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PREFACE.  YET ANOTHER EXAMPLE OF THE 

POROUSNESS OF CERTAIN BORDERS
1
 

 

 

It is clear that the encounter creates nothing of the reality of the world, which is 

nothing but agglomerated atoms, but that it confers their reality upon the atoms 

themselves, which, without the swerve and encounter, would be nothing but 

abstract elements, lacking all consistency and existence.  

-Althusser
  
(2006 [1982]: 169, emphasis in the original) 

 

1. 

 Eighteen seventy-three marked an important year for gecko-human relations, 

although it is unlikely that geckos fully grasped its significance. Similarly, early 

philosophers of the atomist tradition, namely Leucippus and Democritus—long dead—

likely missed the progress made that year in support of their theory. It is far more likely 

that Johannes Dederik van der Waals, a budding Dutch physicist, appreciated at least 

some of the events in 1873. For that was the year that the University of Leiden conferred 

on him a doctorate for his thesis “On the Continuity of the Gas and Liquid State.” Van 

der Waals’ thesis argued that the difference between liquid and solid states was a 

question of quantity and not quality: that water and water vapor are not different 

substances, but are instead states of the same substance, differentiated by density. This 

led to his claim that liquids and gasses proceed “continuously from one state of 

aggregation to another” (van der Waals 1988 [1873]: 125). The notion that life was 

composed of moving “molecules” (what we now consider “atoms”) was still a point of 

heated contention in 1873. Van der Waals himself doubted the theory and it would be 

                                                
1
 I have cribbed this title from an essay of the late David Foster Wallace. 
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four decades before their existence would be demonstrated sufficiently.
2 
But for the story 

told by this dissertation, the development of atomic theory is not what marks Van der 

Waal’s discovery as an important milestone. Because, while clarifying the relation 

between liquids and gases, Van de Waals described something else much more 

significant: how like molecules ‘bond’ to each other. 

Today, atomic boding is the stuff of introductory chemistry classes, where we 

learn that different charged atoms attract and bond to one another to form molecules, 

common table salt, NaCl, being the most commonly cited example. As positively charged 

sodium atoms (Na
+
) come into proximity with negatively charged chlorine atoms (Cl

-
), 

the result is a strong electromagnetic attraction that forges a bond, joining two elements 

to form a completely different, crystalline substance. But these bonding forces between 

different elements are not enough to explain why liquids and gasses composed of a single 

element or molecules often hang together, exhibiting a kind of viscosity in their behavior. 

Van der Waals was the first to describe this attraction between neutral or similarly 

charged atoms of the same and different substances, developing mathematical models 

that measured how they too “bond” to one another if only weakly. As electrons move 

around the nucleus of an atom, their electric charge fluctuates. When two bodies of a 

similar kind come into close enough proximity, these charge fluctuations “dance” in 

rhythm with one another, creating a temporary polarity. This attraction creates a loose 

and temporary bond as their electrons join momentarily and move together in 

                                                
2
 In his acceptance speech for the Nobel Prize in physics in 1910, van der Waals stated, “when…I 

determined [the] number [of molecules] in one gram-mol, their size and the nature of their action, 

I was strengthened in my opinion, yet still there often arose within me the question whether in the 

final analysis a molecule is a figment of the imagination and the entire molecular theory too” (van 

der Waals, quoted in Kipnis, et al., 1996: 31). 
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synchronization (Parsengian 2006). Van der Waals’ equation of intermolecular force 

attraction has been substantially revised over the past century and a half. Nevertheless, 

we still refer to the forces of cohesion of like and neutrally charged molecules as “van der 

Waals forces.” 

 Van der Waals forces are essential for our understanding of how liquid and gas 

molecules interact. However physicists consider this bond between atoms to be feeble, 

particularly in relation to solid-state materials (Parsengian 2006). Indeed, for lay people 

van der Waals forces have little bearing on everyday life. Consider, for example, the 

molecules that make up the surface of your skin as they meet those that constitute the 

ceramic glaze of a coffee cup. As you grab hold of the handle, they may join together for 

a brief moment, balancing the fluctuation of their charges and bringing your skin into 

intimate contact with the glaze. But their momentary marriage registers no felt effect. In 

everyday life we have little reason to treat this interaction as anything other than an 

abstract theory in particle physics.  

 We might attribute this insignificance of van der Waals forces to the infinitesimal 

magnitude of their binding force. But recent research has suggested that the significance 

of van der Waals attraction is a question not of the force of the bond, but of scale and 

surface topology. In pressing your fingers to the sides of a coffee cup, it may seem that 

your fingers conform to its surface. At the molecular scale, however, both fingers and 

ceramic are pocked with ridges, craters, and valleys. The intervening space between them 

is so great that the points of contact are relatively few, leaving little opportunity for 

electrostatic attraction. This is true for the majority of bodies in the world, whether 
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animate or inanimate. 

 But it is not true for geckos.  

Among the world’s climbing organisms, even among those that seem to defy 

gravity by “sticking” to surfaces, geckos are unique. Most amphibians and insects adhere 

to walls and tree trunks using friction, capillary adhesion, hooked structures on their legs, 

or some combination of all three. Frogs, for example, secrete a mucus-like material that 

helps to secure a bond with trees, rocks, and other surfaces. Geckos, however, do not 

produce adhesive; the pads of their feet are adhesive. In fact, a recently dead gecko sticks 

to walls just as easily as a live one (Forbes 2006). This is because a single footpad of a 

gecko is covered with hundreds of thousands of tiny hairs, called setae. Arranged in rows 

called lamenae, these setae reach densities up to 5300/mm2. Each seta is one-tenth the 

diameter of human hair and, at their ends, each splits into several hundred smaller 

"spatula.” German zoologist Uwe Hiller was the first to suggest that it was the 

configuration of these tiny hairs on the feet of the gecko that allowed for its adhesion 

(Autumn, et al. 2000). Hiller’s hypothesis remained conjecture—along with several other 

theories of how geckos stick—until researchers at UC Berkeley in the late 1990s 

experimented with the adhesive force of gecko setae, publishing their results in the June 

08, 2000 issue of Nature (Autumn, et al. 2000). What they discovered was remarkable. 

By measuring the adhesive force of a single gecko seta detached from the living gecko 

and glued to the end of an insect pin they found that the hairs on the gecko's footpad 

achieve maximum conformity with the topography of any surface, reducing the atomic 

gap distance that typically prevents van der Waals forces from being anything other than 
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extremely weak (Autumn, et al. 2002). The number and nano-size of setae ensures that at 

any moment, sufficient surface area is covered and in contact with the wall at the atomic 

scale. Today scientists generally accept that it is their "geometry, not surface chemistry, 

that enables a gecko to support its entire body with a single toe" (Ron Fearing, quoted in 

Geckos' Sticky Foot Hairs Provide Inspiration for Adhesive 2002). 

 

2. 

 In our efforts to join things together, we have learned to tie, weld, solder, fasten, 

rivet, or apply chemical adhesives to act as a bond. Within the present moment of 

industrial production, adhesives are considered the most economic and versatile method 

for joining objects together. They work by bonding one surface to another through a 

process called polymerization, by which the adhesive bonds the opposing materials to it, 

and therefore to one another at the molecular scale. These chemicals, however, are 

limited in application: they are often sensitive to high heat, break down underwater, and 

lack the strength of welded or soldered joints. In the hopes of overcoming such 

limitations, engineers have turned toward geckos (and other animals) for inspiration.  

 Among a number of projects developing gecko-inspired adhesives, most 

impressive is perhaps the work of Ethan Golas. When I toured Golas’s lab in 2010, he 

and his students were in the process of putting the final touches on Stickybot v.3, a 

gecko-inspired robot. If Descartes infamously anticipated a future in which we would 

construct machines indistinguishable from animals, Golas’s Stanford lab has taken steps 

in that direction, but there is nevertheless no mistaking the machine for an actual gecko. 
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Rather than a moving skeletal system encased in folds of reptilian skin, the Stickybot 

appears as a collection of exposed computer chips and mostly hard plastic parts joined 

together with multi-colored wiring. And, of course, unlike actual geckos, the robot moves 

on command. Yet, Golas’s Stickybot has a number of qualities that serve to make it—as 

Descarte would have expected—“of the nature” of geckos, expressing startling fidelity to 

their physiological architecture, if not to their appearance. But even if its movements are 

more deliberate than an actual gecko’s and a soft whirring sound of moving gears 

accompanies each step, the robot possesses a measure of grace that is almost uncanny: its 

gait was based on mathematical models of gecko locomotion. The most striking feature 

of the device is its feet. Its footpads are flesh-like, made of a synthetic polymer developed 

in Golas’s lab. Looking at them, the physical difference between animal and machine 

seems to evaporate, as if the robot ends in gecko at the ankles.  

   

3. 

  Videos of Stickybot’s movements are widely available on the web (see 

http://www.youtube.com/watch?v=odAifbpDbhs). I have watched tens of times as the 

robot, with its uncanny feet, climbs up walls and crawls across floors. Every time I do so, 

King Louie’s rhythmic plea to Mowgli in the Disney version of the Jungle Book comes to 

mind and replays in my head for days.  

 “I want to walk like you, talk like you. You see an ape like me can learn to be 
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human too.”
3
 In the film, Louie’s articulation of the human seems contradictory: as the 

animated chimpanzee is already an anthropomorphic representation—a dancing, singing, 

politicking animal—he already “walks and talks” like Mowgli. Indeed, the aging chimp is 

savvier than the child. Later in the song, however, he gets to the point. To really become 

human he requires access to the very thing that, according to Bernard Stiegler, 

distinguishes humans from animals: techne. That is, he requires their ability for tool use 

to build a more advanced orangutan civilization. In the end, he appeals to Mowgli to 

teach him to use the element that many consider fundamental to our capacity to create 

and recreate the conditions of our environment: “What I desire is man's red fire to make 

my dream come true.” In the story King Louie’s species-specific limitations frustrate 

him. He and the other apes appear incapable of stepping outside of themselves to 

generate meaningful change.  

 As an ape, Louie wants to engage in becoming human. But according to other 

narratives, its not his embodied limitations that would prevent his capacity for tool use; 

rather it is his already complete nature. Stiegler’s exploration of Plato’s myth of 

Prometheus and Epimetheus, for example, rearticulates an understanding of human life in 

relation to technology that places our ability to harness tools like fire in our inherent in-

ability. In that story, Epimetheus took on the responsibility of equipping all of the mortal 

creatures on earth with tools for survival. He armed each with a different capacity or 

skill, embodied in the very essence of the animal. But he forgot to save suitable material 

for the creation of the human, which was left “naked, unshod, unbedded, and unarmed” 

                                                
3
 The implicit racism in King Louie’s characterization as a jazz loving, jive talking, orangutan has 

been well documented. I take the song and film at face value here, however, simply as a way into 

the issue of mimetic relations between humans and animals.  
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(Stiegler 1998: 187). Not wanting to leave humans so vulnerable, Epimetheus’ brother 

Prometheus stole art and fire from the gods, giving humans these skills as a means to 

manipulate the environment and survive on earth. Stiegler employs this myth in contrast 

to narratives that would locate the origin of human life with the kind of fall from grace 

depicted in Judeo-Christian tradition. With the double fault of Epimetheus’ forgetfulness 

and Prometheus’ theft, Stiegler suggests that our humanity lies in our capacity to 

transform the material conditions of our existence. Accordingly, Stiegler understands 

humans as beings always-already outside themselves. Limited in ways that other animals 

are not and made vulnerable to the elements, our survival necessitates transforming the 

conditions of our environment.  

