responsibility 
requires this enhanced responsiveness. Know-
ing well is a matter both of moral-political and 
of epistemic concern.12

This responsibility is not only epistemological and 
ethical, but it is also political. using Katrina as a salient 
example of an “environmental” event, Tuana argues 
that we have urgent ethical and political motivations 
to reconfigure our understandings of materiality and 
how it is related to sociality and culture. According 
to Tuana, a “natural” disaster like what happened in 
Louisiana in the aftermath of Hurricane Katrina can 
only be properly understood and prevented if we 
account for the ways the social, political, and natural 
aspects of the situation interact historically. not only 
the warm waters of the gulf, but also the geographical 
history of the region, the psychology of living below 
sea level, institutionalized racism and poverty, and 

the economics of the 
region and the nation 
are all part of what 
made Katrina what 
it was. She explains, 
“Witnessing the 
world through the 
eyes of Katrina 
reveals that the social 
and the natural, 
nature and culture, 

the real and the constructed, are not dualisms we can 
responsibly embrace…nature/culture is a problematic 
ontology—not just for the human world, but for what 
is, as well as what might yet be.”13 The various aspects 
of the Katrina disaster are proof that we need a deeply 
interactionist ontology and epistemology if our ethics 
and politics are to be just and effective.

Katrina, herself, and interaction between what 
we have labeled the ‘social’ and the ‘natural,’ 
flooded us with thousands of interactions…
Witnessing children and adults, the firm and 
the infirm, struggling to stay afloat, at first lit-
erally, and later regarding  finding adequate 
food, water, shelter, we watched a complex 
interaction between social structures—class, 
governmental emergency reactions, and so 
forth—and thousands of human and non-hu-
man animals.14

This interactionist ontology also necessitates 
a revolution in how we think about the study of the 
world. As this ontology undermines traditional 
divisions between “nature” and “culture,” it also 
undermines the divide between the sciences and the 
humanities. This makes interdisciplinary work across 
the sciences and the humanities not merely an option, 
but a necessity. in Tuana’s words:

The separation of nature and culture has im-
poverished our knowledge practices. We posit 
a reasonably predictable natural world and a 
far less law-governed social realm. The natural 
sciences emerged from this model of the natu-
ral, divorced from the social. The humanities 
and the social sciences have focused on the 
social divorced from the natural—represen-
tations, meanings, institutions. But the world 
in which we live cannot be divided in this way 
into two neat and tidy piles…it is the interac-
tion between them that is the world that we 
know and are of.11

in “viscous Porosity,” Tuana demonstrates how 
this multi-faceted accounting for the agency of matter 
is also deeply bound up with both ethics and politics. 
For one thing, our understanding of what is “natural” 
and what is “social” is really a matter of choice, and 
thus of ethics. Following Lorraine code, she insists 
that these epistemological choices require the exercise 
of responsibility. in her words:

interactionism acknowledges the robust po-
rosity between phenomena that destabilizes 
any effort to finalize a nature/culture divide. 
We can, and often need, to make distinctions 
between such poles, but it is crucial not to see 
these distinctions as ‘natural kinds’ or to read 
them as reflecting a dualism. In other words, 
we do not simply ‘read’ such distinctions from 
nature, but take epistemic responsibility for 
the distinctions we employ. As Lorraine code 
so persuasively argued, we cannot separate 
epistemic analysis from ethical analysis. To 
know well, we must be responsive to the dif-
ferences articulating themselves in our experi-
ences and practices, along with being attentive 
to how the distinctions we embrace, in part, 
construct our experiences, as well as how these 
distinctions are enacted in social practices, 
how they enable as well as limit possibilities 
and for whom, what they conceal as well as 
what they reveal, and so on. Knowledge prac-

The various aspects of 
the Katrina disaster are 
proof that we need a deeply 
interactionist ontology and 
epistemology if our ethics 
and politics are to be just 
and effective.
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The poverty, the toxic spills, the breaks in the levees, 
even the strength of the hurricane—these require 
interdisciplinary, integrated, interactionist lenses 
if we are to not only make sense of what happened, 
but also build a world where another Katrina does 
not happen. Tuana’s “witnessing” of Katrina is a call 
to leave behind entirely the ontology division between 
nature and culture and to understand anew our life 
and being in the world.

coNcLusioN

Feminist materialism is not simply an account of 
reality. it also entangles ontology with epistemology, 
politics, and ethics, showing how knowing the 
material world differently allows us to acknowledge 
its influence on experienced reality, thus enabling us 
to create new ways of doing politics and ethics that 
move beyond the dualism of biological determinism 
or unimpeded cultural determination. reconstruing 
matter as having dynamic agency is therefore an 
ethical and political task, as well as an ontological and 
epistemological one.
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lipid. Such primitive cells provided a protected space 
for catalytic reactions that decreased and stabilized 
the internal energy state within the cell, and from 
which life could emerge. crucially, that cellular 
space permits the circumvention of the second law of 
thermodynamics. (The entropy of an isolated system 
such as a cell never decreases since such systems 
always decay toward thermodynamic equilibrium as a 
state of maximum entropy.) That violation of physical 
law is the essential property of life as self-organizing 
and self-perpetuating, always in flux, staying apace 
with, and yet continually separable from a stressful, 
ever-changing external environment.

Even from the inception of life, rising calcium 
levels in the ocean have driven a perpetual balancing 
selection for calcium homeostasis, mediated by lipid 
metabolism. Metaphorically, the greeks called it 
Ouroboros, an ancient symbol depicting a serpent 
eating its own tail. 

The Ouroboros embodies self-reflexivity or 
cyclicity, especially in the sense of something constantly 
re-creating itself. Just like the mythological Phoenix, it 
operates in cycles that begin anew as soon as they end. 
critically, the basic cell permits the internalization 
of factors in the environment that would otherwise 
have destroyed it—oxygen, minerals, heavy metals, 
micro-gravitational effects, and even bacteria—all 
facilitated by an internal membrane system that 
compartmentalized those factors within the cell to 

“it is a country…with innumerable lakes and 
rapid streams, peopled with trout.”
 - H.d. Thoreau, The Maine Woods

iN the BegiNNiNg

The traditional perspective for physiology, as 
portrayed by galen and Harvey, is like Lego 
Blocks, with one biochemical process linked 
to another until an entire biochemical struc-

ture is revealed. in contrast to that post facto narra-
tive, a predictive approach can be asserted—there ac-
tually are founding first principles for physiology that 
originated in and emanate from the unicellular stage 
of life. Einstein’s insight to relativity theory emerged 
from a dream in which he traveled in tandem with a 
light beam, seeing it as an integral particle and wave. 
Similarly, viewing physiology as a continuum from 
unicellular to multi-cellular organisms provides fun-
damental insight to ontogeny and phylogeny as an 
integral whole, directly linking the external physical 
environment to the internal environment of physiol-
ogy, and even extending beyond, to the metaphysical 
realm, bearing in mind that the calcium waves that 
mediate consciousness in paramecia and in our brains 
are one and the same mechanism.

Life probably began much like the sea foam that 
can be found on any shoreline, since similar lipids 
naturally form primitive “cells” when vigorously 
agitated in water. Algae, for example, are 90 percent 

Man Is Integral With 
Nature
By joHn s. torday and W.b. miller, jr.
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calcium. ultimately, the advent of cholesterol synthesis 
facilitated the incorporation of cholesterol into the 
cell membrane of eukaryotes, differentiating them 
(our ancestors) from prokaryotes (bacteria), which 
are devoid of cholesterol. This process was contingent 
on an enriched oxygen atmosphere, since it takes 
six oxygen molecules to synthesize one cholesterol 
molecule. The cholesterol-containing cell membrane 
thinned out, critically increasing oxygen transport, 
enhancing motility through increased cytoplasmic 
streaming, and was also conducive to endocytosis, or 
cell eating.

