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science walks in beauty:

nets are many knots
skin is border-guard, a pelt is borrowed warmth;
a bow is the flex of a limb in the wind
a giant downtown building

is a creekbed stood on end.

detritus pathways. “delayed and complex ways
to pass the food through webs.”

maturity. stop and think. draw on the mind’s
stored richness. memory, dream, half-digested
image of your life. “detritus pathways”—feed
the many tiny things that feed an owl.
send heart boldly travelling,
on the heat of the dead & down.

– Gary Snyder

Look at mathematics: it’s not a science, it’s a monster slang, it’s
nomadic.

– Deleuze & Guattari



Modeling in context

Ecology has always occupied at least a dual role in our society. On the one
hand, ecology is what ecologists do: the study of patterns and processes of
biological coexistence. Ecologists try to explain observed patterns of species
diversity, what makes some assemblages of species more resistant to invasion
or disturbance than others, what changes are likely to result from extinctions
and climate change and we can do about them, and other such questions.

At the same time, ecology is commonly perceived as a set of moral imper-
atives. Ecology is often used as a synonym for environmentalism; the message
is that environmental degradation and species extinction are problems that
we must solve, and people must be made aware of these issues so that they
will take action. “Ecology now!” was a common slogan among 1960s ac-
tivists advocating for conservation, controls on pollution, and a return to
simpler living, and the word “ecologist” is still used in parts of Europe to
refer to environmental activists.

While it is certainly possible to study the patterns of ecology without
advocating for conservation or social change, or to act as an environmental-
ist without studying ecology, these pursuits are clearly linked. The most
straightforward connection between ecological science and advocacy is that
scientists sometimes expose tangible facts that responsible people wish to
change, as when Rachel Carson documented the declines in bird populations
and other consequences of pesticide use in the early 1960s (Carson 1962),
which sparked a movement to control pesticides and other forms of pollu-
tion. Also, since conservation, public health, and sustainability have become
major political issues, ecological theories and models, and ecologists them-
selves, are often called upon to set policy.

Possibly as important, though, are the less tangible ramifications of ecolo-
gists’ work. Revelations of human-caused environmental problems challenge
the widespread characterization of science and technology as bringing un-
ambiguously beneficial advances in human power and quality of life. More
abstractly, ecology is seen as delivering the message that all organisms are
interconnected, that humans are not separate from nature but are part of

This essay was published in slightly different form as the introductory chapter to my
Ph.D. dissertation in 2003, and I presented an extended version of these ideas as a talk at
UC Berkeley in March 2004. This version is copyright 2005 by Lee Worden. Permission is
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it, that what we do to nature will affect us as well and in order to survive
we must live in harmony with the rest of nature. Many see this message as
a direct challenge to many aspects of the way we live and work in Western
society, claiming that many of our institutions and habits reflect assump-
tions that humans exist on a separate plane from nature, that we can ma-
nipulate “the environment” in whatever way we choose without fearing the
consequences, that any problems we might encounter with our food supply,
health, or climate can be solved by technological innovations, and other such
ideas. Consequently, the work of ecologists is frequently invoked, not only in
support of environmentalist reforms, but also to recommend a deep and mas-
sive “paradigm shift” reaching to the heart of our civilization and hopefully
leading to a new era of peace and well-being.

Does it matter to scientists and mathematicians what conclusions other
people will draw from our theories? Should we worry about such things, or
should we put them aside in order to examine nature without bias?

The caricature of the scientist interested in nothing but pure, disembod-
ied knowledge is surely only fiction. Everybody cares about the world in
some way, and most of us have complex motivations and hopes for our work,
whether it is to cure diseases or save species, or to bring more reason and
understanding to the world. Since we do care what our work does to the
world, it is only sensible to examine how that process works, in order to
understand what we are doing and how to be effective.

Of course, the idea of examining nature without bias is by now thoroughly
discredited. Philosophers of science, sociologists and psychologists have made
it clear that all observations of the world are partially determined by theory,
and that theories are deeply intertwined with values (Jasanoff et al. 1995;
Lewontin 1993; Nader 1996). Donna Haraway has famously documented how
the unseen biases of male primatologists influenced their analysis of primates’
social structures, and the changes that followed the entry of female scientists
into the field (Haraway 1989). A look into the history of scientific racism
or the study of sexual dimorphisms, for instance, is enough to make anyone
wonder what mistakes we might still be making today.

The assumptions and values that practitioners bring to science do not
only affect the quality of their descriptions of the world; they also have an
impact on the world. Scientific racism, to choose an obvious and extreme
example, played an indispensable role in legitimizing the widespread slaugh-
ter of American Indians, discriminatory U.S. immigration policies and anti-
miscegenation laws, and the genocidal projects of the Nazi regime and the
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colonial powers of the 19th and early 20th centuries.
For a more relevant example to contemporary studies of ecology and evo-

lution, consider the famous Tragedy of the Commons model. In Garrett
Hardin’s original presentation of the scenario (Hardin 1968), a number of
herders must each decide whether to increase their grazing on a common
pasture, which is a way to benefit at the expense of the community; but if
too many herders increase grazing, the common pasture will be degraded and
nobody will benefit. The conclusion suggested by this model is that com-
monly held resources are inevitably destroyed by overexploitation; Hardin
argues from this conclusion that either heavy-handed control measures must
be imposed to protect commonly held resources, such as pastures, fisheries,
water reserves, and the atmosphere, or else they must be privatized to prevent
environmental degradation.