 Plato’s story may suggest that it is not King Louie who should envy humans, but 

rather the other way around. But, if it is the poverty of our bodies that produced our 

capacity for the manipulation of the environment, this limitation has produced 

considerable surplus: where our bodies fail, our technological capacity produces more 

than our present needs require. Despite this, there are many things we cannot do – 

climbing vertical surfaces, for example. The rise of urban military conflicts in the 

twentieth century has made this a pressing concern, notably in places like Baghdad, 

Mosul and Palestinian towns and cities, where military forces have faced structures that 

they cannot easily scale, move through, or see around (Graham 2009b).
4
 As a result, the 

                                                
4
 Consider, for example the Israeli Defence Forces’ (IDF) method of hunting down Palestinian 

guerrillas in the city of Nablus in 2002. Described as “inverse geometry” the IDF sought out 

enemies of the Israeli state by moving “horizontally through walls and vertically through holes 

blasted in ceilings and floors” (Weizman, E 2006: 

http://www.frieze.com/issue/article/the_art_of_war/). Not wanting to produce that level of 

destruction in Iraq or Afghanistan (it would not, after all, win over too many “hearts and minds”), 
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US military has invested heavily in gecko research with the expectation that one day soon 

soldiers will have the capacity to “walk like” (if not talk like) a gecko.
5
 

 As we attempt to move beyond traditional industrial means of technological 

development, scientists, military strategists, engineers, and others have begun to covet the 

techne of other organisms in order to learn new methods for transforming the conditions 

of our lives. Through their work, they have solved problems in areas where human 

ingenuity alone has previously failed by exploring how the so-called “blind watchmaker” 

of evolution succeeded thousands if not millions of years before our time.  

  The gecko—charismatic and capable of seemingly amazing feats—has become 

emblematic of this phenomenon, the bearer of an embodied form of “genius” capable of 

supplementing human capacities or exceeding their imagined limits. But what are we to 

make of biomimicry? What does the field accomplish, not only in terms of technological 

achievement, but also in terms of our relations with animals and with one another? This 

dissertation tries to find answers by digging into the emerging field, locating both its 

promise and its hidden dangers. 

                                                
the US military has attempted to confront this issue by developing what they have called “total 

information awareness” gleaned from a combination of advanced satellite technology, 

surveillance cameras, and communication devices. To date, the technology is not enough 

advanced to produce the desired results  (see Graham 2008).  
5
 While I go on here to discuss the making of Stickybot, another outcropping of Kellar Autumn’s 

research has been the Z-Man project of the Defense Advanced Research Projects Agency 

(DARPA), which seeks to develop “gecko suits” so that humans can learn to scale “a vertical 

surface while carrying a full combat load” 

(http://www.darpa.mil/Our_Work/DSO/Programs/Z_Man.aspx).  
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CHAPTER 1. GECKOS 

 

 

1.1 Introduction to a Biomimetic World 

 From a certain perspective, biomimicry is nothing new. Scientists and engineers 

have long modeled devices on organic structures and organisms, developing 

technological objects that aid our survival.
6
 As Gabriel Tarde elegantly noted, “invention 

bears the same relation to imitation as a mountain to a river.”  The recognition and 

creation of resemblance—mimesis—is itself integral to all forces of production (Tarde 

2009 [1903]: 3). But until now mimicking biological life has never presented itself as a 

distinct field for organizing scientific research and technological development.  

 Over the past twenty years, the field of biomimicry has emerged as a “key driver 

of innovation” and a “game changer” in technological and material production. It has 

engendered a paradigm shift in engineering and has produced a host of novel, even 

“miraculous,” devices (Schaul 2011).
7
 As a result, designers increasingly look to lotus 

leaves, bacteriophages, spider silk, gecko feet, and countless other biological materials 

for their capacity to inspire novel solutions to problems of technological, material, and 

                                                
6
 To illustrate this point, physicist and biomechanicist Yosef Bar-Cohen compared drawings of 

the ancient Egyptian God Khensu (noted for its winged physiology) with images of the Concorde, 

claiming that both illustrate “the age-old fantasy of humans being able to fly” (BarCohen 2006: 

5).  
7
 On biomimicry as a maker of “miracles,” see for example Carnegie Mellon’s "Messiah" robot, 

which was engineered to walk on water using techniques inspired by the Gerridae family of 

insects, better known as “water skimmers” or “Jesus bugs” (Zyga 2007). 
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even social engineering.
8
 The emergence of biomimicry has represented a shift in design, 

an intensification in the level of fidelity to the architecture of nonhuman life to which 

biomimetic engineers adhere. Popular narratives of biomimicry’s emergence focus on the 

ways in which biological organisms offer inspiration for new design techniques across a 

wide spectrum of uses. Unsatisfied with metaphoric translations of animal forms into 

engineering designs (as the transposition of the image of a soaring turkey buzzard into the 

development of the airplane, in the famous example of the Wright Brothers’ 

achievement), biomimicry opened the new possibility to “reverse engineer” nonhuman 

materials at their most intimate scale through a recreation of the behaviors, functions, and 

material constitution of biological organisms.  Inspiration could thus come not only from 

what a gecko can do—it sticks—but how it does it.   

 Consider the details of Ethan Golas’s gecko robot. His is not the only gecko-

inspired adhesive to have been generated since Autumn’s work showed the mechanics of 

gecko adhesion, but it is the only one of these that have been integrated into a larger 

gecko-inspired design. I mention this distinction because it is more extraordinary than it 

may seem at first blush. Golas’s lab has built a robot that doesn’t merely walk or stick; it 

climbs. This means that the material that makes up its footpads therefore must be able to 

stick, to unstick, and to stick again, repeatedly. In the world of adhesive materials, the 

adhesive pads that form Stickybot's feet (still an imperfect prototype) are revolutionary. 

Traditional adhesives, like that found on the back of a Post-It Note, stick 

indiscriminately, its capacity to unstick and restick inversely correlated with the amount 

                                                
8
 Architecture firm HOK has recently partnered with the Biomimicry Guild (the subject of 

chapter three) to develop a form of biomimetic urban planning.  
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of dirt and other materials that eventually coat the adhesive strip. To achieve a better 

adhesive design, Golas needed to mimic more than the material of the gecko's epidermis. 

He also needed a detailed understanding of how the micro-hairs on a gecko's foot 

function in connection with the gecko’s mechanical movements. For geckos, adhering to 

surfaces using van der Waals forces involves what is known as “directional adhesion,” 

suggesting that the material covering gecko feet does not stick uniformly, but only in a 

certain direction. Golas further noted the multiple elements involved in mimicking the 

gecko’s capacity: 

 

You need to be able to conform intimately to what you're climbing at all different 

length scales: centimeters, hundreds of micrometers, micrometers, hundreds of 

nanometers. And that's basically one of the first key principles that you have to 

follow if you're going to climb as a gecko does. The second key principle is this 

idea of directional adhesion; it only sticks if you pull it in a certain direction. This 

has been really important for reducing the amount of energy it takes. Because 

what you don't want is something like duct tape, where you have to sort of push 

on and stick and then you have to puuuuulllllllll it off. You want something that 

you can just brush on the surface, pull down, and it should stick itself. And then if 

you go in the other direction it should just come right off (Golas interview, 2010).  

 

In terms of the mechanical architecture of gecko bodies and their robotic 

counterparts, this means that descending a wall requires the same foot-orientation as 
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ascending it: to climb down, geckos rotate their feet at the ankle 180 degrees. The 

engineering of Stickybot v.3 considers all of these factors: the material of gecko feet, the 

overall mechanics of gecko movement, and the interaction between the two. The robot 

does more than resemble a gecko. It embodies the capacities we locate in the gecko. 

Detailed in the popular press by writers like Peter Forbes and publications such as 

National Geographic, biomimicry captivates the imagination with its menagerie of lively 

technologies, its seemingly magical materials, and the possibilities that promise to 

enhance our lives (Forbes 2004, Mueller 2008). But while readers can turn to such 

popular publications to learn of the value of biology for innovative design, few accounts 

have considered biomimicry beyond its value for technological innovation.
9
 Existing 

introductions to biomimicry, for instance, offer brief and superficial histories of the field 

at best, leaving the implications of biomimicry for social and political life uninterrogated. 

The chapters that follow situate biomimicry’s practices and its products within a broader 

socio-political context. In each, I attempt to articulate how biomimicry has been valued 

and produced amid diverse political commitments and interests. But this thesis is not 

interested in merely ‘situating’ biomimicry, but also in how we think about the field and 

the multiple attendant transformations to biology and technology that it promises. 

Running through this dissertation, then, is a concern with biomimicry’s potential—its 

                                                
9
 One notable exception is Charles Zerner’s work on the US Department of Defense’s interest in 

biomimetic robotics and its attendant effects on how we conceive of and use nonhuman nature. I 

treat Zerner’s account in more detail in chapter two. His work and that of Jake Kosek on the use 

of bees by the DoD attend chiefly to the intended uses of nonhuman life primarily by those who 

imagine its applications. As I explain in the methods section, this dissertation is concerned with 

pairing imagined uses of biomimetic research and attendant futures with an analysis of 

biomimetic practices. My intent is to provide a more holistic treatment of biomimicry’s 

emergence and its potential.  
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potential to generate innovative technologies, but also to transform how we produce in 

the world. 

 In what follows I develop a key claim: that biomimicry takes hold of life in 

radically new ways, transforming it both materially and conceptually. As nonhuman 

forms and behaviors are increasingly drawn to the center of human life—including social, 

economic and political relations—the field promises to change how we see ourselves in 

the world with ramifications for our institutional formations and relations of power. In 

many respects, how this occurs and with what effects, is yet to be determined. Most 

immediately, this dissertation extends arguments found within the growing fields of 

“animal studies” and “post-humanism,” both of which attest to the centrality of animal 

life and technological objects to our own social and political histories. As I detail in later 

chapters, continental philosophy in particular has increasingly turned to our conceptions 

of “the animal” in explaining how Western society and politics have taken shape.
10

 But 

rather than exploring only how biomimicry changes the figure of the animal and our 

conceptions of animals, I am also interested in how our technological society has 

increasingly enrolled the material matter and architecture of biological life, disembodying 

                                                
10

 Giorgio Agamben’s work in The Open perhaps makes the strongest claims, tracing particular 

articulations of the human-animal divide found at the very foundation of Western political life.
10

 

Springing from these philosophical foundations, a growing literature has explored how emerging 

conceptions of, and interactions with, animal others might inform ethical and political 

frameworks as they bear on our relationships with other animals as well as other humans.
10

 In the 

chapters that follow, I take up these claims, exploring in part how biomimicry’s uptake of animal 

life in technological development has the potential to transform our ethical relations to animal 

others. Kelly Oliver’s Animal Lessons offers a nice synthesis of the literature on this as well as a 

history of ways in which Western philosophy has employed animals to “fortify and sustain man” 

(Oliver 2009: 2). Susan McHugh’s Animal Stories similarly attends to the ways in which 

narratives about animal life have emerged with and enabled moments of political and social 

change (McHugh 2011). Finally, and as I detail in chapter three, Nicole Shukin’s Animal Capital 

explores the circulation of animal stories and animal parts in both early and late capitalism.   
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and re-embodying it as technology. I will return to these arguments in the chapters that 

follow. In this introduction, I begin by attending to stories about biomimicry’s 

emergence, as well as evaluate the potential purchase of various critical approaches to the 

field. The following section offers a brief history of the field, told by its practitioners and 

advocates, using Golas’s gecko-inspired robot as a guide.
11

 The final three sections of 

this introduction explore alternative approaches to the field and ways of accounting for its 

significance, address the methods I employed to conduct the research, and provide a 

guide to the chapters that follow. 