All of these processes are the primary characteris-
tics of vertebrate evolution. At some point in this 
progression of cellular complexity, impelled by oxy-
gen-promoting metabolic drive, the evolving physio-
logic load on the system resulted in endoplasmic re-
ticulum stress, periodically causing the release of toxic 
calcium into the cytoplasm of the cell. The counterbal-
ancing, or epistatic mechanism, was the “invention” 
of the peroxisome, an organelle that utilizes lipids to 
buffer excess calcium. That mechanism became ho-
meostatically fixed, further promoting the movement 
of ions into and out of the cell. importantly, the in-
ternalization of the external environment by this 
mechanism reciprocally conveyed functional biolog-
ic information about the external surroundings, and 
promoted intracellular communication—what claude 
Bernard referred to as the “internal milieu.” 

Walter B. cannon later formulated the concept 
that biological systems are designed to “trigger 
physiological responses to maintain the constancy of 
the internal environment in face of disturbances of 
external surroundings,” which he termed homeostasis. 
He emphasized the need for reassembling the data 
being amassed for the components of biological 
systems into the context of whole organism function. 
Hence, in 1991, Weibel, Taylor, and Bolis tested their 
theory of “symmorphosis,” the idea that physiology has 
evolved to optimize the economy of biologic function; 
interestingly, the one exception to this theory was the 
lung, which they discovered was “over-engineered,” 
but more about that later.

Harold Morowitz is a proponent of the concept 
that the energy that flows through a system also helps 
organize that system. West, Brown, and Enquist have 
derived a general model for allometry (the study of the 
relationship of body size to shape, anatomy, physiology, 
and behavior). They proposed a mathematical model 
demonstrating that metabolism complies with the 3/4 

make them useful. These membrane interfaces are the 
biologic imperative that separates life from non-life—
“good fences make good neighbors.”

the aDveNt oF muLticeLLuLarity

unicellular organisms dominated the earth for the 
first 4.5 billion years of its existence. Far from static, 
these organisms were constantly adapting. From them, 
the simplest plants evolved first, producing oxygen 
and carbon dioxide that modified the nitrogen-filled 
atmosphere. The rising levels of atmospheric carbon 
dioxide, largely generated by blue-green algae, acidified 
the oceans by forming carbonic acid, progressively 
leaching more and more calcium from rock into the 
ocean waters, eventually forcing a proliferation of life 
from sea to land.

The existence of a protected space within primitive 
“cells” allowed for the formation of the endomembrane 
system, giving rise to chemiosmosis, or the generation 
of bioenergy through the partitioning of ions within 
the cell, much like a battery. Early in this progression, 
the otherwise toxic ambient calcium concentrations 
within primitive cells had to be lowered by forming 
calcium channels, composed of lipids embedded within 
the cell membrane, and the complementary formation 
of the endoplasmic reticulum, an internal membrane 
system for the compartmentalization of intracellular 

Ouoroboros, an ancient symbol depicting a serpent eating its own tail. im-
age by Abake, Wikimedia commons
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its logical conclusion, all metazoan traits must have 
evolved from their unicellular origins.

evoLutioN, ceLLuLar-styLe

Moving forward in biologic space and time, how 
might such complex traits have come about? Physio-
logic stress must have been the primary force behind 
such a generative process, transduced by changes in 
the homeostatic control mechanisms of cellular com-
munication. When physiologic stress occurs in any 
complex organism, it increases blood pressure, caus-
ing vascular wall shear stress, particularly in the mi-
crovascular beds of visceral organs. Such shear stress 
generates reactive oxygen species (rOS), specifically 
at points of greatest vascular wall friction. rOS are 
known to damage dnA, rnA, and proteins, and to 
particularly do so at those sites most affected by the 
prevailing stress. This can result in context-specif-
ic gene mutations, and even gene duplications, all of 
which can profoundly affect the process of evolution. 
So we should bear in mind that such genetic changes 
are occurring within the integrated structural-func-
tional context of that tissue and organ. However, 
understanding the biochemical processes undergird-
ing the genetic ones equips a profound and testable 
mechanism for understanding the entire aggregate of 
genetic changes as both modifications of prior genetic 
lineages, and yet “fit enough to survive” in their new 
form.

Over evolutionary time, such varying modifications 
of structure and function would iteratively have altered 
various internal organs. These divergences would 
either successfully conform to the conditions at hand, 
or failing to do so, cause yet another round of damage-
repair. Either an existential solution was found or the 
organism became extinct; either way, such physiologic 
changes would have translated into both phylogenetic 
and ontogenetic evolution. Such an evolutionary 
process need not be unidirectional. in the forward 
direction, developmental mechanisms recapitulate 
phylogenetic structures and functions, culminating 
in homeostatically controlled processes. And in the 
reverse direction, the best illustration lies with the 
genetic changes that occur under conditions of chronic 
disease, usually characterized by simplification of 
structure and function. For example, all scarring 
mechanisms are typified by fibroblastic reversion to 
their primordial signaling pathway. This sustains the 
integrity of the tissue or organ through the formation 
of scar tissue, albeit sub-optimally, yet allowing the 

power law for metabolic rates (i.e., the rate of energy 
use in mammals increases with mass with a 3/4 
exponent). Back in 1945, Horowitz hypothesized that 
all of biochemistry could be reduced to hierarchical 
networks, or “shells.” Based on these decades of study, 
investigators acknowledge that there are fundamental 
rules of physiology, but they do not address how and 
why these rules have evolved.

As eukaryotes thrived, they experienced increasing 
pressure for metabolic efficiency in competition with 
their prokaryotic cousins. They ingested bacteria via 

endocytosis, which 
were assimilated as 
mitochondria, providing 
more bioenergy to the 
cell for homeostasis. 
Eventually, eukaryotic 
metabolic cooperativity 
between cells gave 
rise to multi-cellular 

organisms, which were effectively able to compete 
with prokaryotes. As Simon conway Morris has archly 
noted, “First there were bacteria, now there is new 
York.” Bacteria can act like multicellular organisms 
through such behavioral traits as quorum sensing and 
through biofilm formation, thus behaving, even at this 
primitive stage, as a pseudo-multicellular organism. 
The subsequent counter-balancing selection evolution 
of cellular growth factors and their signal-mediating 
receptors in our vertebrate ancestors facilitated 
cell–cell signaling, forming the basis for metazoan 
evolution. it is this same process that is recapitulated 
each time the organism undergoes embryogenesis.

This cellular focus on the process of evolution 
serves a number of purposes. First, it regards the 
mechanism of evolution from its unicellular origins as 
the epitome of the integrated genotype and phenotype. 
This provides a means of thinking about how and 
why multicellular organisms evolved, starting with 
the unicellular cell membrane as the common origin 
for all evolved complex traits. Further, it offers a 
discrete direction for experimentally determining 
the constituents of evolution based on the ontogeny 
and phylogeny of cellular processes. For example, it 
is commonplace for evolution scientists to emphasize 
the fact that any given evolved trait had its antecedents 
in an earlier phylogenetic species as a pre-adapted, 
or exapted, trait. These ancestral traits can then 
subsequently be cobbled together to form a novel 
structure and/or function. inescapably, if followed to 

the calcium waves that 
mediate consciousness 
in paramecia and in our 
brains are one and the 
same mechanism.
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of land adaptation. This pituitary-adrenal cascade 
would have amplified the production of adrenaline 
in the adrenal medulla, since corticoids produced in 
the adrenal cortex pass through the microvascular 
arcades of the medulla on their way to the systemic 
bloodstream. This passage of corticoids through the 
medullary labyrinth enzymatically stimulates the 
rate-limiting step in adrenaline synthesis, catechol-
O-methyltransferase, or cOMT. Positive selection 
pressure for this functional trait may have resulted 
from cyclic periods of hypoxic stress. Episodes 
of intermittent large increases and decreases in 
atmospheric oxygen over geologic time, known as the 
Berner Hypothesis, may have triggered lapses in the 
capacity of the lung to oxygenate efficiently, demanding 
alternating antagonistic adaptations to hyperoxia and 
hypoxia as a result. The periodic increases in oxygen 
gave rise to increased body size, whereas hypoxia is the 
most potent vertebrate physiologic stressor known. 
Such intermittent periods of pulmonary insufficiency 
would have been alleviated by the increased adrenaline 
production, stimulating lung alveolar surfactant 
secretion, transiently increasing gas exchange by 
facilitating the distension of the existing alveoli. The 
increased distention of the alveoli, in turn, would have 
fostered the generation of more alveoli by stimulating 
stretch-regulated PTHrP secretion, which is both 
mitogenic for alveolarization, and angiogenic for the 
alveolar capillary bed. This would allow for iterative 
evolution of the alveolar bed in the interim through 
positive selection pressure for those members of 
the species most capable of increasing their PTHrP 
secretion.