Since the appearance of Hardin’s paper, this logic has been applied to
actual cattle herders around the world. Attributing environmental degra-
dation and desertification to overgrazing and comparable failures of social
coordination, policy makers introduced massive and radical programs of pri-
vatization and centralization of ownership and power. These interventions,
including the conditions of World Bank loans, U. S. aid packages and Interna-
tional Monetary Fund structural adjustment policies, have had far-reaching
effects on the societies targeted, including forcing farmers and nomads out
of subsistence economies and into wage labor, taking political and economic
power away from women, and disrupting the social structures responsible for
maintaining traditional, local ecological knowledge, and, in many cases, have
failed to protect the natural resources in question from further devastation
(Taylor 1998; International Forum on Globalization 2002).

With further research, it has become clear that natural resources can, in
fact, be held in common and still protected from overexploitation by a great
variety of means (Taylor 1998; Berkes et al. 1989; Ostrom 2001). Herders and
other participants in many traditional economies have developed complex,
sensitive ethnosciences of resource management (McCabe and Ellis 1987;
Horowitz and Little 1987; Ostrom 2001). In a number of cases, ongoing
successful management of communal resources has been disrupted by cen-
tralization of management or an influx of non-natives, either of which can
create a tragedy of the commons–like scenario leading to overexploitation
(Berkes et al. 1989).

It’s not that the tragedy of the commons model is wrong. It describes a
pattern of causation that corresponds pretty well with a number of situations
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in the real world, when the circumstances correspond reasonably well to the
assumptions of the model: for instance, that at least a significant number of
economic actors act as individuals, without communication and coordination
with others in the system, and are in fact motivated by economic benefit,
conceived in terms of personal material wealth, rather than social well-being,
sustainability, or a web of mutual obligations with the rest of the natural
world (as is the norm in many indigenous societies). When the appropriate
conditions apply, the model can provide valuable insight into what is likely
to happen and what to do about it; when they do not, applying the model
anyway is unhelpful and possibly dangerous.

Ecologist and philosopher of science Peter Taylor has presented a critique
of the tragedy of the commons model (Taylor 1998) that highlights these fea-
tures of the model as well as others that make it often inappropriate, and
some of the effects of its use. Application of the tragedy of the commons
model to a real-world situation asserts not only that the humans involved
act like individualistic, self-interested economic actors, but also that they
are more or less undifferentiated in terms of power and choices, that the
choices are fixed, and that everything outside of the system composed of the
commonly-held resource and the humans who use it can be considered ex-
traneous. When the model’s assumptions are called into question, a number
of alternative approaches are exposed (this list is reproduced from Taylor
1998):

(i) Instead of viewing the system as composed of individuals
the nature of whose interactions are given at the outset, the
system’s dynamics are allowed to be mutable.

(ii) By thinking about the networks of social support in which
‘individuals’ are raised and in which they then operate as
adults, ‘sociality’, not individuality, is made primary. There
can be no atomized individuals in the form Hardin pre-
sented. Networks of social support make communication—
even through people’s silence—unavoidable. The networks
give power to sanctions, in the form of withdrawal of social
links, and thus also strengthen the threat of such sanctions.

(iii) Any boundaries defining a system are seen as permeable.

(iv) Inequality among individuals within the system colours the
paths that they can pursue, including their responses to de-
velopments ‘outside’ the system.
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In the real world, inequality is always present, and is often a central cause
of resource exploitation. Obscuring the presence of economic inequality also
obscures the fact that privatization usually reinforces existing inequities, and
can make it much easier for those with money and power to consolidate and
amplify their power, which often accelerates exploitation and degradation of
humans and natural resources. In Taylor’s words, “negotiations and contes-
tations among groups with different interests, wealth and power—the messy
stuff of most politics—are kept out of the picture. The ‘tragedy’ thus nat-
uralizes the liberalized economics of structural adjustment and obscures the
politics through which structural adjustment is imposed and implemented in
poor, indebted countries.”

The use of a model based on economic self-interest, and the claim that
the model is a necessary simplification whose shortcomings can be addressed
by progressively readmitting complications, that is, that the fundamental
assumptions of the model need not be removed in order to construct a suf-
ficiently accurate description of the real situation, reinforce the belief that
humans do in fact behave selfishly. This obscures the importance of social em-
beddedness and cultural differences in behavior and values, and contributes
to belief in the inevitability of the spread of Western social and economic
structures to the rest of the world.

Taylor proposes that since heterogeneity, social embeddedness, and inter-
secting processes of social and ecological change on a range of spatial and
temporal scales are central to most real-world resource management crises,
they are better served by approaches that “view embeddedness as primary”
and “examine diverse intersecting processes”. To take these basic assump-
tions as a “null model”, rather than the assumptions of the tragedy of the
commons model, can help to expose the limitations of models and policies
that violate them. Viewed with a critical eye, those models and policies can
continue to be employed where appropriate.

Models and metaphors

Scientific theories and models assert not only their stated conclusions, but
also a whole vocabulary of background assumptions about the nature of the
world, and even about epistemology itself. Many models, the tragedy of the
commons, for example, and other assertions of scientists, and their unstated
implications, can take on a life of their own and enter the larger culture’s
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repertoire of stories, finding themselves applied as metaphors in all kinds of
situations where they do not apply literally.

According to exciting research by cognitive linguist George Lakoff and
others (see Lakoff and Johnson 1980 and their subsequent work), human
cognition does not operate like a disembodied process of reasoning based
on logical categories and deduction. Instead, according to their analysis of
linguistic evidence, even some of the most basic concepts we use, such as set
membership and logical implication, are fundamentally metaphorical, and
we use metaphorical reasoning to apply familiar mental frameworks to new
situations.

Since science and the new technologies it spawns are perhaps the most
important source of new metaphors in the modern world, the role science
plays in shaping our basic mental frameworks for thinking about the world
may be at least as important as its role in constructing literal explanations
of how the world works and making new technological inventions possible.