 

1.2 Redesigning Invention: A Brief History of the Biomimetic Field 

Biophysicist Otto Schmitt first coined the term “biomimicry” in 1969, and is often 

credited as the ‘founder’ of the field.
12

 Even then he noted that the concept was not new. 

“All humanly created mathematical models” Schmitt wrote, “may properly be considered 

Biomimetic: in imitation of life, as they are created by biological creatures who have only 

biological figures of thought at their disposal.”  The problem, Schmitt argued at the time, 

was that “this plagiarism is usually not deliberate,” to which he added that it might be 

“interesting and perhaps rewarding to examine some simple information transform 

models deliberately developed biomimetically to learn whether such models offer easier 

or better human insight, better machine processing, or better information transmission, 

storage, and retrieval” (Schmitt 1969: 80). 

                                                
11

 This selection is not arbitrary: the charismatic gecko and the technologies that it has inspired 

have served as the poster symbiots of biomimetic research for over a decade.  
12

 Attributing “biomimicry” to Schmitt may, in fact, be inaccurate. Outside of the US, the 

principles of biomimicry had been taken up earlier and applied under the term “bionics.”  
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But while the term in question may be attributable to Schmitt, the concept of 

employing engineering principles as both a reason for and a means of advancing 

biological science arguably emerged much earlier in the work of early twentieth century 

biologist Jacques Loeb. In a 1915 essay entitled “Mechanistic Science and Metaphysical 

Romance,” Loeb called exclusively for a renewed and transformed analysis of nonhuman 

life, “to visualize completely and correctly the phenomena of nature” (Loeb 1915: 768). 

Since its inauguration as a discipline in the nineteenth century, basic biological science 

had been rooted in the desire to understand “life”: to uncover how living things work “in 

themselves” and as they interact with their environment. Loeb claimed that a more 

complete and correct visualization of nature, however, would go beyond describing 

organisms and their environment, seeking to understand the mechanisms underlying life’s 

functions. By paring down life to its physical and chemical attributes, Loeb essentially 

understood biological life itself as a form of engineering and biology a science for the 

“production of the new, not the analysis of the existent” (Pauly 1987: 8). 

This engineering approach to the study of animal life situates Loeb’s work—and 

perhaps that of contemporary biomimeticists who turn to it for inspiration—solidly 

within the Cartesian tradition. Building machinic proxies of life certainly seems to follow 

directly from conceiving of animal bodies as machines. But while this may be true of 

Loeb, neither his writings nor Philip Pauly’s biography of him suggest that he was an 

intentional bearer of the Cartesian legacy. Instead, Loeb was attuned to the ways in which 

technology was radically transforming the subjects and practices of biological research. 

Indeed, Pauly suggests that an increasingly apparent porosity between biological and 
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technological forms gave rise to Loeb’s vision of biology as a branch of engineering. As 

Pauly describes it, for Loeb it seemed only “natural” that:  

As biologists’ power over organisms increased, their experience with them as 

‘natural’ objects declined. And as the extent of possible manipulation and 

construction expanded, the original organization and normal processes of 

organisms no longer seemed scientifically privileged; nature was merely one state 

among an indefinite number of possibilities” (Pauly 1987: 199).  

By the end of his life Loeb’s engineering approach to biology waned in popularity as 

evolutionary and medical biologies gained importance (Pauly 1987). It is only with the 

recent conjunction of biology and engineering in the context of biomimicry (as well as 

biotechnology) that Loeb’s perspective and his writings have again become widely read. 

Similarly, Schmitt’s vision of biomimicry gained some attention in the 1970s, but the 

term only began appearing in grant proposals, defense department solicitations, the 

names of university laboratories, and the mainstream media in the 1990s.  

All of this provokes the question, why? What changed to enable these 

perspectives to finally take hold in the 1990s? Following popular accounts offered by 

scientists and journalists reporting on their work, we might attribute biomimicry’s rise to 

the convergence of three interrelated factors. The first looks to technological advances 

that have allowed humans to visualize and manipulate life at progressively smaller scales. 

A second explanation offered primarily by biologists emphasizes the usefulness of 

engineering for the advance of biological knowledge production in ways that better 

enable scientist to “verify that our hypotheses and theories about what’s going on in the 
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animal are in fact valid” (Rogerro interview 2008). And, finally, a third relates a growing 

convergence of the language of biology and technology that began with Loeb’s work, 

suggesting that how we speak of life has been central to biomimicry’s rise. Here, I detail 

how these elements have, in part, generated the emergence of the field. But in the 

sections and chapters that follow, I problematize these accounts by suggesting that socio-

economic factors have been as important to biomimicry as these technological and 

scientific ones.  

First, the resurgence of Jacque Loeb’s perspective on biology and the emergence 

of biomimicry as a field owe much to the new technologies that have enabled better 

access to and approximation of biological life. In his The Gecko’s Foot, Peter Forbes 

attributes the ability to adopt the functions and behaviors of life to technologies and 

techniques that enable us to see the world on a different visual register. Referring to the 

scale at which the “organizing principles” of life operate as the “terra incognita” of life 

and “the last frontier” of human exploration, Forbes suggests that a combination of X-

ray, photomicrography, electron and atomic microscopes, and new experiments in 

chemistry and physics have made biomimicry a possibility. As this “scale of life” no 

longer “eludes our senses,” he suggests, biology can become a resource, not one to be 

extracted, but one to be studied, its creative processes followed and mapped for future 

human development (Forbes 2006). Early pioneer of bio-inspired design Steven Vogel 

broadens this interrelationship between scale and technology. In his work, Cats’ Paws 

and Catapults, he attests to the ways in which technology has enabled us not only to see 

but also to manipulate nonhuman forms of life at smaller scales. According to him, these 
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technologies therefore “take on more of the characteristics” of nature, through “increased 

miniaturization” as well as the construction of “more flexible materials and structures” 

and “greater use of nonmetallic materials” (Vogel 1997: 275). For Vogel, these 

technologies allow us to “sink” to the level of nature, making it “an increasingly useful 

teacher” (ibid.).  

The growth of biomimicry can also be understood through its benefit to the 

biological sciences as a powerful tool for research. This is because biomimicry has 

allowed biological inquiry to take place outside of the body of the animal, in the realm of 

modeling. This helps to advance biological knowledge production in two ways. First, it 

allows biologists to overcome one of their biggest challenges of their research: the 

difficulty of working with live specimens that do not always perform in ways conducive 

to the efficient conduct of laboratory experiments. Golas and other engineers working 

with biologists to develop biomimetic technologies often expressed a mild horror at the 

amount of time necessary to conduct experiments as a result of animal subjects’ seeming 

reluctance to participate in the practice of science:  

 

I had for a while a student who was doing experiments on cockroaches. And he 

would spend all morning carefully putting little wires into the cockroach and by 

afternoon he's finally ready to put it on it's little cockroach treadmill and take 

some data and the cockroach is tired, it doesn't feel like running that afternoon. So 

it's common that only about 3% of your animal data is really usable. And the 

robots do better than that. So as we get ideas about like 'well how important is this 
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directional adhesion idea?' it's certainly a lot easier to test it out on a robot than it 

is on a gecko (Golas interview 2010). 

 

Replacing animal life with robotic life eliminates the need to experiment 

repeatedly on animal bodies themselves and allow different parameters to be tested with 

great flexibility and speed. Moreover, as Tony Roth pointed out to me, manipulating 

actual organisms in order to test out different theories of how an animal system operates 

often risks considerable cruelty. At other times, it is flat out impossible: "So, you know, if 

stiffness of the leg matters, we just put in [to a robot] a different stiffness of the leg. I 

can't do that with [your leg] easily" (Roth Interview 2010). It would seem that ‘life itself’ 

resists the efforts of experimental biologists to develop an understanding of it. 

Mathematical models and computer simulations took biological research out of animal 

bodies decades ago, but they were too abstracted from real world material environments 

and the physiological constraints of “life” for most biologists to consider them 

trustworthy. Biomimetic robots and materials, on the other hand, allow scientists to test 

out different ideas in practice as "[robots] meet the real environment" (Roth interview 

2010). For biologists then biomimicry serves by providing bodies that can be easily 

manipulated, tested and understood in relation to their environment—that is, in relation to 

the other things that serve to constitute life. Rebuilding the “features of an organism” 

(ibid.) in a machine allows for the kind of environmentally embedded manipulation 

necessary for generating valid (and workable) knowledge of biological bodies.  
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 Finally—and perhaps more fundamentally—the practice of biomimicry did not 

begin with technologies or bodies, but with the assumption that a ‘common language’ can 

be found between ‘life’ and ‘machine’. For nature to “teach” engineers effectively, 

biological elements have had to undergo a process of translation, their functions put into 

the language of machines and technological devices. Many of my research participants 

(including biologists and engineers) stressed that creating a common language between 

life and technological invention has been the most difficult and most fundamental 

component of the biomimetic process. This is an ongoing process that has already 

achieved considerable advance. Mechanoreceptive corpuscles, for example, can now be 

referred to as “high class filters,” muscles and motors can now both be understood as 

“actuators,” and gecko feet have become “adhesives.” Many of my informants attribute 

the success of these linguistic transformations to how well biological processes fit within 

the language of engineering. That is, this ‘common language’ is not metaphorical but 

functional: mechanoreceptive corpuscles (a type of neuron that responds to mechanical 

stimulus) are not simply analogous to a high-class filter; they perform the same function 

that a high-class filter performs, using the same principles of sensing, reaction, and 

feedback. And, as biology becomes understood and articulated in these terms, its value 

begins to reside not in what a thing—such as a neuron or a gecko—is, but rather what it 

does—its capacity to act. This last point is important: perhaps more than anything else, 

we can accredit biomimicry’s rise to an ongoing transformation in conceptions of 

biological life and nature more generally. Rather than a ‘resource’ or ‘stock,’ biomimicry 
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envisions life as ‘potentiality’: not as an inventory of ‘things’ but as reservoirs of 

possibility.  

This potential – how it is figured, what is done with it, and the social and political 

transformations that feed into and feed off of it – is the primary focus of this dissertation. 

In framing the issue this way, I move away from biomimicry’s own account of itself in 

order to consider its larger epistemological, ontological and political implications.  

But what are we to make of biomimicry as it remakes biological life as 

‘potentiality’? In exploring this question and the field of biomimicry more broadly, 

immediate difficulties arise: How does one chart the rise of a scientific field and its 

attendant potentials for transforming life and politics? The making of gecko-mimetic 

technologies featured in the preface and this introduction took us into engineering 

laboratories and experimental biology journals, to battles in Mosul and Baghdad, and to 

late nineteenth century physics research conducted in the Netherlands. When a 

technological apparatus is the concrescence of such a diverse array of events, locations, 

and times, where does one begin a broader inquiry? From within a discipline that has 

traditionally arranged subfields of research around sites and scales (or places and spaces), 

how do we locate technological development that is so obviously composed of multiple 

geographies and temporalities?  
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1.3 (Re)Defining Life? Critical Approaches to an Altered Bios
13

 

Perhaps the most intuitively compelling approach, but one that is also deeply 

problematic, would be to read biomimicry as a further extension of humanity’s 

‘domination’ of nature. Through this lens, translating biological life into the language of 

machinic apparatuses and industrial technologies we erase all vestiges of a “pure,” 

“originary,” or “first” nature. This is by now a common refrain, often understood in terms 

of capital’s relentless search for resources. In the words of geographer Neil Smith “no 

God-given stone is left unturned, no original relation with nature unaltered, no living 

thing unaffected” (Smith 1984: xiv). As Smith goes on to describe, we live in a world 

produced entirely of what Georg W. F. Hegel’s called “second” nature, in which the 

material objects that we encounter are all products of social conditioning.  