And it is worthwhile highlighting the fact that the 
increased amounts of PTHrP flowing through the 
adrenal may also have been responsible for the 
evolution of the capillary system of the medulla. Such 
pleiotropic effects typify the positive selection that has 
occurred during the evolutionary process.

This scenario would also have explained the 
duplication of the βArs. The increase in their density 
within the alveolar capillary bed was necessary for 
relieving a major constraint during the evolution of the 
lung in adaptation to land. The βArs are required for 
a ubiquitous mechanism for blood pressure control in 
both the lung alveoli and the systemic blood pressure. 
The pulmonary system has a limited ability to withstand 
the swings in blood pressure to which other visceral 
organs are subjected. PTHrP is a potent vasodilator, 
so it had the capacity to compensate for the blood 

organism to reproduce before being overwhelmed by 
the ongoing injury repair.

the Water-LaND traNsitioN aND verteBrate evoLutioN

nowhere are such mechanisms of molecular 
evolution more evident than during the water-land 
transition. rises in oxygen and carbon dioxide in the 
Phanerozoic atmosphere over the course of the last 
500 million years partially dried up the oceans, lakes, 
and rivers, forcing organisms to adapt to land through 
remodeling of tissues and organs, or else become 
extinct. There were two known gene duplications that 
occurred during this period of terrestrial adaptation—
the parathyroid 
hormone-related 
protein (PTHrP) 
receptor and 
the β adrenergic 
receptor (βAr). 
The cause of these 
gene duplications 
can be surmised 
from their effects 
on vertebrate 
physiology. PTHrP is necessary for a variety of traits 
relevant to land adaptation—ossification of bone, 
skin barrier development, and the formation of 
alveoli in the lung. Bone had to ossify to maintain 
the integrity of skeletal elements under the stress 
of higher gravitational forces on land compared 
to relative buoyancy in water. PTHrP signaling is 
necessary for calcium incorporation into bone. We 
know from the fossil record that there were at least 
five attempts to breach land by fish ancestors based 
on fossilized skeletal remains. Those events would 
have been accompanied by the evolution of visceral 
organs, based on both a priori reasoning, and the fact 
that the genes involved in skeletal development are 
also integral to the morphogenesis of critical internal 
organs, particularly PTHrP. in the aggregate, the net 
effect of shear stress on PTHrP-expressing organs like 
bone, lung, skin, and kidney may have precipitated 
the duplication of the PTHrP receptor, leaving those 
progeny best able to adapt to land. These, then, were 
the founders of the subsequent terrestrial species.

As a result of such positive selection pressure for 
PTHrP signaling, its genetic expression also evolved 
in both the pituitary and adrenal cortex, further 
stimulating adrenocorticotrophic hormone and 
corticoids, respectively, in response to the stress 

Physiologic stress must 
have been the primary force 
behind [the evolution of 
complex traits], transduced 
by changes in the homeostatic 
control mechanisms of 
cellular communication.
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or flight, since it is well known that learning requires 
stress.

The duplication of the βAr gene may also have 
been instigated by the same intermittent cyclical 
hypoxia resulting from the process of lung adaptation, 

subsequently facilitating 
independent blood pressure 
regulation within the alveolar 
microvasculature; both of these 
mechanisms would have been 
synergized by the evolution of 
the gcs during this transition.

The bottom line is that all of 
the molecular pathways that 
evolved in service to the water-
land transition—the PTHrP 
receptor, the βAr, and the 

gc receptor—aided and abetted the evolution of 
the vertebrate lung, the rate-limiting step in land 
adaptation. Perhaps that is why Weibel, Taylor, and 
Bolis observed that the lung had more physiologic 
capacity than was necessary for its normal range of 
function (see above), since only those organisms fit to 
amplify their PTHrP expression survived the stress of 
the water-land transition. The synergistic interactions 
of the lung and pituitary-adrenal axis producing 
adrenaline relieved the constraint on the lung through 
increased PTHrP production, fostering more alveoli. 
Perhaps this is the reason why the lung has excess 
capacity—either that, or become extinct.

the ceLLuLar approach to evoLutioN is preDictive

This reduction of the process of evolution to cell 
biology has an important scientific feature—it is 
predictive. For example, it may answer the perennially 
unsolved question as to why organisms return to their 
unicellular origins during their life cycles. Perhaps, as 
Samuel Butler surmised, “a hen is just an egg’s way of 
making another egg” after all. it is worth considering the 
proposal that since all complex organisms originated 
from the unicellular state, a return to the unicellular 
state is necessary in order to ensure the fidelity of any 
given mutation with all of the subsequently evolved 
homeostatic mechanisms, from its origins during 
phylogeny through all the elaborating permutations 
and mutational combinations of that trait during the 
process of evolution. One way of thinking about this 
concept is to consider that perhaps Haeckel’s biogenetic 
law is correct after all—that ontogeny actually does 
recapitulate phylogeny. His theory has been dismissed 

pressure constraint in the interim. But eventually the 
βArs evolved to coordinately accommodate both the 
systemic and local blood pressure control within the 
alveolar space.

The glucocorticoid (gc) receptor evolved from the 
mineralocorticoid (Mc) receptor 
during this same period through 
a third gene duplication. Since 
blood pressure would have 
tended to increase during the 
vertebrate adaptation to land 
in response to gravitational 
demands, there would have been 
positive selection pressure to 
reduce the vascular stress caused 
by the blood pressure stimulation 
by the Mc aldosterone during 
this phase of land vertebrate evolution. The evolution 
of the gc receptor would have placed positive selection 
on gc regulation by reducing the hypertensive effect of 
the Mcs by diverting steroidogenesis toward cortisol 
production. in turn, the positive selection for the 
gc cortisol would have stimulated βAr expression, 
potentially explaining how and why the βArs 
superseded the blood pressure–reducing function of 
PTHrP. it is these ad hoc existential interactions that 
promoted land adaptation through independent local 
blood pressure regulation within the alveolus. This 
integration of blood pressure control in the lung and 
periphery by catecholamines represents allostatic 
evolution.

The net result of PTHrP-mediated pituitary-
adrenal corticoid production would have fostered 
a more potent “fight or flight” mechanism in our 
amniote ancestors. These were small, shrew-like 
organisms that would have been advantaged by such 
a mechanism, making them “friskier,” able to more 
likely survive the onslaught of predators during that 
turbulent era.

Moreover, increased episodes of adrenaline 
production in response to stress may have fostered the 
evolution of the central nervous system. Peripheral 
adrenaline mediates and limits blood flow through 
the blood-brain barrier, which would be expected 
to cause increased adrenaline and noradrenaline 
production within the evolving brain. Both adrenaline 
and noradrenaline promote neuron development. 
One might even speculate that this cascade led to 
human creativity and problem solving as an evolved 
expression of that same axis as an alternative to fight 

One implication…is the likelihood 
that it is the unicellular state that 
is actually the object of selection. 
The multicellular state…is merely 
a biologic probe for monitoring the 
environment between unicellular 
stages in order to register and 
facilitate adaptive changes.
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would suggest that it is actually the germ cells of the 
offspring that are being selected for. The starvation 
model of metabolic syndrome may illustrate this 
experimentally. Maternal diet can cause obesity, 
hypertension, and diabetes in the offspring. But they 
also mature sexually at an earlier stage due to the excess 
amount of body fat. Though seemingly incongruous, 
this may represent the primary strategy to accelerate 
the genetic transfer of information to the next 
generation (positive selection), effectively overarching 
the expected paucity of food. The concomitant obesity, 
hypertension, and diabetes are unfortunate side effects 
of this otherwise adaptive process in the adults. under 
these circumstances, one can surmise that it is the 
germ cells that are being selected for; in other words, 
the adults are disposable, as dawkins has opined.