Many people have written about the connections between the scientific
tradition and the worldviews that characterize society since the Industrial
Revolution. Some of the most important work has come from feminist schol-
arship. Susan Griffin’s Woman and Nature (1978) and Carolyn Merchant’s
The Death of Nature (1989) trace historical and metaphorical connections be-
tween the development of scientific practices and descriptions of the natural
world and patterns of oppressive treatment and characterization of women.

The metaphorical connection between science, nature, and women is no-
toriously visible in the writings of Francis Bacon, one of the most important
founders of the scientific method and the modern research institute, who
frequently referred to the natural world as a woman, calling her a “com-
mon harlot” and similar terms. Drawing inspiration from the inquisition of
witches, which was ongoing at the time—Bacon himself served as attorney
general for King James I, who imposed the death penalty for all practition-
ers of witchcraft, where previously it had been invoked only for killing by
witchcraft—he advised pursuing the same techniques of violence, violation
and torture to discover nature’s secrets:

For you have but to follow and as it were hound nature in her
wanderings, and you will be able when you like to lead and drive
her afterward to the same place again. Neither am I of opinion in
this history of marvels that superstitious narratives of sorceries,
witchcrafts, charms, dreams, divinations, and the like, where
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there is an assurance and clear evidence of the fact, should be
altogether excluded. . . . howsoever the use and practice of such
arts is to be condemned, yet from the speculation and considera-
tion of them . . . a useful light may be gained, not only for a true
judgment of the offenses of persons charged with such practices,
but likewise for the further disclosing of the secrets of nature.
Neither ought a man to make scruple of entering and penetrating
into these holes and corners, when the inquisition of truth is his
whole object—as your Majesty has shown in your own example.

There is therefore much ground for hoping that there are still laid
up in the womb of nature many secrets of excellent use having no
affinity or parallelism with anything that is now known . . . only
by the method which we are now treating can they be speedily
and suddenly and simultaneously presented and anticipated.

Investigators should not think that the “inquisition of nature is in any part
interdicted or forbidden”: they are to “bind her to your service and make her
your slave”; in this way, “nature betrays her secrets more fully . . . than when
in enjoyment of her natural liberty” and thus “the human race can recover
that right over nature which belongs to it by divine bequest”. (Merchant
1989)

The rhetorical identification of nature and women is visible throughout
the history of the Age of Exploration and into the twentieth century. It is
by means of this formula, for instance, that Sir Walter Raleigh, European
explorer of Guyana, could write of “a countrey that hath yet her mayden
head, never sakt, turned, nor wrought” (Griffin 1978).

On closer examination, this metaphor is anything but an incidental poetic
flourish. As Susan Griffin exposes more fully in a more recent work (Griffin
1995), it is part of a larger system of dichotomies: man and woman, man and
nature, white and black, nobility and commoners, God and man, heaven and
earth, spirit and matter, mind and body, reason and emotion, the sacred and
the profane. In each of these dichotomies not only a difference is implied, but
also a hierarchy of value. When they are metaphorically linked together, as
they often are, it is understood which poles of each pair are to be identified
with each other, and it is understood which side of each is more highly
valued. Men, white people, and rational thought are identified with God
and enlightenment, while women, people of color, animals, and emotion are
identified with imperfection, impurity, and danger.
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While it is no longer supposed to be acceptable to express racist, sex-
ist, and other bigoted ideas, this epistemology of separation and hierarchical
dichotomies is very much alive in our culture, and encoded in our social
structures. Physical labor is valued less than intellectual labor, and domes-
tic labor performed by married women is not paid or counted in the Gross
Domestic Product or other economic measures. People of color are portrayed
in entertainment and news reports as physical, even violent, and women are
portrayed as emotional rather than intellectual, or as collections of body parts
whose subjectivity is not acknowledged, while white men are represented as
intelligent, authoritative, and capable of acting on the world. When humans
come into conflict with the natural world, the needs, desires or rights of plants
and animals are rarely taken into consideration, and essentially never given
equal weight.

When a man assigns to himself the realms of reason, action, and the public
life, and consigns the realms of emotion, nurturance and basic sustenance of
the physical body to women or hired workers, he can achieve for himself
a kind of luxury, or a feeling of cleanliness, of being insulated from the
grimy, repetitive details of daily life. That comfortable life comes too often
at the expense of others who are denied the power to pursue intellectual and
public lives, having instead to do domestic work for both themselves and
others. But the man himself also loses something, in Griffin’s words “an
understanding that can only develop from an emotional confrontation with
the requirements of survival”, from “a daily immersion in a world of need and
dependency, reciprocity, and natural exigencies”. He can become cut off from
his own inner life, unable to experience the intimacy of physical and emotional
interdependence, perhaps even unable to participate in relationships based
on affection rather than power.

In a similar way, when a society, like ours, seeks to achieve as nearly as
possible the ideals of cleanliness, order, rationality, and freedom from need,
while distancing ourselves from the people who do the messy, physical work
that sustains our society, and the animals, plants, and ecological communities
that ultimately provide our sustenance, our feelings of success come at a
cost. Not only are millions of people around the world trapped in lives
of deprivation, forced to work hard and do without to provide luxury and
comfort for others far away, but that luxury and comfort come to take on a
hollow feeling, as people feel no sense of meaning in their lives, no feeling of
connection or community, and depression and violence are endemic. At the
same time, the consequences of our inattention to our impact on the natural
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world threaten to undermine that comfort and perhaps even our survival.
And in our attempts to understand how to address these crises, just as in
our intimate relationships, to the extent that we look at the world through
the lenses of separation, hierarchy, and domination, we can fail to perceive
the very patterns that we need to expose and transform.