Hegel’s concept of ‘second nature’ has produced no end of anxiety. Many of the 

writings of the Frankfurt school theorists were emblematic of this anxiety. In their 

Dialectic of the Enlightenment, Horkheimer and Adorno wrote of a nature “in-itself,” the 

elements of which have become so transformed that humans know them only to the 

                                                
13

 A difficulty arises in our interrogation of the category “life.” The term harbors a catalogue of 

often contradictory and vertiginous meanings, many of which are beautifully explored in Eugene 

Thacker’s After Life of “life” that have emerged and persisted throughout the history of Western 

philosophy (2010).   Accordingly, demarcating a distinct shift in our social conceptions of the 

term would prove difficult. My task then is neither to suggest that a “life” perceived through the 

lens of biomimicry is totalizing nor that it represents a definitive break with our prior conceptions 

of biology or life (although, as we will see in chapter three, biomimicry has been imbued with a 

distinct “revolutionary” potential, suggesting that its rearticulations of life will, in fact, overturn 

previous frames). Earlier narratives of “life,” “nature,” and “the human” all seem to persist in 

spite of arguments that these categories either “have never been” or that a contemporary moment 

of biotechnological and genetic modification no longer has room for them. For this reason, I try to 

refrain from making claims about the state of “life itself,” a phrase often found circulating in the 

literature on changes to our manipulation of biological life (see, for example Rose). 
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extent that we “can manipulate them” and “[men] of science” know them only “in so far 

as [they] can make them” (Horkheimer and Adorno 1989: 7). The Enlightenment, they 

wrote, meant to liberate societies by replacing mythologies with scientific knowledge. Its 

promoters dreamed that by advancing reason over fancy, they would achieve the 

“extirpation of animism” and an end to primitive ways of knowing the world through 

mimesis (ibid.: 5).  

The result was not the expulsion of myth but its remaking, as “mathematical 

procedure” became the “ritual of thinking” and instrumental reason was elevated to the 

status of gods: unquestionable and beyond critique (ibid.: 25). Horkheimer and Adorno 

reasoned that subjective representations of life were “exchanged for the fungible--

universal interchangeability” of capitalist exchange value (ibid.: 10). In their account this 

transformation reduced all things to a collection of interchangeable objects, limiting our 

ability to appreciate them in terms independent from their measurement as exchange 

value. Far from the promised liberation, Horkheimer and Adorno wrote that the historical 

transformations born in the Enlightenment marked a reduction of life to “a substratum of 

domination” (ibid.).  

We find a similar critical approach in Paul Virilio’s hyperbolic assessments of 

contemporary culture. Virilio warns of the danger of modern science becoming 

“technoscience”:  a form of knowledge in service of innovation and production; a science 

not “for itself,” but one enslaved within apparatuses of power, born of a “fatal confusion 

between the operational instrument and exploratory research” (Virilio 2005: 1, emphasis 

in original). Unlike Horkheimer and Adorno, who identified the preconditions of 
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technoscience as capitalism or the Enlightenment, Virilio focused on war. This logistic 

vision rendered environments battlefields and life “metabolic bodies,” valued each not for 

what they were, but for what they could produce. This transformation of life constituted, 

for Virilio, a form of “endocolonization”; as inside and outside were inverted and specific 

biological capacities take precedence over life forms taken as an essence or whole. 

Technoscience, he wrote, constitutes a “world without intimacy [through] which we are 

seeing a world which has become alien and obscene, entirely given over to information 

technologies and the over-exposure of detail” (2005: 57).  

Both of these accounts identify powerful ideologies that structure the life sciences 

to approach nature in an instrumental fashion, denying and destroying its singularity. 

Biomimicry can certainly be read in this way: it is a framework that has redefined life to 

create technologies for the battlefield and to spark innovative commodities for capitalist 

exchange. From this perspective, Stickybot represents yet another example of how we 

have become “dictator” to things, limiting the value of gecko life to its capacity to 

enhance human performance on the battlefield or to create innovative industrial materials. 

Biomimicry would then be understood as a new means through which we reduce animal 

life and labor (yet again) to instrumental measure. Biomimicry’s practices create a set of 

conditions through which geckos—and all forms of life— are valued for their capacity to 

work for national security interests and corporate capitalism. Moreover, biomimicry 

recreates life in such a way as to render its functions “fungible,” attributable not to the 

singular life from which they emerge, but transposed and located in a catalogue of 

biological capacities that can be combined and recombined at will.  
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Despite the appeal (and seeming appropriateness) of such readings, I wish to 

guard against them for two reasons. First, these accounts of life are grounded in an 

anxiety about our capacity to exhaust or otherwise limit the potential of biological life to 

express itself in variant ways. But unlike natural historians or even biologists of the 

twentieth century, biomimeticists do not see their task as defining a complete set of 

attributes belonging to the life worlds of geckos or other animals. The gecko and other 

forms of biological life are rather prized for their potential capacity: while today it is the 

gecko’s ability to stick that we find compelling, tomorrow it may be something else. The 

gecko’s potential to inspire and guide technological innovation is not exhausted by one 

use. Neither do these relations fix once and for all time our understanding of the gecko. In 

short, biomimicry is not about the reduction or exhaustion of biological life, but its 

superabundance. As we will see in chapter two, biomimicry may not simply represent an 

attempt to dominate nature, but an effort to tap into nature’s continuous production of 

novelty. Second, as I detail below, alternative approaches to science and technology have 

stressed the heterogeneity of scientific practices; their materials are much more “forceful” 

than Horkheimer and Adorno’s account of “nature” as a passive recipient of totalizing 

ideologies allow.  

An alternative approach to biomimicry needs to take into account the fields of 

Science and Technology Studies (STS) and Actor Network Theory (ANT). STS literature 

in the late twentieth century was primarily concerned with rewriting science (and its 

objects) as socially and politically constructed, rather than an objective and inevitable 

endeavor. It proceeded by situating scientific practice amid political and ideological 
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frameworks, and by describing the social relations within the laboratory itself (see, for 

example Knorr-Cetina 1999, Latour and Woolgar 1986, Shapin 1988, Haraway 1991). 

These accounts have enabled the questions that I pose in the preceding section. More 

recently, much of the field has proceeded to refine those accounts, suggesting that 

narratives of social constructivism are implicitly humanist and reify narratives of human 

dominance over things that are rendered impotent in the face of our social and cognitive 

constructions. Through the work of Gilles Deleuze and Felix Guattari, Michel Foucault, 

Manuel Delanda, Bruno Latour, Michel Serres, and Isabelle Stengers, the field has 

developed to attend to the ways that scientific practices are made through the 

convergence of heterogeneous objects, ideologies, and social relations taking place in a 

variety of intersecting milieus or, as Deleuze and Guattari refer to them, “assemblages.”  

A growing sub-field within STS explores the ways in which scientific practices 

and technological developments—and consequently social relations—are often 

constituted by things not of our own making. Under the banner of “post-humanism,”
14

 

numerous geographers (as well as sociologists, anthropologists, and political theorists) 

have mapped the power of multi-actant, more-than-human assemblages involved in 

scientific practice and in the constitution of technological, political, and social formations 

(for an overview of this trend see Clark 2011 and Braun and Whatmore 2010; see also 

Whatmore 2004; Bennett 2010; Braun 2007). Going beyond merely human practices, the 

literature draws attention to what Jane Bennett refers to as the “vitality” of things, both 

                                                
14

 “Post-humanism” is a difficult word-choice. While it is often used to describe this literature, the 

term is misleading and has now been so laden with various and contradictory meanings that it has 

lost clarity (see Haraway and Gane 2006 for a broader discussion of the term’s difficulties). 

Nevertheless, I use it here to mean an area of scholarship dedicated to questioning, 

deconstructing, or otherwise undermining anthropocentric accounts of the world.  
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living and non (2010). In the words of Bennett, attending to the materialisms that are 

involved in social practice fosters “greater recognition of the agential powers of natural 

and artifactual things, greater awareness of the dense web of their connections with each 

other and with human bodies, and, finally, a more cautious, intelligent approach to our 

interventions in that ecology” (Bennett 2004: 349). The effort does not seek to merely 

denigrate human agency and social structure, or even add agent/actors to the story of 

events and things. Clark and Bennett’s approach (along with Latour, Serres, and others) 

calls into question our adherence to the very notion of agency as an explanation of an 

event’s unfolding as well as associated distinctions between subjects who act and objects 

that serve as recipients of that action. These assemblages should not therefore be seen as 

a collection of already complete elements that come into relation with one another. 

According to Bennett, among others, the emphasis should be on how these networks of 

things and events are co-constitutive: assemblages give life to their elements as much as 

those elements give rise to an assemblage. Approaching biomimicry through this lens, I 

draw attention to its development as what sociologist Andrew Pickering refers to as a 

“mangle of practice” (1995).  

My methodology draws heavily from these contributions, as I set out to identify 

the practices that constitute biomimetic research and map the more than human “actor 

networks” engaged in those practices. Beginning “in the middle” of things (Law 2004: 

18), I worked to develop a multi-dimensional approach to biomimetic production, 

attending to the different ideas, elements, things, and animals (human and non) that 

converge and come apart through it. For four months, I conducted ethnographic research 
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and participant observation in a laboratory at a New England university, where I explored 

how biomimicry (re)organizes humans, animals, and things within the laboratory at the 

level of everyday practice. Semi-structured interviews with faculty and student 

researchers within the lab drew out personal histories and affective relationships that are 

forged in the making of biomimetic science as well as the tensions found between the 

ends of the biomimetic science (ostensibly a product of engineering) and the everyday 

practices and intentions through which its products emerged. I ultimately focused on 

three laboratory projects that are analyzed in the chapters that follow: RoboLobster, 

RoboBees, and research into the neurophysiology of jellyfish for biomimetic purposes. 

Interviews with biomimetic scientists around the country (in New York, California, and 

elsewhere in New England) helped to flesh out the ways in which biomimetic practices 

are seldom unified.  

“On the ground” practices are essential to understanding biomimetic practices, but 

the field, its knowledges and its products are shaped by more than the practitioners and 

“things” within the laboratory. As the gecko example reveals, funding institutions and 

agencies play an important role in how biomimeticists conduct their work and how they 

envision its importance. Because biomimicry takes place both within and outside of the 

laboratory, a multi-scaled analysis was required to analyze the relationship between the 

laboratory and the institutions, agencies, and structures with which its practices are 

involved. An alternative approach, however—one more consistent with the approach to 

intra-laboratory assemblages traced above—may be to map the spaces of biomimicry’s 

emergence using the framework recently developed by Sally Marston, J.P. Jones, and 
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Keith Woodward: that of “flat” ontologies. This conception offers an alternative to the 

nested scaffold of local, regional, national, and global scales as a lens for geographic 

analysis. Its proponents argue against a ‘paint-by-numbers approach’ to geographic 

events that, they suggest, merely gives "color" (through the detail of a case study, for 

example) to the pre-defined shapes of agents and structures at different scales of analysis 

from the global to the “micro.” Like the nonhuman things in traditional accounts of 

scientific and technological practices, Marston, et al. claim that micro-scale practices 

often become little more than expressions or negotiations of larger forces, as “social 

practice takes a lower rung on the hierarchy, while ‘broader forces,’ such as the 

juggernaut of globalization, are assigned a greater degree of social and territorial 

significance" (Marston, et al. 2005: 427). They further argue that just as other-than-

human elements of life often fail “to hew to the grids and groves we humans lay out for 

them,” (Clark 2011: 9) the practices of everyday life seldom play out in accordance with 

such a global or structural script. Inverting the hierarchy and insisting that the “power of 

the micro” resolutely exceeds that of the macro would not solve the conceptual 

conundrum, for it would ultimately leave the scaffolding of scales intact. These authors 

propose employing a “flat ontology” which would analyze assemblages without the need 

to resort to the ontological existence and analytic salience of the binary logic that pits 

place against space, culture against economy, static traditions against dynamic 

developments, empirical case studies against abstract theorizing, and so on. 