Hologenomic evolution theory provides yet 
another mechanism for selection emerging from the 
unicellular state. According to that theory, all complex 
organisms actually represent a vast collaborative of 
linked, co-dependent, cooperative, and competitive 
localized environments and ecologies functioning as 
a unitary organism toward the external environment. 
These co-linked ecologies are comprised of both the 
innate cells of that organism and all of the microbial 
life that is cohabitant with it. The singular function 
of these ecologies is to maintain the homeostatic 
preferences of their constituent cells. in this theory, 
evolutionary development is the further expression 
of cooperation, competition, and connections 
between the cellular constituents in each of those 
linked ecologies in successive iterations as they 
successfully sustain themselves against a hostile 
external genetic environment. Ontogeny would then 
recapitulate phylogeny since the integrity of the 
linked environments that constitute a fully developed 
organism can only be maintained by reiterating those 
environmental ecologies in succession towards their 
full expression in the organism as a whole.

Another way to think about the notion of the 
unicellular state as the one being selected for is to 
focus on calcium signaling as the initiating event for 
all of biology. There is experimental evidence that 
increases in carbon dioxide during the Phanerozoic 
era caused acidification of the oceans, causing 
leaching of calcium from the ocean floor. The rise in 
calcium levels can be causally linked to the evolution 
of the biota and is intimately involved with nearly all 
biologic processes. For example, fertilization of the 
ovum by sperm induces a wave of calcium, which 

for lack of evidence for intermediary steps in phylogeny 
occurring during embryonic development, like gill 
slits and tails. However, that was during an era when 
the cellular-molecular mechanisms of development 
were unknown. A testament to the existence of such 
molecular lapses is the term “ghost lineage,” which 
fills such gaps in the fossil record with euphemisms. 
We now know that there are such cellular-molecular 
physiologic changes over evolutionary time that are 
not expressed in bone, but are equally as important, if 
not more so in other organ systems. in all likelihood, 
ontogeny must recapitulate phylogeny in order to 
vouchsafe the integrity of all of the homeostatic 
mechanisms that each and every gene supports in 
facilitating evolutionary development. Without such 
a fail-safe mechanism for the foundational principles 

of life, there would 
be inevitable drift 
away from our first 
principles, putting 
the core process of 
evolution in response 
to environmental 
changes itself at 
risk of extinction. 
S.J. gould famously 
wondered whether an 
evolutionary “tape” 
replayed would 
recapitulate. in this 
construct, the answer 
would resoundingly 

be yes, at least qualitatively, since all of the same 
components—bacteria, oxygen, minerals, heavy 
metals—are still present, and it would be expected that 
first principles would still remain as they are.

One implication of this perspective on evolution—
starting from the unicellular state phylogenetically, 
being recapitulated ontogenetically—is the likelihood 
that it is the unicellular state that is actually the 
object of selection. The multicellular state—which 
gould and Lewontin called “Spandrels”—is merely 
a biologic probe for monitoring the environment 
between unicellular stages in order to register and 
facilitate adaptive changes. This consideration can be 
based on both a priori and empiric data. regarding the 
former, emerging evidence for epigenetic inheritance 
demonstrates that the environment can cause 
heritable changes in the genome, but they only take 
effect phenotypically in successive generations. This 

Once we recognize and 
understood that we, as our 
own unique species, have 
evolved from unicellular 
organisms, and that this 
is the case for all of the 
other organisms on earth, 
including plant life, the 
intense and intimate 
interrelationships among 
all of us must be embraced.
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into black matter, string theory, and multiverses.
in retrospect, it should have come as no surprise 

that we have misapprehended our own physiology. 
Many discoveries in biomedicine are serendipitous, 
medicine is post-dictive, and the Human genome 
Project has not yet yielded any of its predicted 
breakthroughs. However, moving forward, knowing 
what we now do, we should countenance our own 
existence as part of the wider environment—that 
we are not merely in this world, but literally of this 
world—with an intimacy that we had never previously 
imagined.

This unicellular-centric vantage point is heretical, 
but like the shift from geocentrism to heliocentrism, 
our species would be vastly improved by recognizing 
this persistent, systematic error in self-perception. 
We are not the pinnacle of biologic existence, and 

we would be better 
stewards of the land 
and our planet if 
we realized it. We 
have learned that we 
must share resources 
with all of our 
biological relatives. 
Perhaps through 
a fundamental, 
scientifically testable 
and demonstrable 

understanding of what we are and how we came to 
be so, more of us will behave more consistently with 
nature’s needs instead of subordinating them to our 
own narcissistic whims. As we become deeply aware 
of our true place in the biologic realm, such as we are 
already witnessing through our increasing recognition 
of an immense microbial array as fellow travelers with 
us as our microbiome, we may find a more ecumenical 
approach to life than we have been practicing for the 
last five thousand years.

Bioethics BaseD oN evoLutioNary oNtoLogy aND epis-
temoLogy, Not Descriptive pheNotypes aND geNes

By definition, a fundamental change in the way we 
perceive ourselves as a species would demand a 
commensurate change in our ethical behavior. Such 
thoughts are reminiscent of a comment in a recent 
profile of the British philosopher derek Parfit in The 
New Yorker magazine, entitled “How to be good,” in 
which he puzzles over the inherent paradox between 
empathy and darwinian survival of the fittest. These 

triggers embryogenesis. The same sorts of processes 
continue throughout the life cycle, until the organism 
dies. There seems to be a disproportionate investment 
in the zygote from a purely biologic perspective. 
However, given the prevalence of calcium signaling 
at every stage, on the one hand, and the participation 
of the gonadocytes in epigenetic inheritance on the 
other, the reality of the vectorial trajectory of the life 
cycle becomes apparent—it cannot be static, it must 
move either toward or away from change.

By using the cellular-molecular ontogenetic and 
phylogenetic approach described above for the water-
land transition as a major impetus for evolution, a 
similar approach can be used moving both forward 
and backward from that critically important phase 
of vertebrate evolution. in so doing, the gaps 
between unicellular and multicellular genotypes and 
phenotypes can realistically be filled in systematically. 
But we should bear in mind that until experimentation 
is done, these linkages remain hypothetical. 
importantly, though, there are now model organisms 
and molecular tools to test these hypotheses, finally 
looking at evolution in the direction in which it 
occurred, from the earliest iteration forward. This 
approach will yield a priori knowledge about the first 
principles of physiology and how they have evolved 
to generate form and function from their unicellular 
origins.

We are Not Just iN this eNviroNmeNt, We are oF it

The realization that there are first principles in 
physiology as predicted by the cellular-molecular 
approach to evolution is important because of its 
impact on how we think of ourselves as individual 
humans and as a species, and on our relationship to 
other species. Once we recognize and understood that 
we, as our own unique species, have evolved from 
unicellular organisms, and that this is the case for all 
of the other organisms on earth, including plant life, 
the intense and intimate interrelationships among 
all of us must be embraced. This kind of thinking has 
previously been considered in the form of genes that are 
common to plants and animals alike, but not as part of 
a larger and even more elemental process of evolution 
from the physical firmament. This perspective is on 
par with the reorientation of man to his surroundings 
once he acknowledged that the sun, not the earth, was 
the center of the solar system. That shift in thought 
gave rise to the Age of Enlightenment! Perhaps in our 
present age, such a frame-shift will provide insight 

We are not the pinnacle of 
biologic existence, and we 
would be better stewards 
of the land and our planet 
if we realized it. We have 
learned that we must share 
resources with all of our 
biological relatives.



MAN IS INTEGRAL WITH NATURE 44

Minding nature 8.1

JOHn S. TOrdAY And W.B. MiLLEr, Jr

John S. Torday, M.Sc., Ph.D., is a Professor of Pediatrics and Obstet-

rics and Gynecology at the David Geffen School of Medicine at UCLA. 