In George Lakoff’s recent study of the U.S. political landscape (Lakoff
1996), the resonance between family and society is of central importance.
Lakoff outlines two dominant conceptual systems of morality that Americans
use to talk about politics. Of course there is a great deal of variation, and
nobody fits either description perfectly, but the claim is that these are the
centers of two major clusters of variation, which include most of the main-
stream discussion of American politics. Both of these conceptual systems
are metaphorical models based on images of the family. The “Strict Father”
model places the father at the head of the family, responsible for supporting
and protecting the family and setting family policy. The world is a dan-
gerous, difficult place, and the father must teach the children self-discipline
by exercising authority and enforcing discipline through punishment. Com-
petition among family members is not only necessary but good, because it
teaches self-discipline and self-reliance.

The “Nurturant Parent” model, on the other hand, centers on mutual
caring and being cared for. Parents help children develop by supporting,
protecting, providing for and caring for them. Open, respectful two-way
communication is crucial. As children mature, they enter into a balanced,
mutually supportive and respectful relationship with their parents. They
learn to care for themselves and others responsibly. According to Lakoff,
these family images, standing metaphorically for the country and the world,
provide the organizational structure for the belief systems of, naturally, con-
servatives and liberals, respectively.

I include Lakoff’s model not to argue that ecology is politically liberal (I
would rather not use such a simplistic binary opposition!), but to illustrate
how a number of different metaphorical habits can cluster together to form
a regular worldview: dichotomy and hierarchy often tend to bring control,
domination, individualism, and a pessimistic, competitive view of interac-
tions along with them, in various combinations. Here is an example from the
early literature of sociobiology:

The evolution of society fits the Darwinian paradigm in its most
individualistic form. Nothing in it cries out to be otherwise ex-
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plained. The economy of nature is competitive from beginning
to end. Understand that economy, and how it works, and the
underlying reasons for social phenomena are manifest. They are
the means by which one organism gains some advantage to the
detriment of another. No hint of genuine charity ameliorates our
vision of society, once sentimentalism has been laid aside. What
passes for cooperation turns out to be a mixture of opportunism
and exploitation. (Ghiselin 1974) (from Hull 1988)

Lakoff’s model also points to an alternative world view in which interconnec-
tion, equality, mutual aid, and respect for diversity are central, and suggests
that these ideas may also tend to arise together in regular ways.

Any number of cultural critics connect the history of technological dom-
ination, environmental crisis, alienation, and oppression with “the scientific
worldview”, “linear thinking”, “the Cartesian paradigm”, “the dominator
paradigm”; consistently, ecology is explicitly named as the source of an al-
ternative worldview, since it challenges the separation between actor and
acted-upon, declaring that acts of domination will rebound upon the domi-
nator, and that “we are all interconnected”. In a way, this is a very strange
proposal, that the undoing of science and technology should come from within
science. Of course, these ideas are nothing new; they are central to most in-
digenous cultures, to some Eastern religions, and, by some accounts, held
especially often by women even within our own culture; but when they come
from science, they carry more authority for many people.

Trees and rhizomes

According to the massively influential historian Michel Foucault, the late
twentieth century has been marked by an “insurrection of subjugated knowl-
edges”. In Foucault’s trademark style, this refers to at least two things at
once: to “the historical contents that have been buried and disguised in a
functionalist coherence or formal systemization”, but also to “a whole set
of knowledges . . . located low down on the hierarchy, beneath the required
level of cognition or scientificity.” “It is through the re-appearance of this
knowledge,” he writes, “of these local popular knowledges, these disqualified
knowledges, that criticism performs its work.” Both the hierarchy of knowl-
edge, in which expertise belongs to experts and not to workers, colonized
people, mental patients, and the other participants in this insurrection, and
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the systems of expert knowledge themselves, many of which are themselves
hierarchical, such as the Freudian theory of id, ego, and superego, or the
racist theories of colonialism, are being subverted by the emergence of other
systems of knowledge which undermine the separation between observer and
observed, between theorist and system. These forms of knowledge come at
the “global, totalitarian theories” from a multiplicity of directions, calling
into question even the existence of a single, unitary system of knowledge
that can explain all aspects of the world in the same terms. (Foucault 1980)

In the same passage, speaking of “a period characterized by what one
might term the efficacy of dispersed and discontinuous offensives”, Foucault
names as an example the work of philosopher Gilles Deleuze and psychoan-
alyst Félix Guattari. Deleuze and Guattari’s A Thousand Plateaus (1987)
takes on this subject by highlighting the image of the rooted tree, which
is the image behind all hierarchies: Linnaeus’s scheme of classification, the
evolutionary tree of descent, Chomsky’s generative grammar, and hierarchi-
cal social structures from the patriarchal family to the Church, the military,
the presidency, and business administration. The tree always converges on
a single center point: the taproot, the point of origin or center of command.
As an alternative image through which to approach the world, Deleuze and
Guattari recommend the rhizome, which is an underground network with no
center, which sprouts upward in many places and spreads outward into new
territories. The rhizome is characterized by “principles of connection and
heterogeneity”, by multiplicities, parallelisms and alternatives. “There are
no points or positions in a rhizome . . . there are only lines . . . ”

The rhizome is one of a family of metaphorical structures and processes
with no central point of control or origin. The unifying metaphor is the
network. Structures like neural networks, computer networks and social net-
works all provide rich vocabularies of associated concepts and patterns of
behavior. A particularly interesting network, similar in many ways to the
plant rhizome, is the underground mat of fungal hyphae, the densely inter-
woven threads that produce mushrooms and toadstools springing up out of
the ground in many places at once when the conditions are right, that co-
operate with plants to gather nourishment from the soil, air and sunlight,
and that may form a connected network delivering nutrients and even infor-
mation of some kind across the distances between plants and trees (Offwell
Woodland and Wildlife Trust 2001). While plant rhizomes do not connect up
with themselves in loops, many of these other structures do, forming intricate
feedback loops and higher-level aggregate structures.