Methodologically, bypassing ‘scales’ through ‘flat ontologies’ would allow a relaxation 
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of adherence to such conceptual arrangements of space, opening more room for the 

possibility that researchers or agents of political change might encounter the unexpected.  

Marston et al.’s alternative to scale—their “flat ontology”—is designed to avoid 

these limitations, re-animating inquiry by emphasizing practices, bodies, and intense 

affectations as they unfold, materially and immanently with and in one another. In pairing 

this approach with post-humanist literature, we might understand biomimicry’s “mangle 

of practice” not as an effect of political or economic transformations at a “larger” scale or 

as the material concrescence of any particular ideology of nature (a la Virilio and 

Horkheimer and Adorno), but as an active collection of technologies, things, and forms of 

life—all with semiotic, conceptual, and material elements—that constitute our political 

and social relations. And rather than the product of a stable and progressive history, the 

elements that constitute biomimicry open up to include often unexpected, differential, 

and fluid histories and spatial relations that come together in the “spawning” of “objects, 

beings, and acts.”  

These (ontological) propositions suggest that what matters in the story of 

biomimicry—and what makes a difference to social and material relations—has little to 

do with ‘underlying’ structures, human conceptions, or the geographic and temporal 

proximity of other members of any given assemblage. The events taking place within the 

laboratory or elsewhere that have given rise to its emergence as a field that can be 

understood as the result of complex “topologies,” infoldings of events, times, and spaces 

that do not come together linearly, but rather differentially, just as van der Waals’s thesis 

has come to bear on our understanding of geckos bodies for ways that are important to 
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battlefields of the twenty-first century. The particularities of how biomimicry transforms 

life—both ideologically and in practice—are therefore indispensable for rendering an 

account of its effects, instead of relying on an overarching critique of ‘instrumentality’.  

Flat ontologies and actor network theory offer promise in developing a conceptual 

framework for this research, given their directives to “follow the things.” As Nigel Clark 

(2011) has duly noted, however, these methodologies meets its limits by failing to offer 

the means of attributing weight to the various actants encountered in any network. They 

are ultimately insufficient for articulating the story of biomimetics. The consideration of 

geckos and a collection of other biomimetic projects pointed my research decidedly 

towards the identification of predominant tendencies that tied biomimicry’s products and 

practices tightly to both national defense interests and commercial capitalism. Therefore, 

I have brought an attention to the “networks” and “assemblages” that constitute 

biomimetic practice together with a rather underdeveloped proposition in the work of 

philosopher Jason Read. In his Micro-Politics of Capital, Read suggests that we attend to 

“cartographies of value” (Read 2004: 131). Similar to post-humanist accounts of science 

and technology as well as ANT and “flat” ontologies, Read’s “cartographies” do not 

simply categorize events and practices by drawing lines between institutions, structures 

and other forms of life. He argues that such mapping requires marking “out the territories 

[that], with their corresponding cultures and spaces, have become productive for capital” 

(or, I would add, the state, as the case may be).
 15

  Such a mapping, Read suggests, 

                                                
15

 Post-humanist and “flat” accounts of technological production often relegate the question of 

value within capitalist production to the background. Jane Bennett’s work in particular seems to 

willfully avoid considering capitalist production even as a “thing” among others. Indeed, her 

recent book (2010) at times seems to risk denying its very existence, presumably in continuation 



 33 

involves following the ways in which value “travels in and through the various epistemic, 

aesthetic, and affective models that structure social communication.” As a practice 

constitutive of forms of social communication and material effects, we may understand 

biomimicry to be similarly wrapped up in efforts of value production. Accordingly, as I 

mapped out the actants involved in the projects listed above, I paid particular attention to 

their intersection with forms of value, as articulated through particular ideologies, 

political transformations, and economic measures, suggesting that the material 

assemblages within the laboratory cannot be disengaged from these elements. That is, 

while conditions of value may not be endemic to the field itself, they nevertheless 

constitute important elements of the “assemblages” of the biomimetic field and play an 

important role in understanding its significance. These efforts often involved stepping out 

of the laboratory to conduct archival and media research to understand the broader milieu 

within which laboratory work operates.  

 

1.4 Charting the Significance of an Altered Bios 

If biomimicry transforms “life” within the “mangled” assemblages of biological 

knowledge production and technological engineering, how are we to situate the 

ramifications of its reconceived “bios”? Just as mapping the pathways of biomimetic 

research involves exploring multi-variant practices and systems of signification, its 

                                                
of her earlier work in which she avowed “to deny capitalism quite the degree of efficacy and 

totalizing power that its critics (and defenders) sometimes attribute to it, and to exploit the 

positive ethical potential secreted within some of its elements” (Bennett 2001: paragraph 14). 

Similarly, Nigel Clark’s account of things offers dramatic examples of nonhuman events that very 

clearly disrupt capitalist production, but seems quite satisfied in imagining that the power of such 

events and a longer view back at human-earth relations demonstrates the fragility of capital’s 

processes (2011). I am less convinced.   
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effects are variegated and wide reaching. In the chapters that follow, I analyze the 

significance of biomimicry for our social, ethical, and political relations by charting 

spaces of biomimetic production, from animal environments to national funding 

institutions and university laboratories. What emerged are loosely connected 

cartographies of value linking historical and geographical events, future imaginaries, and 

material bodies with scientific inquiry and engineering. Each chapter is framed around a 

form of animal life involved in biomimetic production: lobster, human, bee, and jellyfish. 

As the chapters proceed, I explore the ways in which biomimetic production 

disassembles and reassembles the bodies and conceptions of each, and how they become 

re-valued in the course of production. Chapter two traces the relation between geopolitics 

and biomimicry, revealing biomimicry’s indebtedness to national defense interests from 

its initial stages in the 1980s. Through the example of the RoboLobster, the chapter 

explores how the internal biological capacities of animal life have come to be plumbed 

for solutions to emerging threats and changing geographies of conflict revealing a 

(bio)geography of global politics that is neither territorial nor ‘a-geographical’, as has 

been recently argued, but rather something more akin to Tiziana Terranova’s “topological 

manifold,” that emergent “through the non-linear and chaotic ‘action-at-a-distance’ 

between dispersed and scattered bodies” (or, in the case of biomimetic production, we 

may say “scattered body parts”) (Terranova 2009: 242).  

 Chapter three similarly focuses on the promises of biomimicry as advanced by 

key environmental institutions advocating for its importance. In this case, I explore 

biomimicry’s self-proclaimed potential to radically transform human subjectivity – a 
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potential that is seen to reside in ‘mimesis’ itself – resulting in the transformation of 

human-animal relations and subsequent reconceptualization of power and ethical praxis 

as it relates to environmental concerns. Whether this promise is, or can be, realized 

emerges as a key question in the face of capitalism’s own ability to continuously 

transform itself.  

 The final two chapters complicate any easy celebration or critique of biomimicry 

by exploring the evolution of several projects in the ‘contact zones’ of the laboratory. 

Chapter four presents the translation and transformation process of ambitious narratives 

told about biomimicry within the laboratory context. I focus specifically on attempts to 

build colonies of pollinating RoboBees and the role that contemporary university 

structures play in the development of the field. The fifth chapter on “Jellyfish” focuses 

attention on the conditions of labor in biomimetic science, particularly examining 

material and affective relations forged within the laboratory. My analysis throughout 

these chapters reveals that the impetus behind these projects lies less in a desire to master 

nature or develop an ecologically sustainable future than it does in the need for scientists 

to combat the increasing precariousness associated with conducting biologic research 

within the academy. 

 Taken together, the chapters draw a picture of biomimicry as a practice that has 

the potential to reconstitute how biological life is valued within the laboratory as well as 

within circuits of production and exchange. But while my approach highlights 

biomimicry’s multi-variant practices and “forceful” things that constitute these often 

tenuous connections between systems of value and practices of scientific production, 
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these stories reveal a field heavily circumscribed by the seeming inescapability of state 

power and monetary measure. Indeed, even the most “surprising” events of biomimetic 

production appears to do very little to disturb the ability of capitalism to conform newly 

conceived bodies and technological forms to the same systems of measure that 

Horkheimer and Adorno find so repugnant. And, like their accounts of nature’s 

“domination” by regimes of measure, each of these stories reveals that there is much 

about which to be anxious when it comes to biomimetic productions. Rather than take 

these conclusions as cause to retreat into critiques that would label scientific practices 

heir to logics of domination or subject to a process of homogenization, however, a final 

body of literature, written around recent transformations in practices of value production, 

provides a fruitful component to approaching the significance of biomimicry’s practices 

of disembodying and re-embodying forms of life.  

 

1.5  Valuing Life’s Potentials 

Antonio Negri, Michael Hardt, Paolo Virno, and Cesare Casarino have recently 

developed a body of work that analyzes how capitalist and state circuits of value come to 

“harness” or “capture” biomimicry’s productive capacities. Modifying Michel Foucault’s 

concept of “biopolitics,” these authors map the contours of the contemporary moment in 

which capitalism has subsumed “life” under the rubric of profitability, measure, and 

value. These forms of measure, they argue, do not reduce life’s meaning or potential to 

measures of exchange value or a “substratum of domination.” They maintain, on the 

contrary, that political power and capitalist production does nothing to produce 
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innovative forms according to its logics, but rather “absorbs” and “rearticulates” them 

(Hardt and Negri 2000: 23). What concerns these authors is not the homogenization of 

forms of life, but the ability of power and processes of commodification to find ways to 

value any productive capacity profitable for capitalism.
16

 In chapters three and five, I rely 

on Negri’s work in particular, exploring his concern with the “real subsumption” of labor 

time.
17

 Every moment of life within this epoch of “real subsumption”—the times of 

labor, consumption, reproduction, leisure, performance—has become a time that is 

productive for capitalist accumulation. That is, the distinction between labor-time and all 

other times has been rendered indistinct and the reproduction of human life—including 

our social capacities for communication, collaboration, thought, and subject formation—

have become synonymous with the reproduction of capital. Accordingly, they each 

provide us with accounts of the ways in which labor has transformed in the contemporary 

moment, changing and stretching systems of value accordingly as each moment of human 

life is remade as potentially productive for capitalism.  

Although Negri writes of production as emergent from an “ensemble of bodies in 

the world, i.e. the material field of the production of being” (2003: 159), his attention to 

                                                
16

 This account resonates with and draws on Deleuze and Guattari’s articulation of capitalism as 

an axiomatic force, one without rigid rules, but a seemingly endless capacity to expand and 

contract—without limit. As they write, “the strength of capitalism indeed resides in the fact that 

its axiomatic is never saturated, that it is always capable of adding a new axiom to the previous 

ones (1983: 250).  
17

 As I detail in Chapter three, their account draws on Marx’s analysis of capitalism’s 

development, in which “real subsumption” followed on the heels of “formal subsumption.” In the 

latter, non-capitalist modes of production transition to capitalism primarily through “so-called 

primitive accumulation” or what David Harvey refers to as “accumulation by dispossession” 

(Harvey 2003). This process is ongoing even within regions of advanced capitalism. 