He is the author of Evolutionary Biology: Cell–Cell Communication 

and Complex Disease (Wiley-Blackwell, 2012). William B. Miller Jr., 

M.D., is the author of The Microcosm Within: Evolution and Extinction 

in the Hologenome (Universal Publishers, 2014).

two concepts would seem to be irreconcilable, yet that 
is only because the latter is based on a false premise. 
darwin’s great success was in making the subject of 
evolution user-friendly by providing a narrative that 
was simple and direct. Pleasing as it may be, it is at 
best entirely incomplete. Think of it like the transition 
from newtonian mechanics to relativity theory. As 
much is learned about the unicellular world with its 
surprising mechanisms and capacities, new pathways 
must be imagined. it is clear that we as humans are 
hologenomes, and all the other complex creatures are, 
too. in fact, there are no exceptions. The reasons for 
this can only be understood properly through a journey 
from the “Big Bang” of the cell forward, with all its 
faculties and strictures. By concentrating on cellular 
dynamics, an entirely coherent path is empowered. 
Tennyson’s line about “nature, red in tooth and 
claw” is only the tip of what the iceberg of evolution 
really constitutes. As pointed out above, we evolved 
from unicellular organisms through cooperation, co-
dependence, collaboration, and competition. These 
are all archetypical cellular capacities. Would we not 
then ourselves, as an example of cellular reiteration, 
have just those self-same and self-similar behaviors?

coDa

in summary, by looking at the process of evolution 
from its unicellular origins, the causal relationships 
between genotype and phenotype are revealed, as are 
many other aspects of biology and medicine that have 
remained anecdotal and counter-intuitive. That is 
because the prevailing descriptive, top-down portrayal 
of physiology under darwinism is tautological. in 
opposition to that, the cellular-molecular, bottom-
up approach is conducive to prediction, which is the 
most powerful test of any scientific concept. Though 
there is not a great deal of experimental evidence 
for the intermediate steps between unicellular and 
multicellular organisms compared to what is known of 
ontogeny and phylogeny of metazoans, we hope that 
the perspectives expressed in this essay will encourage 
more such fundamental physiologic experimentation 
in the future.

http://www.amazon.com/Microcosm-Within-Evolution-Extinction-Hologenome-ebook/dp/B00HRG66EY/ref=sr_1_4?s=books&ie=UTF8&qid=1401821682&sr=1-4&keywords=the+microbiome+within
http://www.amazon.com/Microcosm-Within-Evolution-Extinction-Hologenome-ebook/dp/B00HRG66EY/ref=sr_1_4?s=books&ie=UTF8&qid=1401821682&sr=1-4&keywords=the+microbiome+within
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technological footprint will probably have a bigger 
impact on global climate.”

Even today climate scientists are not in total 
agreement as to whether early agriculture had a 
significant impact on global climate. Penn State 
climate scientist richard Alley, for example, responds 
in an e-mail, “i believe that many, and probably most, 
members of our field think that the early human 
greenhouse gases had a small effect on climate, but 
not a large one…not everyone agrees, however.”

nonetheless, in recent years support for 
ruddiman’s hypothesis has broadened. Archaeologists 
and ecologists have contributed by collecting data on 
early agriculture—for example, rice paddy cultivation 
that is linked to methane emissions. Additionally, 
former estimates concerning the amount of land 
deforested and cleared for agriculture have been 
revised upward.

in an important development, a 2013 study, 
“constraints on the Late Holocene Anthropogenic 
contribution to the Atmospheric Methane Budget,” 
analyzed another pairing of ice cores and corroborated 
the proposition that humans significantly caused 
methane release for the study’s focus of twenty-eight 
hundred to five hundred years before the present. 
university of utah geologist Logan Mitchell, the lead 
author of this article, which was published in the 
journal Science, explains in an e-mail that his and his 
co-authors’ study uniquely “links the concentrations of 
methane from the northern and southern poles found 
in ice cores to spatial distributions characteristic of 
natural and human activity.”

According to university of Maryland landscape 
ecologist Erle Ellis, who has co-authored recent papers 
with ruddiman, the Science paper is something of a 
turning point. After the Science paper, Ellis says, “it is 
going to be very hard for anyone to disprove that there 
is a very large human methane signal in the middle 
of the Holocene.” Ellis does feel, however, that linking 
pre-industrial rising carbon dioxide levels with human 

Trained as a marine geologist, university of 
virginia emeritus professor William ruddiman for 
the past fifteen years has worked on a hypothesis 
that posits that pre-industrial age humans raised 
greenhouse gas levels in the atmosphere. Looking 
back seven thousand years into the Holocene—the 
current 11,500-year-old geological epoch—ruddiman 
has proposed that early agriculture emitted enough 
methane and carbon dioxide to offset what would 
have been a global cold cycle. ruddiman says that 
in contrast to the familiar view that human-caused 
greenhouse gases began with the industrial revolution, 
“the baseline of human effects on climate started 
earlier and that the total effect is larger.” ruddiman’s 
work and “the ruddiman hypothesis” provide a classic 
illustration of the working out of a scientific theory, 
with detractors, new allies, and new technologies and 
facts that bear on the original idea.

university of Wisconsin climate scientist Steve 
vavrus has worked on the modeling for ruddiman’s 
investigation, and he sees a two-fold implication for 
the ruddiman hypothesis. “This hypothesis is arguing 
that the significant footprint of human add-on to 
climate began thousands of years ago and not just 150 
years or so, which is the conventional view. So it really 
changes how we perceive the timing of human impact 
on the global climate system.” vavrus continues, “and 
then the future part i think is important too because 
if this hypothesis is right and [if] humans—who were 
very few in number compared to the present day…
did have a significant impact on global climate, then 
i think it is all the more reason to be concerned that 
many more humans who exist today with much greater 

William Ruddiman and the Ruddiman 
hypothesis 

By Richard J. Blaustein
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thousand years ago.
Methane is a natural product of decomposing 

submerged organic matter with, for example, marshes 
and other wetlands emitting swamp gas. Although 
there was, and is, unirrigated rice agriculture, rice 
paddy agriculture—which enhanced the domestication, 
harvesting, and nutritional value of rice—involves 
raising rice in stagnant water. After harvesting, the 
rice paddy areas emit methane in a similar manner to 
that of natural wetlands’ organic decomposition.

According to a recent study led by archaeologist 
dorian Fuller, “The contribution of rice Agriculture 
and Livestock Pastoralism to Prehistoric Methane 
Levels: An Archaeological Assessment,” the irrigated 
rice agriculture began in the Lower Yangtze area of 
china around six thousand years ago and not too long 
after spread to other parts of china. By four thousand 
years ago, many other parts of Asia had rice paddy 
agriculture, correlating with ruddiman’s linking of 
rice agriculture with the anomalous methane rise.

ruddiman also noticed a similar trajectory 
for carbon dioxide. unlike the methane cycle, the 
more complicated carbon cycle is set not just by 
the precessional cycle but is also linked to the other 
long-term earth orbital determinants, eccentricity 
(orbit around the sun) and obliquity (the earth’s 
tilt). nonetheless, there is a clear pattern for carbon 
dioxide declining from approximately 285 parts per 
million (ppm) around 10,500 years ago. This is what 
was expected based on prior periods of interglaciation. 
However, the carbon trajectory reversed around seven 
thousand years ago, a time when agriculture expanded. 
By the time of the industrial age, it was 40 ppm higher 
than the expected 245 ppm.