13



In many ways it seems that these conceptual shifts described by Foucault
and Deleuze and Guattari are in fact underway in our culture, and have been
happening for some time, though in fragmented and ambiguous ways. Im-
ages of networks are becoming a great deal more prominent throughout the
sciences, driven partly by the availability of the Internet as a fresh metaphor,
to take the place of older images such as clockwork machines, factories and
so on, and partly by the availability of powerful computers capable of do-
ing the computational work necessary to study complex network-structured
models. All up and down the partly nesting levels of organization, network
structures can be seen as fundamental, from the recursive cycles of interac-
tion through which elementary particles define each other, to the intricate
patterns of genomics that make cell biology impossible to reduce to genetics,
to, of course, ecological interconnections, to the snarled socioeconomic webs
of human communities and the global economy (Capra 2002). Even the evo-
lutionary tree of life looks less and less like a tree and more and more like a
tangled web, as it becomes clear how much different species exchange genetic
material, especially among single-celled organisms (Doolittle 1999).

Corporations are going through a major shift (this was big news in the
1980s, and is by now practically taken for granted), trying to learn how to
reorganize as complex networks, with diversity, flexibility, and local knowl-
edge, while still somehow maintaining control, dominating their markets,
and collecting the profits. However, the decentralization of corporate power
is paradoxically coinciding with possibly the greatest concentration of power
in history, as a very small and shrinking number of corporations and indi-
viduals control a massive and growing proportion of the world’s wealth, and
increasingly have the power to force even entire nations to do their bidding.
“Swarm intelligence” is helping the U.S. military to “project its presence”
across the globe, cementing its position as the sole dominant superpower.
The rise of genomics has not stopped biologists from scrambling to create
new genetically engineered organisms that contribute to transferring power
from small farmers and traditional communities to a very small number of
very large agricultural and pharmaceutical corporations, and bringing the
design and production of nature itself under the centralized, self-interested
control of these huge businesses. Undermining conceptual hierarchies does
not always mean undermining the hierarchies of power.
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Natural selection as rhizome

[This section is more technical than the others. Here is a summary for lay
readers: Darwin’s natural selection—the idea that better-adapted individuals
are more likely to reproduce, so that successive generations of individuals are
better adapted than their ancestors on average—has been joined by a family
of other kinds of selection, opeating on groups of individuals, species, com-
munities, single genes, etc. These different selection processes can not be
ordered into a nesting hierarchy. Multiple kinds of selection may be operat-
ing in the same time and place, and conversely, the same kind of selection can
operate in very different kinds of physical systems. A single system can con-
nect different selection processes (i.e. models) and a single model can connect
different study systems.]

Darwin’s development of the theory of evolution by means of natural se-
lection was inspired not only by Malthus, as is commonly known, but also by
Adam Smith’s theory of the invisible hand of economic optimization, and the
metaphorical resonance between evolution in the natural world and sources of
order, complexity, and change in other spheres has never been absent (Schwe-
ber 1977; Lewontin 1993). In the century and a half since its introduction,
Darwin’s new mode of explanation has proven well adapted to migrate to
other fields including the social sciences, chemistry and physics. Evolution by
means of selection has been invoked as a literal cause of progressive change in
prebiotic chemical ecosystems (Schuster 1986; Kauffman 1993), mammalian
immune systems (Hull, Langman, and Glenn 2001), animal learning (Glenn
1991; Glenn, Ellis, and Greenspoon 1992; Hull, Langman, and Glenn 2001),
cultural patterns of behavior (Dawkins 1976; Cavalli-Sforza and Feldman
1981; Boyd and Richerson 1985), human thought (Bateson 1972; Gabora
1998), human languages (Nowak and Krakauer 1999; Nowak, Plotkin, and
Jansen 2000), patterns of economic exchange (Anderson, Arrow, and Pines
1988; Dercole 2002), lineages of scientific theories (Hull 19781, Hull 1988),
technological innovation (Ziman 2000), and even the creation of multiple
universes by descent with modification (Smolin 1997).

Even within biology, selection has gradually come detached from its orig-
inal role as a force operating only on variation among individual organisms,
and it is now widely accepted by biologists that selection can operate di-

1Featuring the lovely line, “Certain aspects of co-operative behaviour among scientists
may be as explicable in terms of reciprocal altruism as is mutual regurgitation among
African dogs.”

15



rectly on groups of organisms and on species within a clade, as well as on
separate genes. Currently, evolutionists are engaged in a lively debate, not
over whether selection acts on levels other than the organismic, but over
whether gene selection encompasses all other levels of selection (Williams
1966; Dawkins 1976), or whether selection must be considered on a whole hi-
erarchy of levels at once (Lewontin 1970; Gould 2002). Selection may act very
differently on different levels, as for instance, adaptation caused by Darwinian
natural selection on organisms produces directional changes in the character
of a species, which can be passed on directly to daughter species, producing
a form of Lamarckian inheritance on the species level (Gould 2002).

Traditional Darwinian natural selection itself operates differently on dif-
ferent kinds of organisms; on one view, clonal and asexual organisms have
no recombination and no need for reproductive isolation to delineate the
boundaries of species, while at the same time, according to recent evidence
(Doolittle 1999), many single-celled organisms exchange genetic material
with unrelated organisms at such a high rate that the traditional concept
of a branching tree of descent may not be appropriate at all, a difference
which must certainly have a serious impact on the patterns of evolutionary
change that predominate among such organisms. (In addition to being capa-
ble of directed variation, cultural evolution is thick with lateral transfer and
probably has more in common with unicellular evolution than with systems
in which lineages remain distinct.)