Nevertheless, in many Western countries, autonomist Marxists argue that we have entered an 

epoch of “real subsumption,” in which all moments of life become potentially productive for 

capital’s expansion.  
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changing forms of life and value remains focused on human bodies. I wish to extend his 

argument in showing that animal life also comes to be seen as a reservoir of potential for 

production. Through biomimicry’s re-embodiments of life, animal bodies (as well as 

plants and other nonhuman natures) come to harbor potentials that can be harnessed in 

newly productive ways. In addition to the practices of scientific production that make and 

remake biomimetic technologies, we may then begin to render an account of the 

“subsumption” of animal life.  

The analysis of biomimicry that unfolds in the following pages—what it is or 

what it seeks to become—begs new questions. What are the practices of biomimicry that 

have rendered nonhuman life newly productive? Why has this particular vision of life 

“broken through,” if not to the center, at least into the sphere, of the political scene? How 

does the field resonate with changes in geographies of politics and labor? My analysis 

cobbles together different aspects of the contemporary political and economic milieu, a 

milieu often inconsistent, contradictory, and radically ambivalent. Unlike some of 

biomimicry’s most vocal advocates, I do not see a coming revolution in the rise of 

biomimetic practices.  Nevertheless, it is important to consider how the ways in which we 

make use of nonhuman animal bodies and biologies influence our understanding of 

productivity and our construction of value. This requires an understanding of what makes 

biomimetic productions—what histories, what forms of life, what institutions, etc. But 

beyond identifying the elements that constitute the field of biomimicry, I remain 

interested in its potentials to transform “life” and value. I therefore follow Negri’s 

accounts of labor to explore ways in which life’s potentiality rendered by biomimetic 
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production need not remain ‘use value’ for capital, but might instead emerge in the 

context of value systems yet to be determined. 
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CHAPTER 2.  LOBSTERS 

The historical emergence of each one of the human sciences was occasioned by a 

problem, a requirement, an obstacle of a theoretical or practical order.  

-Foucault 1970: 345. 

 

 

 2.1  On a Peninsula in New England 

 

 In the fall of 2009, I spent four months shadowing researchers in a biomimetic 

laboratory on the New England coast, where a team led by Maurice Evans conducted 

research on the neuroethology of marine life. From their intimate knowledge of 

crustaceans and other sea creatures, they constructed new forms of robotic technology. 

The robots and the scientists who made them were impressive. The setting, on the other 

hand, was less so. I had anticipated ultra-modern facilities stocked with the latest 

equipment. Instead, I found myself spending days in damp and cluttered underground 

laboratories converted from the shell of a WWII bunker.   

 The strategic significance of the site dated back to 1898, when the military 

established control of property at several points on the New England coast to deter a 

potential invasion during the Spanish-American War. Once the original threat subsided, 

the military found new uses for the lands it had acquired. During WWI, the area housed a 

submarine laboratory and battery. Afterwards it was used as an army barracks. The 

bombing of Pearl Harbor and the advent of WWII, reignited the threat of an invasion 

from the Atlantic. Subsequently, the military upgraded its coastal defense infrastructure.  

 The battery in which I found myself in 2009 was constructed in 1942 to house two 

gun turrets capable of sending 2,240-pound projectiles 25.6 miles into the ocean. In 
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addition, the military built an accompanying series of storerooms for ammunition and 

various other materials required for their operation. As technological advances rendered 

coastal defense of this magnitude anachronistic, the military decommissioned the battery 

immediately following the war. The site was reopened for use again in 1952, months after 

the Soviet Union tested its first nuclear warhead, when it was retrofitted to house anti-

aircraft guns that two years later would be replaced with Nike anti-aircraft missile 

launchers. By 1962, those too were decommissioned and the military evacuated the 

peninsula (Butler 1996). Several years later a local private university acquired the land 

and site to establish laboratories for marine science.  

 At the time of my research, former powder and shell storehouses served as 

laboratories for a handful of scientists. The hallways were lined with the university’s 

collection of whalebones and makeshift aquaria filled with lobsters, crayfish, and other 

marine animals. As one website on the history of coastal defense noted, “it is somewhat 

bizarre to tour [a] bunker and find tanks of lobsters, algae, and fish behind the massive 

steel doors of storage rooms for 16-inch powder and shells.” 
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Front door.  A view of the former gun site, with surroundings.  

 

The “robot room” in the bunker.  Whale bones.  

Figure 2.1  The Bunker/Laboratory   
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 The juxtaposition of steel doors, eight feet thick concrete walls, and lobster tanks 

seemed bizarre indeed. Yet, as I came to learn more about the objectives driving the 

creation of robotic lobsters, it seemed a natural setting. As it turned out, these “creatures” 

were also part of an evolving history of coastal defense and military technology: like the 

transformation of the landscape itself, the lobsters and their robotic progeny were 

reflections of an evolving geopolitical milieu.  

 In the previous chapter, I introduced a reading of biomimicry as a set of practices 

that create new arrangement and conceptions of life and discussed its potential in 

transforming our understanding of power and politics. As a first step in understanding 

these forms, I take a closer look at the social and political milieu in which they arose. In 

this chapter and the one that follows, I situate the biomimetic field and the forms of life 

that it renders productive within the broader political and social trends that underline its 

emergence. While the following chapter explores biomimicry’s relationship with 

contemporary capitalism, this chapter explores transformations in U.S. geopolitical 

visions and military strategy in recent decades. 

 

 2.2 Landscapes of Geopolitical Transformation  

Many observers agree that post-Cold War geopolitical changes sparked a 

“respatialization of war” and re-mapping of geostrategy, even if the dimensions and 

ramifications of that respatialization remain heavily contested (Gregory 2010: 155). This 

chapter relates this respatialization to the U.S. Department of Defense’s (DoD) 

“biological turn” during the 1990s and early 2000s. As Melinda Cooper (2008) notes, this 
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turn involved new research into bioterrorism and biosecurity. But as I show, it also 

involved new ways of harnessing life, such as those revealed in the construction of 

Maurice Evan’s biomimetic “RoboLobster.” My research explores this “biological turn” 

at the micro-level of one project, with the objective of mapping the shifting “terrain” of 

military security as it began to operate with and through the bodies of animals.  

 The “respatialization” of war has long been a dominant theme in defense circles, 

international relations and critical geopolitics, all of which maintain that the end of the 

Cold War and subsequent conflicts gave birth to “new” forms, geographies, and 

grammars of war. “Conflicts,” “insurgencies,”  “civil unrest,” ”network wars,” “hybrid 

wars,” “regional wars,” “preemptive wars,” “asymmetric wars,” and so on
 
represented a 

reconfiguration of political violence (Joenniemi 2008, McCuen 2008, Cassidy 2004, 

Lawlor 2000, Hundley 1999, Jablonsky 1994, Mazarr 1994, Bernstein 1992). From a 

relatively stable contest between two superpowers, a “chaotic” global political system 

with "many interdependent actors and variables,” apparently emerged (Mazarr 1994). As 

a review of military documents makes clear, the spatial dimensions of this transformed 

landscape were not entirely unpredictable: global volatility was seen to be concentrated in 

spaces of economic and political instability, often dubbed “rogue third world nations” or, 

later, “rogue states” (Eidson 2000; see also Mazarr 1994, Bernstein 1992, Jablonsky 

1994). Accordingly, although the DoD understood the exact ‘where’ and ‘when’ of social 

unrest to have become diffused, especially during the 1990s, the economic conditions of 

that unrest took on a clearer focus. Given that its putative adversaries would be ill-

equipped militaries incapable of conventional means of waging war, the DoD began to 
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prepare for non-state actors utilizing low-cost weaponry, improvised materials, and 

various techniques capable of damaging existing social and economic infrastructure and 

rendering conventional armies impotent. 

This shifting geopolitical landscape, combined with the emergence of new 

technologies used during the Gulf War, led to what military strategists have referred to as 

the “Revolution in Military Affairs” (RMA) (see, for instance, Ek 2000; Dalby 2009; 

Gregory 2010).
 1
 The RMA was billed as a “revolution” of the "weapons, doctrines, and 

organizations” of the US military; an upgrade in technology and strategy that would 

confront the emerging threats of "new war" (Mazarr 1994).
2
 Given the structural 

unpredictability of future conflicts, the DoD sought to attain a combination of strategic 

flexibility and martial strength that could dominate any battlefield landscape, confront 

any emergent threat, and, ultimately, change any landscape of battle to its advantage.   

It is widely accepted that this changing topography of threat and the attendant 

military restructuring transformed our understanding of geopolitics, with a defense 

apparatus bent on securing “a-geographical mastery” over the globe (Graham 2008:10). 

“Future Combat Systems,” were expected to achieve “Full Spectrum Dominance,” and 

“situational awareness” over all aspects of the field of engagement; land, sea, and air 

(Alvarado 2009; Jablonsky 1994, Krepinevich 2002). Strategic documents and white 

                                                
1
 While this is a predominant narrative, its accuracy has been questioned by a number of sources. 

The RMA in the US drew, in large part, on the Soviet RMA that preceded it. Nevertheless, it was 

toward the end of Desert Storm that military officials began to talk openly about forging an 

RMA. As then Secretary of Defense Dick Cheney noted, “The [Gulf War] demonstrated 

dramatically the new possibilities of what has been called the ‘military-technological-revolution 

in warfare” (quoted in Jablonksy 1994). 
2
 Although military strategists no longer view the RMA with as much promise as they once did 

(see Stephenson 2010), it was born amid considerable fanfare. 
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papers depicted a world in which every place became a potential battlespace, without 

“beginning or end” and without borders (Agre 2001). The RMA rhetoric and post-Cold 

War doctrine provoked visions of a “deterritorialized” geopolitical landscape in which 

power was diffused within and through the social field.
 3 

Within this worldview, 

“traditional objects of conquest, as well as traditional measures of national capability, 

land or raw materials, [became] less important,” and state strategies of territorial 

domination grew “out of sync with” the rapidly globalizing world (Dillon and Reid 2001: 

64).
 
At the end of the twentieth century, a ubiquitous and diffused field of political 

power, unmoored from any geospatial reality appeared ascendant.
4
 Hardt and Negri 

characterized this as Empire, which appeared as “an ou-topia, or really a non-place” of 

sovereign power (2000: 190). Michael Dillon similarly suggested that “everything and 

everywhere [has become] potentially critical” for national defense (Dillon 2003: 541).  

In conjunction with these narratives on the increasing irrelevance of territory in 

the 1990s, it was possible to observe a transition from geopolitical power to biopower in 

the literature on political landscapes (see Dillon 2009). Following Foucault’s writings, 

the developing literature on biopolitics showed the emergence of populations, rather than 

territory, as the primary object of political purpose throughout the twentieth century. 

Once the prohibition or elimination of external threats was no longer the key element of 

national or global securitization, the central concern of national and economic power 

became the optimization and regulation of the quality of life within a population and its 

                                                
3
 See Stuart Elden’s 2005 article on the meaning and uptake of “deterritorialization” in 

international relations and geopolitics.  
4
 Agre, for example wrote that war had become “everywhere and everything…boundless in space 

or time” (Agre 2001) and Paul Virilio referred to these transformations as productive of a 

“geostrategic homogenization of the globe” (Virilio 1986: 135).   
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reproductive capacities. From within this vein, Julian Reid has succinctly suggested that 

war consequently became a “‘condition of possibility’ for the constitution of modern 

power relations” where “species life is variably recruited, set free, manipulated, and put 

to work in developing modern social arrangements” (Reid 2006: 128).
5
  

Less attention has been paid to the ways in which national defense strategy also 

came to enroll biological life as part of its security apparatus – a trend that gained 

particular importance during the military’s shift in strategic focus away from traditional 

state actors to a more “deterritorialized” set of threats.  