While he began publishing on the topic in 1999, 
Ruddiman first fully articulated his hypothesis in 
2003 in “The Atmosphere greenhouse Era Began 
Thousands of Years Ago,” an article in the journal 
Climate Change. That same year he spoke to a large 
audience at a december gathering of the American 

land use will be harder to prove. complex factors—
such as peatlands’ serving as both carbon sources 
and sinks, for example, and oceans’ dynamics—play a 
significant role in the carbon cycles, and are difficult 
to assess thousands of years ago. Ellis says that for the 
pre-industrial carbon levels, “in terms of an empirical 
smoking gun, i have to say it is not there yet.” certainly, 
many questions remain. Meanwhile, ruddiman and 
colleagues are enhancing their cross-disciplinary 
collaboration to better understand the greenhouse gas 
impact of early agriculture.

earLy thiNkiNg, earLy respoNse

ruddiman began his thinking about early 
agriculture and greenhouse gases in the late 1990s 
when new greenland and Antarctic ice core data was 
made public. Examining the data, ruddiman was 
puzzled by the rise of atmospheric methane around 
five thousand years ago.

in the glacial cycles of the past four hundred 
thousand years, this natural methane emissions rate 
is linked with the earth’s approximate twenty-two 
thousand precession cycle, the orbital cycle in which 
the earth shifts its axis of orbit, wobbling a bit like a 
spinning top. When the northern hemisphere summer 
is closest to the sun via precession, the highest 
amount of global methane is emitted. in the current 
interglacial precessional cycle, the methane maximum 
occurred eleven thousand years ago, at which there 
was the expected seven hundred parts per billion (ppb) 
methane concentration in the atmosphere—expected 
because comparable interglacial periods have that 
methane level.

However, at around five thousand years ago, 
ruddiman noted that instead of continuing downward 
to a 450 ppb level, the methane leveled off at 560 ppb, 
and, reversing course, rose to around 660 ppb by one 
thousand years ago. ruddiman correlated the methane 
trajectory reversal with rice paddy agriculture in Asia, 
which intensified roughly around the same time, five 

reviews &

reflections



THINK HERE 47Reviews and Reflections

Minding nature

ruddiman admits, however, that there were 
uncertainties and open questions in his original 
hypothesis that needed addressing. “i basically 
spent most of the past ten years trying to track down 
weaknesses in my hypothesis,” he says. “i think i met 
those challenges pretty much across the board—that’s 
where i tend to spend my time mentally thinking 
about it.”

the ruDDimaN hypothesis at preseNt

in recent years, new collaborations and 
independent investigations have bolstered ruddiman’s 
efforts. Moreover, Ruddiman’s figures, such as for 
atmospheric methane and carbon dioxide levels, have 
remained about the same, although he has modified 
the turning point for agriculture’s link to carbon 
dioxide emissions at seven thousand instead of eight 
thousand years.

in 2014, ruddiman and colleagues published 
findings estimating that the human-caused, pre-
industrial warming had an approximate 1.2 Kelvin 
effect. The post-1850 rise in temperature is .85 K, and 
the ruddiman group, which includes vavrus, concludes 
that the combined effect of the pre-industrial warming 
and industrial warming is twice that of the industrial 
age warming alone. importantly, they underscore that 
this occurred over thousands of years, unlike the less 
than two century scale of the current greenhouse gas 
effect.

vavrus and ruddiman both point out that the 
net temperature effect is still a slight cooling for the 
earlier period. They calculate the 1.2 K effect from 
models with and without human effects. They both 
point out that what the anthropogenic warming did 
was to significantly, but not totally, cancel the natural 
cooling dynamic caused by the precession cycle. “Were 
it not for that artificial warming, the climate system 
probably would have cooled significantly,” Vavrus 
says. “The net effect of early anthropogenic warming is 
larger, we think, than it would appear simply by taking 

geophysical union, which he credits with advancing 
the discourse on his idea. in 2005 he widened his 
audience by writing a Scientific American article, 
“How did Humans First Alter global climate,” on 
the same subject. ruddiman has published on his 
hypothesis as recently as 2014.

By the mid-2000s, ruddiman’s hypothesis 
intrigued many people. His analysis was bold: for 
example, in the 2005 Scientific American article, he 
wrote, “as i see it, nature would have cooled earth’s 
climate, but our ancestors kept it warm by discovering 
agriculture.”

According to ruddiman, it was not easy going 
at first. In the early days, even some of Ruddiman’s 
climate scientist colleagues strongly disagreed with 
him. “For a while i felt like i was mostly arguing with 
climate scientists and especially geochemists who 
just didn’t think people could possibly be affecting 
atmospheric greenhouse concentrations that far back 
because there weren’t enough people who could alter 
the landscape enough,” he says.

in another twist, which ruddiman remembers 
as a bit strange, vocal climate change skeptics who 
were bloggers tried to use his views to bolster their 
arguments against responding to climate change. 
“The gist of their argument,” recounts ruddiman “was 
greenhouse gases must be our friend because they 
stopped the glaciation. So that is the way they were 
arguing it and that is a twisting of what i said.”

The illogic of the blogger-skeptics views soon 
became apparent. On one hand, they denied that 
humans were causing greenhouse gas–induced 
warming; and on the other, they were delighting in 
a new theory, based on mainstream science, that 
stipulated anthropogenic causes for climate change. 
According to ruddiman, the bloggers “quickly realized 
they had let the Trojan horse inside the walls, and they 
all of sudden dropped any mention of my research 
because they realized they were opening themselves 
up to criticism.”
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labor methods which is burning out the landscape and 
throwing out a few seeds…They used large amounts of 
lands per person to farm.” 

Around the same time, ecologist Jed Kaplan was 
modeling historical land uses and vegetation patterns, 
and Kaplan also met ruddiman at an American 
geophysical union meeting, this time in 2009. Kaplan 
became interested in applying his land-use models to 
early agriculture greenhouse gas emissions questions. 
in Kaplan’s modeling, he combines complex land-use 
surveys, computer modeling, archaeological data, and 
extant historical land records from as far back as he 
can find them to estimate historical land-use patterns. 
His findings have revised earlier baseline estimates for 
land use, which basically extrapolate recent per capita 
land use retroactively.

in a 2011 Kaplan-led study, “Holocene carbon 
Emissions as a result of Anthropogenic Land cover 
change,” which included ruddiman and Ellis among 
the coauthors, Kaplan and his team concluded: 
“Archaeologists, paleoecologists, paleobotanists, 
anthropologists and other field-based researchers 
have repeatedly shown that from the late Paleolithic to 
the beginning of widespread industrialization, the first 
human residents and especially farmers in any region 
used far more land per person than those after them, 
and that land use per capita has decreased over time 
as population increase.”

The Kaplan land-use model greatly bolstered the 
ruddiman hypothesis. it doubled the carbon dioxide 
emissions in the past seven thousand years relative to 
a linear model, with the Kaplan model now estimating 
343 billion tons of carbon emitted during pre-
industrial times. This would have accounted for 24 of 
the 40 ppm rise in carbon dioxide relative to a pre-
industrial world without anthropogenic greenhouse 
gases.

Like Ellis, Kaplan agrees that the actual definitive 
proof of anthropogenic carbon dioxide will come from 
some form of hard (e.g., isotopic or ice core) evidence. 

a temperature difference, between 1,850 and 6,000.” 
vavrus explains that a rough estimate of both warming 
and avoided cooling would be about 0.6° c for both.

vavrus and ruddiman are quick to clarify that 
without pre-industrial greenhouse gases there is the 
possibility the earth would have experienced a “glacial 
inception,” which is less comprehensive than a glacial 
age. Their modeling, however, has come up with year-
round snow cover in areas that have only seasonal 
snow. While this snow might have compressed to form 
ice sheets, Vavrus emphasizes that it is very difficult 
for a model to recreate glacial formation because it 
takes up so much computational time.

Ruddiman, however, does flesh out what this glacial 
inception could look like. He writes that there would 
be yearly snow cover in “several regions, including the 
northern canadian rockies, the canadian archipelago, 
the northern Arctic margin of Eurasia and eastern 
Siberia.” While pointing out that this year-round snow 
would cover an area larger than greenland, ruddiman 
states that any ice forming from the snow would have 
nowhere near the thickness of a greenland ice sheet.

Underpinning these recent estimates, refined 
land use assumptions have been an important recent 
addition for the ruddiman hypothesis. The new 
thinking began during the late 2000s while many were 
challenging ruddiman’s ideas, claiming the smaller 
population thousands of years ago did not convert 
much land to agriculture.