Many multicellular organisms, ourselves included, are in fact associations
of a number of different kinds of organisms, and natural selection has been
shown in lab experiments to be capable of operating on entire ecosystems
at once (Goodnight and Stevens 1997; Swenson, Arendt, and Wilson 2000;
Swenson, Wilson, and Elias 2000), a phenomenon which may conceivably
operate in nature as well; this suggests another form of selection which may be
operating on the organisms that make up such a superorganismal assemblage,
as well as any other organisms participating in a community that reproduces
and perishes as a unit often enough to be subject to selection as an individual.
In species that engage in social behavior and cultural transmission as well,
many different kinds of selection may be operating at the same time in the
same place, on different kinds of individuals, some of which are parts or
collections of others.

In addition to the many different forms of selection that appear to be
in operation in the natural world, evolution by means of natural selection
is now being used by scientists and engineers to create optimized solutions
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to various technological problems, in techniques such as genetic algorithms
(Holland 1975) and evolutionary programming (Koza 1994).

Referring to biological selection, many evolutionists have come to speak
of a “hierarchical” view of evolution, including processes from gene-level to
clade-level selection. However, conceptual and other selection processes do
not fit so neatly into this nesting pattern. The overlaps, similarities and
differences are surely complex and diverse. Considering selection as a large
class of related but not identical processes driving the creation and develop-
ment of multiple kinds of reproducing individuals, we face the possibility of
not one but many theories of evolution, accounting for both the differences
between the different kinds of evolutionary processes that exist and the com-
mon patterns that connect them, using our developing understanding of each
particular evolutionary process to inform the others.

A web of models

Stories of scientific advance that depict a progressive lineage of new theories
refining or supplanting older ones in each discipline do not do justice to the
process of creating and developing models. Like most real processes, it is a
lot more messy and disdainful of boundaries. Mathematical models do not
simply offer maps of real processes, they actually construct fictional alter-
nate worlds and propose that the processes observed there operate in the
real world as well. Mathematical biologist Richard Levins, some time ago,
introduced the idea of a robust proposition, which is one that is supported
by a range of models with different presuppositions, suggesting that it may
hold in a range of real situations as well (Levins 1966). A number of different
breeds of models, equally useful in different ways, make different tradeoffs be-
tween “generality, realism, and precision”, so that some attempt to describe
particular specific systems accurately, while others attempt to isolate simple,
theoretically useful patterns by idealizing the systems being modeled, and
others, idealized to make them more mathematically tractable, are used for
exploration in search of understanding and new hypotheses.

In this picture, different models apply, to varying degrees, to different
ranges of real systems. Where models agree, there may be a robust pattern.
Where they disagree, there is a tension over which models best describe
which real systems. Add to this picture the perception that some models
have relevance to multiple systems of different kinds—biological, technologi-
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cal, and conceptual adaptation, for instance—and the world of models comes
to look like an interconnected, heterogeneous patchwork of different model-
ing projects, conversing and negotiating with each other where their ranges
overlap.

Levins’ picture presents an alternative to the reductionist “unity of sci-
ence program”: system- and network-oriented modeling, like Deleuze and
Guattari’s analysis, can go after patterns that recur in systems made up of
different kinds of things. Instead of chemistry “reducing” to physics, biology
to chemistry, and so forth, biologists can be as informed by anthropology,
literary theory, or psychoanalysis as by physics and chemistry. In this way
we can develop an understanding of patterns that cut across the reductionist
hierarchy of sciences, just as bacterial gene swapping and retroviruses cut
across the tree of life. Physics is not “more basic” than anything else, sci-
ence is not a hierarchy but a conversation that goes all directions at once,
spilling over into other disciplines, with no clear distinction between science,
art, and humanities, and certainly no dominance relationship.

Ecology and other rhizomes

In the same way that we can come to see Darwinian natural selection as one
of a class of selective processes which provide opportunities for theoretical
cross-fertilization, we can also consider selection in relation to other classes
of processes that produce adaptive change, and look for opportunities to
contrast and connect these different processes. For instance, students of the
evolution of multicellular organisms have concluded that in order to persist,
these groupings of cells are forced to evolve regulatory mechanisms to enforce
‘altruism’ by preventing individual cells from doing ‘selfish’ things that en-
danger the collectivity (Buss 1987). The same conflict is identified in social
insect colonies, where cooperation is believed to be maintained by kin selec-
tion, a very different process than the germline segregation and Darwinian
selection that maintains ‘order’ in organisms. In what way do these findings
relate to the question of how human social institutions maintain their own in-
tegrity, whether by policing their members or through other means? Is there
a sense in which these processes are not merely analogous, and are in fact lit-
erally instances of the same causal process, as different kinds of selection are?
Is this possible even if the ontogeny of social institutions occurs by a process
other than selection? What are the connections and distinctions between
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selection-driven evolution and other processes of adaptive change, such as
self-organization, institutional learning, individual learning, the coalescence
of cosmological structure, and so on?

Sociologist Hilary Rose (2000) presents an elegant defense of social ex-
planations for individual behavior that cannot be reduced to qualities of
individuals, and so cannot be explained by the action of selection on indi-
vidual humans. In response to the claims of evolutionary psychologists John
Tooby and Leda Cosmides (1992), who propose to “unify” the sciences under
biological reductionism, she writes, focusing on the classic sociological work
of Emile Durkheim (1897),

Of a piece with the new experimental biology, defending its au-
tonomy and irreducibility to chemistry and physics, Durkheim
defended the autonomy of the social as a legitimate level of anal-
ysis irreducible to individual psychology. This argument is most
elegantly shown in his classic study Suicide. He takes this phe-
nomenon, which seems above all to be about private agony and
individual psychology, to demonstrate the autonomy of the social.
Using pioneering statistical techniques . . . he showed that per-
sonal agony and suicidal outcome were causally linked to religious
values which bind or fail to bind the individual to the group and
thence to life. Durkheim’s theory thus explains both why Protes-
tants kill themselves and why Catholics in the selfsame agony do
not.