This shift from territorial to biological threats can be seen in another dimension of 

the RMA. In addition to the apparent diffusion of threats to national defense during the 

1990s and early 2000s – throughout the globe and across species – another set of 

potential instabilities emerged in the form of accelerated technological development. 

Within post-industrial societies, objects and apparatuses created without the DoD’s 

involvement, or worse yet, without their knowledge meant that the global technological 

environment harbored another element of surprise that the DoD sought to guard against. 

Communication and information technologies, robotics, and biotechnology presented a 

new field of potential threats and a newly conceived battlefield landscape. Rather than 

passively await the apparent inevitability of technological advance or guard against 

particular avenues of development, the DoD took a more active role in technological 

production. The goal became to "seize the opportunities of this new era in warfare, to 

                                                
5
 Reid’s argument reflects Foucault’s discussion of Clausewitz’s thesis. In On War, Clausewitz 

famously averred, “war is a continuation of policy by other means” (2009 [1832]: 24). In the 

Society Must Be Defended lectures, Foucault argued that the inverse had, in fact, been long true 

and that Clausewitz had simply inverted the long-held political presupposition that “politics is the 

continuation of war by other means” (2003: 48).  
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make [them] work for us rather than against us" (Mazarr 1994: 2). Throughout the last 

two decades, this trend in part meant an accelerated integration of nonhuman life as 

fodder for technological innovation and production. Through what has been called a 

“biological turn” in US security, the DoD increasingly worked to make even nonhuman 

life “work for” rather than against them. 

Attending to this integration of animal and plant life within apparatuses of 

national security sheds new light on these changing spatialities of war. What follows is an 

exploration of how this integration of nonhuman potential played out in and through the 

bodies of lobsters. Before doing so, however, we need to further explore the DoD’s 

“biological turn”. 

 

 2.3 Biology and the Battlefield 

Since WWI, the research and development arms of the Army, Navy, and Air 

Force, as well as the National Research Defense Council and its successor, the War 

Department’s Office of Scientific Research and Development (OSRD) made concerted 

efforts to understand and develop the biological sciences.
6
 With the exception of some 

metabolic research conducted on animal proxies, however, efforts throughout the 

twentieth century focused primarily on either enhancing the capacities of soldiers, or 

                                                
6
 An early and ongoing “biomimetic” research project that spanned decades and nearly all of the 

branches of the military was the DoD’s effort to develop a blood substitute. For most of those 

decades, the project was sustained in a state of constant failure. In July of 2010, however, Wired 

Magazine reported that DARPA-funded bioengineering company Arteriocyte finally sent a 

shipment of lab-created O- to the FDA for approval. As of February 2011, DARPA’s synthetic 

blood—generated from umbilical chord stem cells—was still pending approval. 
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incapacitating enemies.
7
 

This focus on human biology changed beginning with the restructuring of the 

military’s research and development programs. OSRD was disbanded after WWII, and 

the War Department (precursor to the Department of Defense) relegated research and 

development to the various other branches of the military. Research continued to be 

guided by questions directly pertaining to the events and “frictions” of war. From within 

this structure, the military only funded technological development meant to solve 

problems on the battlefield directly, in the near term. The Soviet launching of Sputnik in 

1957, however, prompted Congress to constitute a new branch for state science. The 

Advanced Research Projects Agency—later to become the Defense Advanced Research 

Projects Agency (DARPA)—was created in order “to maintain the technological 

superiority of the U.S. military and prevent technological surprise from harming our 

national security by sponsoring revolutionary, high-payoff research that bridges the gap 

between fundamental discoveries and their military use."
8
 DARPA continues this mission 

to date, promoting high-risk, "far side" research, the application of which is not expected 

to be immediate or directly relevant to present national security needs. It is rather meant 

                                                
7
 If experiments failed to enhance the capacities of U.S. soldiers, researchers were often 

encouraged to see if the results could be used to incapacitate enemies. Experiments on soldiers’ 

responses to LSD and BZ in the 1960s and 1970s, for example, were designed in the hopes of 

developing “super” soldiers. When this failed, Army researchers and the CIA turned their 

attention to the possibility that these chemicals could be weaponized either on a large scale 

(incapacitating armies or populations) or as means to facilitate interrogation. 
8
 DARPA’s relationship to the branches of the military and, subsequently, to the RMA is 

somewhat vague, its mandate disconnected from the current military missions. DARPA’s original 

name was simply Advanced Research Projects Agency (ARPA), but it was renamed to "DARPA" 

(for Defense) in March 1972.  For a brief time period in the 1990s, the Clinton Administration 

removed the “Defense” from the agency’s heading in a move that promised to funnel more 

funding into basic research and development. After three years, however, the agency regained its 

mandate to provide R&D for national defense purposes. 
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to feed into technological advances for application in the future.
9
 As one of its taglines 

proclaims, DARPA means to “accelerate the future into being.”  

Up until the early 1990s, DARPA followed its predecessors and relegated its 

investment in biology primarily to telemedicine, combat casualty care, and biodefense. In 

the mid-90s, however, they reimagined what biology could do and began scouting for 

talent who could “expand the strategy for high risk investments in typical DARPA form” 

and apply it “across a breadth of life science applications” (Brendt interview 2009). Thus, 

at the same time the DoD was ramping up the RMA, DARPA hired biologist Rylan 

Brendt as a program manager for DARPA’s Defense Sciences Office (DSO).  

As another research informant would tell me, when it comes to the field of 

biomimicry “all roads lead back to Brendt.” Brendt had been long engaged with proto-

biomimetic sciences throughout graduate study. In his post-doctoral work at the Naval 

Research Laboratories, he worked, among other things, on developing synthetic blood 

products. DARPA approached him in 1997 to develop the biological angle of defense 

research and development. Once there, he organized a 5-year $60 million program called 

"Controlled Biological Systems." In an interview in 2000, Brendt explained that the goal 

of the program was not to “control” biology, but rather to capture "materials, structures 

and mechanical performance [that] could lead to new defense capabilities” (Brendt, 

quoted in Akerman 2000). Under Brendt’s leadership, DARPA's Controlled Biological 

                                                
9
 DARPA does not operate any of their own laboratories, preferring instead to fund, organize, and 

supervise the programs that they initiate. This design is meant to spark innovation; there is little 

long-term imperative to bear the intended fruit so DARPA’s projects are often seen as high-risk. 

The agency encourages an "entrepreneurial atmosphere" in which programs and their associated 

projects emerge, change, and are often abandoned over time. Like the Internet and, more recently, 

their “Blood-Pharming” program, many of their high-risk investments are paying off.   
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System program opened a space in which biology would be increasingly seen as a means 

toward technological development and enhanced military capacity, not all of which were 

as innocuous-sounding as gecko glue and robotic lobsters.
10

  

The program featured three distinct “thrusts,” that went well beyond biomimicry 

and reveal the breadth of the DoD’s broader interest in biological science (see a 

visualization of the intersecting components in Figure 2.2). “Biological Systems” 

employed “real” biological agents—animal, plant, bacteria—as sentinels, transport and 

delivery devices (of non-lethal weapons or other materials, lethal or otherwise). “Hybrid 

Biosystems” designed insect cyborgs for surveillance and the biomimetic thrust worked 

to develop machines and materials to harness animal capacities to do one of two things: 

(1) perform actions of which humans were incapable, and (2) move throughout 

environments hostile to human life. Mimicking biological life was one cornerstone of the 

program. A piece for Esquire magazine in 2003 reported that Brendt’s decision to fund 

biological research was motivated by a desire to help soldiers on the battlefield perform 

their duties better. If their primary goal was to “sense changes in their environment” in 

order to “adapt and survive,” Brendt determined that the best model might be a cockroach 

because “all they do is adapt and survive” (Junod 2003). According to their narrative, 

Brendt “wanted to develop technologies that would move based on how cockroaches 

move, that would fly based on how bumblebees fly, that would climb walls based on how 

geckos climb walls” (ibid.). As it turned out, however, no one actually knew how these 

creatures did what they do. “So [Brendt] seeded the field,” (ibid.) and funded scientists in 

                                                
10

 CBS also dabbled in “biodefense,” a convenient euphemism for bioweapons. 
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industry and the academy who could develop these avenues of research further. He 

therefore initiated a more biologically-driven technological arsenal was integral to the 

emergence of an increasingly coherent field of biomimetic research that spanned biology, 

material science, engineering, and a host of other disciplines.  

 

 

Figure 2.2  The techno-biological assemblage of the Controlled Biological Systems 

program.  From Rudolph, A.  Controlled Biological and Biomimetic Systems 

http://www.sysplan.com/cbs 
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The DSO’s renewed emphasis on biology marked something of a paradigm shift 

within the broader DoD as it extended to all DARPA program offices and, eventually, to 

all branches of the military. The Microsystems Technology Office (MTO), Strategic 

Technology Office (STO), and the Information Innovation Office (I2O)—all offices 

under DARPA—also began funding biological research in the late 1990s. And the US Air 

Force, Navy, and Army’s attention to biological life also intensified in the past two 

decades. Indeed, most of the predominant biological and biomimetic projects that 

emerged in the late 1990s and early 2000s were secured at least in part through DoD 

funding. Such projects included the cyborg moths and beetles of DARPA’s Hybrid Insect 

Micro-Electro-Mechanical Systems (HI-MEMS) project,
11

 robotic flies, humming birds, 

snakes, and dragonflies, and the use of actual organisms (bees, cockroaches) for target 

location. This abbreviated list involved the mobilization of hundreds of scientists at 

public and private institutions in the US. The Army’s Institute for Collaborative 

Biotechnology alone partially funds the work of over 150 researchers at four institutions 

(ICB 2005). The convergence of these projects sparked what, by 2004, was being called a 

“Bio-Revolution” in the U.S. military. The title of a 2003 DARPA conference summed 

up the nature of these projects appropriately: “Harvesting Biology for Defense 

Technologies.” 

                                                
11

 HI-MEMS is one of DARPA’s more chilling developments. The project literally hijacks insect 

bodies in order to use them for surveillance via a “microphone or gas sensor” implanted in its 

body (Shachtman 2008 http://www.wired.com/dangerroom/2008/03/for-years-now-p/). This idea 

is to control the movement of the insects through “direct electrical muscle excitation, electrical 

stimulation of neurons, projection of ultrasonic pulses simulating bats, [or] projection of 

pheromones” (ibid.).  While this is cutting edge research, it may not be as revolutionary as it 

appears, given that in the 1960s the CIA’s MKULTRA program developed remote-controlled 

cyborg cats for the same purpose (Marks 1991). 
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Of course, this is not an entirely new tactic. Strictly speaking, the phrase 

“harvesting biology for defense technologies” describes just as adequately the practice of 

Hatra residents in the Parthian Empire of 200 AD, when they launched scorpion-filled 

clay pots at invading Roman armies (Mayor 2008). What is different is that while Hatra 

residents employed the organism itself in war, DARPA sought to harvest specific traits 

that could be employed within the changing geographies of conflict.  By looking at one 

DARPA and Navy-funded project, the making of the RoboLobster and its imagined role 

within battlefield environments, we can perhaps better understand this new articulation of 

biology and military geography.  