Ellis recounts meeting ruddiman at a 2008 
American geophysical union meeting and discussing 
with him the extent of land use during the early 
agriculture period. “The question he asked me [was] is 
it possible that people in the past used more land per 
person than they used today?” says Ellis. “And from 
my point of view, from my experience—and really 
pretty mainstream experience—is that obviously they 
used a lot more land per person in the past. Land 
was basically free back in the origins of agriculture. 
There was no land shortage. People used the least 
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widespread than rice.
Ruddiman is gratified that different fields and 

disciplines that are now interested in his hypothesis. 
Yet their contributions also underscore how difficult 
and large a question pre-industrial greenhouse gas 
emissions is. “The argument is not going on within a 
specialty, it is going on across specialties,” ruddiman 
says. “And so it is really almost no one who knows all 
these specialties. There are so many specialties you 
have to be knowledgeable in. So it is a tough argument 
for people to get into. They’ll get into the part of the 
argument that has to do with their specialty. The 
overall argument is very broad and crosses specialties.”

tasks, Worries, aND hopes For the Future

The ruddiman hypothesis is a work in progress, 
with new participants and disciplines offering 
inputs and assessments. Some have ideas on how 
corroborations can be enhanced and pressing 
questions addressed.

vavrus has been thinking about this. He talks 
about the next stage of modeling, which moves 
beyond inputting atmospheric greenhouse gas levels 
and focuses on emissions running their course. “We 
have not run the models with an interactive carbon 
cycle,” says vavrus. “it would be more realistic—and it 
is on our to-do list—to try to instead input emissions 
of carbon for early agriculture and then use those to 
drive the climate model, and then let the climate model 
simulate what would happen to the concentration of 
methane and carbon dioxide based on feedbacks that 
happen within the climate system.”

Another common reflection connected to the 
ruddiman hypothesis is how much greater is the 
current climate change forcing. Ellis explains: “What 
you are talking about here is changes of parts per billion 
in methane, a change of 10 or 15 percent concentration 
that took place over thousands of years. . . . What we 
are talking about today is tens of years. The rate of the 
change is not even remotely comparable.”

Kaplan also raises the point that vavrus and ruddiman 
make that ocean processes probably account for a 
significant amount of the 40 ppm carbon dioxide pre-
industrial rise. ruddiman says that this ocean activity 
could have been instigated by the anthropogenic 
greenhouse gas releases.

Yet Kaplan also says that it is illogical to assume 
that pre-industrial human activities had no effect on 
atmospheric greenhouse gas levels. “i do not believe 
you can explain the Holocene record of atmospheric 
carbon dioxide concentration without invoking some 
kind of anthropogenic source, and i think this is kind 
of the key message here,” Kaplan says. “We have 
to realize that the Holocene is a very special time in 
Earth history. it is the only time in Earth’s history 
when humans lived everywhere on the planet and 
where we undertook activities like deforestation, like 
agriculture, like domestication of ruminant animals 
and urbanization and metallurgy and all of these other 
kinds of uniquely anthropogenic habits that lead to 
greenhouse gas emissions.”

Archaeology is another field in which Ruddiman’s 
argument is finding some support. Prominent 
among his supporters is university college London 
archaeologist dorian Fuller, who has investigated early 
rice agriculture and its connection to methane levels. 
Fuller and colleagues reviewed “archaeobotanical 
evidence for 385 sites including 443 individual site/
phase data entries, with a focus on rice in Asia” for the 
period of five thousand to one thousand years ago. They 
concluded that rice paddy agriculture in Asia would 
have logically emitted enough methane to account for 
70 percent of 100 ppb methane increase found in the ice 
record for this period. Fuller and colleagues also used 
the Kaplan-type of non-linear land-use assumptions. 
The archaeologists are also considering the impact of 
livestock on early methane releases but have not yet 
quantified the livestock-methane connection. The 
figures will certainly be significant because livestock 
are methane-emitters, and their diffusion was more 
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vavrus emphasizes the same point. “To me it is 
a warning sign that if we could have done so much 
with so little in the past, what we are doing today has 
gargantuan implications for climate change.”

ruddiman shares the concern about overwhelming 
the earth system. But he also finds some hope for the 
future when he looks back at early agriculture. “One 
of the lessons that i’ve learned is that the story of 
agriculture, a considerable part of it, is the story of 
human resilience,” ruddiman says. recalling the 
Malthusian prediction of overpopulation and famine, 
he reflects that “as populations grew and people got 
pushed back unto smaller amounts of land, they 
became more and more clever about how to get food 
off of these small plots. So it is a story of human 
innovation and technological advances of how to avoid 
the consequences of population disasters and food 
shortages. it is quite a remarkable story.”

“So perhaps there is a small ultimate hope for the 
future that we will do that as we have to worry whether 
we are going to…massively alter climate,” ruddiman 
concludes. “Maybe we will be able to innovate our 
way out to avoid the worst consequences of our 
own actions…Because that is certainly the history of 
agriculture—technological innovation that allows 
people to get more food off of less land.”

Richard J. Blaustein is a freelance science and environmental journal-

ist. On twitter, he is followed @richblaustein. This article is based on 

SKYPE Interviews with Earle Ellis, Jed Kaplan, William Ruddiman, and 

Steve Vavrus, and on e-mail correspondence with Richard Alley and 

Logan Mitchell.
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When we began planning in 2007 for the launch of an 
electronic journal, we considered several names. Many 
were brilliant, but too long to fit on a single page. Oth-
ers might have limited our readership considerably, 
but were near and dear to a couple of hearts. As is of-
ten a good idea, we finally returned to our origins and 
remembered a phrase, “Minding nature,” that was 
hovering in the conversations at the center’s found-
ing. recently, in the cHn archives, i came across the 
conference agenda pictured here. in an important 
sense, it was at the new School for Social research in 
2003, where Strachan donnelley many years before 
had earned his Ph.d., that Minding Nature was born. 
nineteen issues and counting. -Ed.
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finding your own passenger pigeon

Passenger Pigeon, Louis Agassiz Fuertes (1874–1927)

Passenger Pigeon was driven to 
extinction in a mere fifty years. 
The mechanism was simple: 
mindless human consumption, 
aided by technology.1

As a child, the bird guide 
i consulted still included an 
entry on the Passenger Pigeon. 
unlike the current halfhearted 
debates about the presence 
or absence of the ivory-billed 
Woodpecker, no one tried to 
persuade me that the Passenger 
Pigeon still flew. The guide 

clearly marked it as extinct, 
yet the persisted inclusion 
of its picture and field marks 
made me imagine that it might 
again be found, in the same 
way that children consider the 
possibility of a wood elf in the 
garden.

This past year was the centenary of the 
extinction of the Passenger Pigeon. Across the 
united States, canada, and many other countries, 
this occasion was used as a time to commemorate 
this species and consider our role as the dominant 
species on the planet.

The extinction of the Passenger Pigeon was a 
profound landmark in humanity’s interaction with 
other species. Humans had caused extinctions 
before, but this bird was not fundamental to our 
survival, as were ice Age mammals. its extinction 
was not really accidental, like the Labrador duck, 
and it was certainly not due to ignorance, since 
the extinction of species like the great Auk had 

been predicted. Further, while the small range 
and ecological specialization of insular species, 
such as the Stephen’s island Wren, make them 
easy prey for generalist predators and slight 
habitat changes, the Passenger Pigeon’s numbers 
were in the billions, with populations covering 
much of a continent. unlike most extinctions 
that happen at the pace of geologic time, the 
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Later on, as a budding naturalist, the Passenger 
Pigeon became a literal touchstone when i 
encountered one in an ornithology collection 
i was organizing. i gazed at the shimmering 
pearlescence of its neck feathers and reverently 
touched its toenail with my shamefully bared 
finger before once again donning my gloves and 
continuing my work with other specimens. Though 
people a generation or two before me had taken 
away the opportunity to see a living Passenger 
Pigeon, to experience the awesomeness of its 
flocks, or to taste of its nut-fattened flesh, I still 
felt a sense of immediate and personal loss. i soon 
found kindred spirits who felt equally deprived. i 
assumed that everyone interested in the natural 
world was aware of the Passenger Pigeon and 
felt the emotional disquiet of extinction, if not 
through this species, then through one with a 
similar story. However, as i began promoting 
the commemoration events of 2014, i found this 
was not the case. At one meeting, the director of a 
park district raised her hand and asked, “Why do 
we care about this issue? My son races Passenger 
Pigeons every Sunday!” Even at several meetings 
of organismal specialists and ecologists, i found a 
few people who, though expert in their respective 
fields, were ignorant of the Passenger Pigeon.