Some applications of evolutionary theory to outside domains such as philos-
ophy of science and free market economics seem convincing and useful. This
does not imply, however, that selection is the sole cause of adaptive change in
these systems. For instance, progress in scientific knowledge does not come
only from variation and selection among published ideas, it is also depen-
dent on individual scientists developing a deep understanding of their study
systems. While this process may ultimately be reducible to a form of selec-
tion among hypotheses within the mind, I see no reason to assume so. The
process of observing a system’s behavior and constructing a mental model
of its function may be basically different from the trial and error process of
reproduction with variation described by selection models.

Non-selective adaptive change is important both in biology and out, and
is a rich source of analogy among non-selective processes as well as between
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selective and non-selective processes. Consider Hegel’s classic depiction of
conceptual development as a growing plant:

The bud disappears in the bursting-forth of the blossom, and
one might say that the former is refuted by the latter; similarly,
when the fruit appears, the blossom is shown up in its turn as
a false manifestation of the plant, and the fruit now emerges as
the truth of it instead. These forms are not just distinguished
from one another, they also supplant one another as mutually
incompatible. Yet at the same time their fluid nature makes
them moments of an organic unity in which they not only do not
conflict, but in which each is as necessary as the other; and this
mutual necessity alone constitutes the life of the whole. (Hegel
1931) (from Bookchin 1982)

An important question raised by the discussion of fruitful analogies be-
tween processes of change is whether the flow of ideas from biology to the
study of other systems can be reversed. For instance, philosopher of biology
David Hull has proposed to his colleagues that they should make in-depth
use of the work of evolutionary biologists, not only as a study system, but
as a source of theory for understanding the evolution of lineages of scientific
theories. He has also put this proposal into action, producing intriguing and
fruitful theories about the constraints and forces operating within scientific
communities, derived from the careful application of evolutionary theory to
those systems (for instance, Hull 1988; see also Ruse 1989). Meanwhile,
many other philosophers, historians, and sociologists of science are at work
producing very different accounts of how science works, drawing from long
and rich traditions, not derived from biology, of analysis of the tensions be-
tween individual and community needs, constraint and creativity, creation
and destruction, and so on. Hegel’s famous comparison, of course, fits into
a much larger tradition of analysis of historical processes and conceptual
unfolding. If social and cultural adaptive systems are in some ways like bio-
logical systems, in what ways are biological systems like social and cultural
systems? What understanding might we gain by attempting to understand
natural systems in the ways that others understand human systems? If pro-
cesses of adaptation caused by the action of selection on heritable variation
sometimes produce the same results as other processes of adaptation, what
can we learn about selection from these other processes?
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Social phenomena, as well, are in some cases available to explanation
by selection acting on groups or on some other scale of associations of hu-
mans, but they must often have other explanations, such as selection among
social structures independent of the life and death of humans, natural self-
organization processes, influence by cultural change of the kind described by
Hegel and many since, or simply being the only viable option available to
humans in a particular time and place. As sociality is apparently common
among animals, bacteria, algae, and perhaps even trees (Baldwin and Schultz
1983), it makes sense to entertain the possibility that many of these social
structures may have non-selective explanations, and where appropriate, to
look to sociology and anthropology for sources of possible explanation of
these phenomena.

Evolution due to selection happens in many different kinds of systems.
Devised to explain patterns of variation among plants and animals, it has
escaped from its domain of origin and become a rhizome that cuts across the
hierarchy of knowledge. The work of ecologists, also, may have the potential
to flourish in environments other than biology.

Models from mathematical ecology, including the Lotka-Volterra equa-
tions, have been carried over to economics (Saviotti and Mani 1995; Solomon
1997; Farmer 1998), and epidemiology has always been closely allied with
ecological modeling. Ideas from ecology have dispersed more widely: com-
puter scientists speak of “information ecologies”; Gregory Bateson’s central
work on cybernetic epistemology, though it deals mostly with evolutionary
ideas, is nonetheless titled Steps to an Ecology of Mind (1972). The very title
of Vandana Shiva’s Monocultures of the Mind (1993) is an eloquent argument
against the globalization of Western culture and technological practices.

Since scientists do not work in isolation, passively observing nature and
dispassionately summarizing their observations, but rather “mobilize hetero-
geneous resources”, including nature, technological artifacts, existing theo-
ries, workers and students, other scientists, journals and so forth, to con-
struct, strengthen, and champion their theories, sociologists of science are
now trying to look at the processes of science in terms of networks and “clus-
ters of processes, subjects, objects, meanings and commitments” including
all of the above, that produce and inform “situated knowledges” (Haraway
1998; Taylor 1997), and speaking of “ecologies of knowledge” (Rosenberg
1988; Star 1995). Given the mileage Hull has been able to cover developing
a theory of conceptual inclusive fitness, cladistics, and such things for the
evolutionary development of scientific theories, what can we say about the
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ecology of science? Do scientists need to occupy different niches? Do research
programs? Do they compete for resources? If so, do they also modify their
social environment in a way that changes the outcome of the competition?
Does diversity strengthen science? What about systems of knowledge other
than science?

Ecologists, of course, are the experts on ecology, and should be more
qualified than most to speak about these things. Ecologists also, whether
by choice or not, are central to these projects that are happening outside of
biology: ecologists create the images that people use to make these things
happen.