Though this is the “information age,” i have 
come to expect the general public to be largely 
ignorant of biological issues. Those of us who 
care about nature often express astonishment and 
subtle mockery regarding people who think that 
meat comes from a grocery store. i met one such 
person once, a mother who had conscientiously 
taken her young son to the zoo. She carefully read 
each sign to the boy and sometimes included a 
little factoid of her own. in the petting zoo, when 
a cow ambled over to the fence, she lifted the boy 
to see more clearly and said, “Look honey, a horse! 
can you say ‘horse’?”

While this ignorance seems astonishing on its 
face, why should this woman know anymore about 
horses and cows than some biologists do about 

Passenger Pigeons? Few people 
today have direct contact with 
the natural world, or even the 
people that provide them with 
natural products. How many of 
us have ever chased and killed 
insects, birds, or other pests to 
ensure an adequate vegetable 
harvest? Picked cotton or 
sheared wool and spun it into 
threads? Kept an animal in 
captivity for the purposes 
of breeding it and killing its 
offspring for food? Have you 
ever met a lumberjack, miner 
of metal or coal, farmer, 
herdsman, or brick maker? 
Such skills and responsibilities 
have been fundamental to 
humankind for thousands of 
years and, though they remain 
so today, industrialization 
and specialization mean that 
relatively few of us are directly 
involved in these activities. 
Seasons have become 
irrelevant to food production; 
even human circadian rhythms 
are altered by our computer 
screens and artificial lights. 
For most of us, clothing is 
something bought off a rack; 
meat, milk, vegetables, and 
grains come from a grocery 
store; metal objects come 
from the hardware store, a car 
dealership, or the electronics 
store—all brightly lit, 
attractively signed, and staffed 
by people equally ignorant of 
the natural origins of these 
products. A modern person 
need not leave her home, yet 
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Muir cared little for 
birds or bird songs, and 
knew little about them. 
The hermit-thrushes 
meant nothing to him, 
the trees and the flow-
ers and the cliffs every-
thing. The only birds 
he noticed or cared for 
were some that were 
very conspicuous, such 
as the water-ouzels 
(always particular fa-
vorites of mine too.) 
The second night we 
camped in a snow-
storm, on the edge of 
the cañon walls, under 
the spreading limbs of 
a grove of mighty sil-
ver fir; and next day 
we went down into the 
wonderland of the val-
ley itself. i shall always 
be glad that i was in 
the Yosemite with John 
Muir and in the Yellow-
stone with John Bur-
roughs.2

Perhaps a living Passenger 
Pigeon would be conspicuous 
enough to draw the attention 
of both John Muir and, say, 
a modern dance club d.J. On 
the other hand, i’m content 
to agree that this species 
may have no impact on their 
lives. There are plenty of 
species that have no utility to 
humans—they are not good to 
eat, they are not the source of 
amazing curative drugs, and 
we as humans may not even 

she can still acquire food and ornament from 
anyplace in the world.

Such an unprecedented divorce from the 
natural world is not found merely in the realm 
of the agoraphobe; it has become a standard part 
of daily American life. Try asking your friends, 
“When is the last time you touched a dead bird?” 
Answers will vary, but most people will either react 
with disgust and say “never!” or will recall some 
relatively distant occasion. “From this revelation,” 
you can reply, “i can deduce many things about 
you. You hate Kentucky Fried chicken, would 
never consider eating a chicken Mcnugget, and 
would be appalled to celebrate Thanksgiving with 
a turkey.” certainly this deduction might turn out 
to be true for a vegan friend (even one who has 
touched a dead bird), but if the demand for chicken 
products is any indication, it is not true for most 
of your friends whose bodies include molecules 
derived from dead birds that they have not only 
touched but ingested—and recently at that.

These disconnects are entirely justifiable. Each 
of us has become a specialist of sorts, the direct 
result of those agricultural experiments carried 
out in the Ñanchoc valley and the Fertile crescent 
more than nine thousand years ago. By creating 
settled agricultural societies, the caloric needs 
of a community can be met through the effort of 
relatively few people, leaving others to explore 
realms like art and science. As a member of such a 
society, ignorance outside one’s specialty has little, 
if any, cost. in fact, it can pay to actively ignore 
information. There is simply not enough time to 
gain the knowledge and experiences necessary to 
empathize with everyone around you while also 
succeeding in your specialty.

Even with the time and opportunity, though, 
one might simply lack interest. reporting on a 
camping trip through the Yosemite valley, Teddy 
roosevelt expressed surprise at John Muir’s 
ignorance of animals:

i was interested and a little surprised to 
find that, unlike John Burroughs, John 
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Notes
1. While habitat destruction doubtless played some 
part in the decline of the Passenger Pigeon, the fact 
that many of the last birds shot were immature 
shows that the species could successfully breed in 
fragmented habitats. it also belies the idea that the 
Allee effect was necessary for successful fledging. 
For further reading see J. greenberg, A Feathered 
river Across the Sky: The Passenger Pigeon’s Flight 
to Extinction (new York: Bloomsbury uSA, 2014).
2. T. roosevelt, Theodore roosevelt: An Autobiog-
raphy (new York: Macmillan, 1913), at http://www.
bartleby.com/55/.

know they exist. Similarly, there are species that 
have no distinguishing beauty. Sometimes, even 
taxonomists have trouble telling one species from 
another.

What i am not content with is the fact that we, 
as a single and supposedly sapient species, are 
arbitrarily and ignorantly destroying biodiversity 
at a rate unprecedented in more than 4.5 billion 
years. Whether you take the perspective that such 
biodiversity is the conscious product of a deity’s 
creation or is the happy accident of amazing natural 
processes, the destruction is unconscionable. if 
this rapacious consumption were the result of a 
single individual’s avarice, perhaps this behavior 
could be seen to have some kind of justification. 
But our destruction is not the result of a single 
person. it is the result of collective decisions: 
decisions made in the home, the store, and the 
voting booth; decisions we advertise through our 
behavior and our bellies. These decisions are not 
solitary. They affect the world. Your decisions 
affect me and mine affect you. daily, even hourly, 
the news reports how such decisions affect us on a 
strictly economic basis. Few people are attempting 
to quantify how such decisions affect us on an 
ecological basis.

We live in an exciting time where the 
intellectual, technological, and creative realms 
have more potential than ever before. The future 
is exciting but to reject the foundation upon which 
it has been based—functioning ecosystems and 
thriving, striving biodiversity—would be folly. 
Perhaps the form, the story, and the ecological 
impact of the Passenger Pigeon hold no interest 
for you. That’s fine with me. But in this new 
year I hope you will find some organism, some 
issue, or some epiphany—your own Passenger 
Pigeon—that will stimulate you to both be a more 
sustainable steward of our planet and to share 
your experiences with your family, friends, and 
neighbors.
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The sixth great extinction is upon us. Each day, we lose 
upwards of 150 species.* As the primary drivers of this great 
loss of life and diversity, what is our moral responsibility? 
If we can revive an extinct species, should we? Synthetic 
biology? Biotechnology? Re-wilding? Assisted migration? 
Reintroduction of extirpated species?

Where would you draw the line?
 

HOW FAR SHOULD WE GO TO BRING BACK LOST SPECIES?

With responses from…
Ben A. Minteer
Harry W. Greene

Stanley A. Temple
Alison Hawthorne Deming
Gregory Kaebnick
Susan Clayton

Ronald Sandler
Emma Marris & Yasha Rohwer
B.K. Loren
David Blockstein
James Collins
Kristiina Vogt & Samantha Zwicker
Jason Scullion
and more…

?

Join the conversation online at 
www.HumansandNature.org/LostSpecies

*According to the UN Environmental Programme’s Millennium Ecosystem Assessment