Ecologists beyond biology

Darwinism arose contemporaneously with the free-market economics of in-
dustrial capitalism, and the two theories have a great deal in common, es-
pecially in their popular forms. Darwin’s theory focuses on the effects of
differences in individuals’ fitnesses in a given environment, and minimizes
the effects of individuals on their environment and on each others’ fitnesses;
Adam Smith’s theory does essentially the identical thing, considering in-
dividuals’ “utility” in an economic environment. Individuals are considered
separately, and what happens in the system is deduced from the behavior and
fate of all the separate individuals. Organisms, and economic actors, adapt
to their environment; they do not adapt the environment to themselves, or
destroy their own enterprises by ruining the earth and going extinct. Nor
do they get together and work out how to avoid ruining their environment.
(Lewontin 1993)

Ideas of competition, and struggle, and fierce battle, commute freely be-
tween these domains, and in both settings fit easily into a by now well-known
story about survival in the world. The prevailing conditions are given, and
everyone must adapt as best they can—“you can’t fight city hall” (Lewontin
1993). Everyone is out for themselves; get what you can while you can. In
economic discourses, we end up not only viewing the world as made up of in-
terchangeable utility-seeking individuals, but also making the world conform
to the model by replacing traditions and informal institutions with busi-
ness interactions; we are led directly to Prime Minister Margaret Thatcher
declaring that “there is no society, only individuals and their families” while
taking away welfare benefits for poor people. In evolution we hear almost
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exactly the same line in explanations of social behavior—it’s all a side effect
of individuals maximizing the fitness of their genes and those of their family
members.

Certainly not everyone in these fields takes these extreme positions, and
that is partly my point. These extensions of the theoretical models of evo-
lution and economics are not dictated by the observations of naturalists and
experimental economists (quite the contrary). They are a natural outgrowth
of the Enlightenment philosophy of Voltaire, Locke, Laplace and their spir-
itual kin, who placed their faith in freedom, democracy and open exchange
of ideas, looking forward to a great future in which man rules over nature by
reason and tyranny is no more.

The failings of this ideology are becoming harder and harder to miss.
Freedom and democracy are noble ideals, yet in the context of the culture
of separation, hierarchy, and domination whose roots go much deeper, they
have not been enough to prevent the paradoxes we encounter today: democ-
racy subverted by the power of huge media monopolies, and the rhetoric of
the free market used as a weapon by massive corporations to protect ac-
cess to other countries’ markets and stop them from making policy decisions
autonomously. Most obviously, this faith in the power of reason, science,
and technology, whether manifested in the putative free-market capitalism
of Western societies or in the putative socialism of modern Eastern societies,
has not stopped them from devastating the biosphere and communities of in-
nocent people all over the planet. These grand plans miss the embeddedness
of humans in nature and the impossibility of making nature and communi-
ties of human beings embedded in their local ecologies conform to engineers’
blueprints.

As time passes, we all seem to be more and more at the mercy of a few
powerful people with fantasies of separation and control. Military planners
appear to think that they can vanquish their enemies, and that they can set
off atomic bomb tests and dust Iraq with depleted uranium powder without
poisoning their own descendants; technocrats construct nuclear power plants
without knowing where the radioactive waste will go; corporate executives
pump communities full of useless, destructive products and the patterns of
passive, alienated consumption that go with them, apparently imagining that
they can do this without impoverishing their own lives; and biologists com-
pete to cobble together strange new organisms for profit, with or without
nightmares of what will happen if the world’s ecological integrity is finally
stretched beyond its limits as the transplanted genes escape from their mak-
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ers’ control.
I don’t believe that the ideology of separation, control, and domination

is inherent in the process of natural selection, or in the patterns of economic
self-organization; it comes in in how the theories are constructed and used.
Exploratory and idealized models are especially vulnerable to unconscious
biases, because they often simply codify the modelers’ preconceptions and
are not subject to rigorous testing against observations.

Building on Levins’ theory of model building as a heterogeneous process,
Taylor (2000) identifies a number of “sites of sociality” where the model
building process is not governed by the study system, and decisions must
be negotiated by modelers on a social level. These sites include what ide-
alized assumptions are considered reasonable; what level of correspondence
with observations is considered sufficient confirmation for a model, and in
what sense a model is considered to be “confirmed”, whether as a concep-
tual pattern or a concrete prediction; what “degrees of freedom” are con-
sidered in constructing competing variant models—as ecologists commonly
test their conclusions against the addition of spatial heterogeneity, genetic
heterogeneity, age structure and so on, whereas, for instance, models that
assume that behavior is governed by economic or reproductive self-interest
are rarely challenged on that basis; and what empirical observations are con-
sidered relevant, and how they are obtained, whether more passively or by
actively constructing artificial conditions in which observations are taken.

Much of the modeling process consists of engaging with existing modeling
projects on these levels and others. This process is heavily informed by all of
our personal identities, social positions and non-rational beliefs, and it has a
great impact on the social process of constructing the world, how we consider
it to operate, the range of options visible to us, and how we act on it.

Ecologists, just by being ecologists, in a sense embody a way of perceiving
the world and engaging with it that has the potential of growing into a source
of hope for the future. We are in a unique position to challenge claims and
patterns of living that go against our knowledge, and to construct alternative
forms of knowledge.

In order to escape or mitigate the ecological and social disasters that seem
more and more inevitable each year, we need more than clarity about the
problems we face and the will to take them on. We need to work a transfor-
mation in the ways we relate to nature and to each other. More than that,
we need to understand better how transformations happen and what kind
of transformations result from what kinds of interventions. Ecologists, who
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study interactions, relationships, and transformations, are part of this cru-
cial project. The more clearly we free ourselves from the narrow prejudices
of individualism, competition, and separation, and think of ourselves as ad-
dressing problems that go beyond biology, and accept these challenges that
occupy the realms beyond biology, the more effective we will be as citizens.

At the same time, the more we open our minds to multiple possibilities
and free ourselves from outmoded stereotypes of economic competition and
class division, the more ways we have to understand the systems we model
while they still exist. Nature is not a Dickens novel, and it is not a clockwork
automaton (on whether it is a common harlot, I have no comment). If we
look for alternative stories we will find them, and the better chances we may
all have of finding sources of true hope.
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