 

2.4 Reconfigured Coastlines 

 Stephen Graham has written extensively about the rise of urban warfare and the 

DoD’s efforts to develop technologies that address the kinds of security threats that 

emerge within it (Graham 2009a, 2009b, 2008).
12

 In its battles with Iraqi insurgents, 

Graham writes that the biggest problem for the U.S. was not the bodies and weapons of 

its enemies, but the “intrinsically labyrinthine, chaotic, structureless and deceptive 

[environment] which substantially frustrate[s] the wider US geopolitical strategy” 

(Graham 2008: 27). Rather than the improvised explosive devices or other weaponry of 

the insurgency, the DoD reported that it was primarily the structural environment of the 

city that mattered in so far as it “maximises or mutes an arm’s effectiveness” (DIRC, 

1997, cited in Graham 2008:32). The primarily concern, then, was related to the material 

                                                
12

 See also Weizeman 2007 for the IDF’s transformation in similar regard. 
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environment. 

 While the Army and Air Force prepared for the threat of urban uprisings, the 

Navy and Marines were attending to similarly challenging—and threatening—

environments in the sea. The close of the Cold War brought an end to “open-ocean 

warfighting” and spawned a transition to combat preparations in ’‘near land’ areas of the 

world (Department of Navy 1992: 3). Drawing on experiences from the first Iraq war, the 

Navy and Marine Corps developed strategies meant to ensure “seamlessness as we pass 

from the water domains to those of land” (Bottoms 1996: 1-39) and to prepare maritime 

forces to “seize and defend an adversary’s port, naval base or coastal air base to allow the 

entry of heavy Army or Air Force forces” (ibid.). To develop a naval force capable of the 

rapid maneuvering such a strategy would entail, the DoD enacted a wide-scale 

transformation in the kinds of technologies and training in which they would invest. 

Ensuring seamless movement “from the sea” to the land required attention to 

potential threats that were thought to emerge in the course of waging these newly situated 

wars. In the late 1990s, considerable attention was given to predicting and countering the 

threats that would emerge along the coastline. Accordingly, the threat of underwater 

mines moved “to the forefront of warfighting doctrine” (Hanlon 1998: 15). The 

manufacture of mines remained steady throughout the second half of the 20
th

 Century, 

but underwater mines are also improvisable, can be cheaply constructed, and are difficult 

to effectively counter (Eidson 2000). The DoD therefore predicted that underwater 

improvised explosive devices (UIEDs) would become weapon of choice for adversaries 

“incapable of conventional force defense” (Eidson 2000: 16). A 1998 white paper 
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detailed the threat:  

More than 48 of the world's navies have mine-laying capabilities and access to 

mine inventories. At least 30 countries are actively engaged in the development 

and manufacture of sophisticated new mines. Of these, 20 are known mine ex- 

porters. An even greater number of nations possess the ability to lay land mines. 

Although most of the world's stockpiled mines are relatively old, they remain 

lethal and easily upgraded. Often described as "poor man's artillery," mines 

present a significant threat on land, the beach and in waters shallower than 300 

feet. This location is where the greatest number of mines [is] most effective and 

where power projection missions require that U.S. forces operate. (Naval Doctrine 

Command 1998: 28)  

UIEDs were used in Desert Storm and a number of defense reports have noted the 

efficacy of even the crudest maritime mines to easily “sink or damage ships, destroy or 

incapacitate vehicles, and kill or maim individuals,” (Bottoms 1996: 1-43; see also 

Middlebrook 1996, Avery 1998, Hanlon 1998, Truver 2008). Throughout the 1990s, as 

the military both imagined and encountered the threat of UIEDs, the devices came to be 

known as "weapons of mass destruction in slow motion" and “force equalizers” in 

asymmetrical warfare (Bottoms 1996: 1-40). It was this “paradigm shift” in military 

doctrine that brought the importance of littoral regions and mine countermeasures into 

focus (Conley 1998: 22). 

In defense doctrine, however, the actual construction and deployment of UIEDs 

quickly became less relevant than the environment in which they were found. Indeed, the 
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DoD considered inoperable or fictional mines as great a threat as actual ones, as the 

psychological threat of “a lurking, unseen weapon” can just as easily disrupt timetables, 

create transit delays for logistic support, and give defenders the opportunity to “‘shape’ 

the battlefield” and “concentrate forces and firepower on the attacking force” (Bottoms 

1996: 1-43). As in the urban landscape, the DoD turned its attention to the capacity of 

coastal waters to “maximise or mute” the military’s effectiveness. Indeed, instead of 

weapons machinery, the littoral environment became central to the navy’s mine counter-

mine measures (MCM).  

In environmental terms, coastal areas of the ocean are notoriously violent. The 

movement of patterned wind-generated waves meets the moving topography of land, 

producing largely unpredictable “small-scale turbulence, larger-scale coherent vortical 

motions, low-frequency waves, and steady flows” (Battjes 1988:257). Marine biologist 

Joseph Ayers succinctly described the littoral as a region where “fundamental problems 

exist [and] surge, wave action, tides and currents can cause severe stability problems” 

(Ayers 2004: 347). The scientific shorthand for such an environment is “hydro-dynamic.” 

The US Department of the Navy and the Marine Corps refer to it as VSW or SZ, for 

“very shallow water” and “surf zone.” There, the dramatic variability of the environment 

“exacerbates the problems and challenges associated with MCM battlespace knowledge. 

The diverse physical operating environment above and below the water's surface and 

over the land provides the foundation of MCM planning, preparation and operations” 

(Naval Doctrine Command 1998: 29).  

Mine-counter measures have been a priority for the US Navy since the Korean 
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War, when underwater mines damaged ten naval vessels. The DoD has since developed a 

number of innovative means for locating and removing mines. Trained dolphins, sea 

lions, and “swimming” robotic devices comprise the Navy’s mine hunting arsenal and, to 

date, these measures have been effective for both mine reconnaissance and clearance in 

deep water.
13

 However, all of these measures still require navy personnel to execute mine 

detonation. More to the point, they are minimally effective in the challenging 

environment of the littoral. As an article on “surf zone technology” in the Navy’s 

publication Surface Warfare explains:  “The wave action, currents and rapid change in 

the surf zone make it a difficult operating environment. The turbidity, bubble content and 

acoustic noise in the water combine to make a very difficult sensing environment. Many 

of the techniques for reconnaissance and clearance in deeper water or on land do not 

work effectively in the surf zone” (Crute 1998: 35). As a result, throughout the 1990s and 

onwards the Navy and Marine Corps aggressively sought innovative means of mine 

clearance in the littoral. Of many possible solutions, the military explored the possibility 

of developing an army of "small, inexpensive, expendable robotic units that crawl on the 

ocean bottom, hunting and neutralizing mines" (Middlebrook 1996:10). But that would 

be no small task. Such a “network of small, autonomous, bottom-crawling vehicles” 

faced a number of challenges. They included: “sensing in the surf zone environment, 

navigation and location for small vehicles, communication from vehicles to the network 

hub, and vehicle stability and mobility” (Crute 1998: 35). Among a number of 

possibilities, ranging from mundane to far-fetched, lobsters—as well as crabs and 

                                                
13

 The Navy transported several dolphins to the Persian Gulf during the Iraq War to clear the 

harbor of Umm Qasr. This was the first war-time mission executed by the Navy’s Marine 

Mammal Program. 
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clams—attracted considerable attention.
14

 

 

2.5  Lobster Life in the Surf Zone   

  Biologists group lobsters and crabs together, along with shrimp, as part of the 

Order Decapod of the Class Malacostraca of the Phylum Arthropod. These creatures have 

been successfully navigating the ocean bottom for four million years. They are benthic: 

bottom dwellers. At a depth of 100 or 200 feet beneath the surface of the sea, career 

lobstermen/women and hobbyists catch lobster in primitive traps and transport them, live, 

to markets and restaurants. It is there, in the restaurant aquaria that animal rights activists 

refer as “lobster death row,” that we most often encounter lobsters. For those of us who 

think a little less of the lobster than these activists do,
15

 we will at times size them up, 

select them for our table, and devour their prized tail meat with relish. This is the life 

cycle of lobsters that we most often consider. But these creatures perform other 

movements and embody other geographies that we seldom care to imagine. 

For a moment, think of the underwater lives of lobsters that never reach the 

surface, the market, or the dinner table. Beneath the sea, lobsters feed on fish, mollusks 

                                                
14

 Notably, during the late 1990s DARPA invested in the possibility of networked, 

technologically enhanced fish. Like the hybrid insects that DARPA did go on to produce (moths 

embedded with micro-electro-mechanical systems for surveillance), these fish would be 

embedded with electronic systems to control their movements and record sensory data. Either the 

program failed or it has since become confidential. While these projects seem far-fetched, in the 

1960s the CIA succeeded in embedding cats with electronic control systems as part of the 

MKULTRA project.  
15

I employ this common characterization knowing full well that it is somewhat unjust. In David 

Foster Wallace’s essay “Consider the Lobster,” he tarries with the long-held belief that boiling 

lobsters live is an act of “unnecessary torture” (Gunter 1961: 327). Many marine biologists who 

spend an inordinate amount of time considering the lobster in a variety of settings nevertheless 

contend that lobsters do not have the same chemical receptors for pain that humans do. While this 

does not prove that lobsters do not suffer, it does suggest that anthropomorphizing their (often 

violent) responses when placed inside a pot of boiling water is an absurdity.  
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and occasionally each other. To find their prey and to identify potential mates, lobsters 

use a pair of antennae to sense and track chemical differences within a dynamic ambient 

environment. Biologists consider that the first and longer pair relays information about 

the animal's material environment. The smaller pair is considered chemo-receptive, 

serving as the lobster's olfactory organ. Together, these two pair of bilaterally 

symmetrical antennae enables the lobster to map and track the sea floor and the chemical 

composition of moving water with considerable accuracy.  

In the “neighborhoods” that they make their homes, they develop a well-

articulated social hierarchy that in part determines feeding and mating habits (Corson 

2005). But they do not live their lives in one area alone. They often move with the 

seasons, searching for shelter and food in comfortable ambient temperatures, leading 

some species of lobster to migrate every spring from their offshore homes into shallower 

waters by the shore. Among a number of notable features that define lobster life, this 

geographic movement of the lobster from sea to shore seems unremarkable. That is, until 

you begin to imagine the conditions of life in an environment where waves break against 

the land. As noted, this notoriously dangerous environment tends to be perilous for most 

living (and nonliving) things. Lobsters and crabs often burrow into the sand to avoid 

much of this turbulence, but they also move about within it. According to Ayers, their 

body structure allows them to navigate to the volatile environment “with impunity” 

(Ayers 2004: 347). The crustacean’s ability to do so is a rare trait even in the marine 

animal kingdom.  

For nearly two decades humans have coveted the lobster’s ability to navigate the 
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violent environments of the littoral as well as its capacity to follow the trail of chemical 

plumes. Indeed, it was actual lobsters that the Office of Naval Research first wanted to 

enroll in underwater mine counter measures. In the early 1990s, they contacted lobster 

neuroethologist Maurice Evans about their potential use in the detection of underwater 

mines. It seemed far-fetched. Evans “naively” replied that “it would be easier to build a 

lobster robot” (quoted in Taubes 2002: 80). That conversation gave birth to 

RoboLobsters, technological “creatures” that link lobsters to imagined future 

insurgencies, potential geopolitical instability, and general changes to the shape of global 

politics over the past quarter century. 

 

2.6  Harnessing the Neuroethology of Lobsters  

Spectacularly lobster-like and seemingly innocuous, RoboLobster is one of the 

most publicized projects funded by DARPA’s Controlled Biological System.
16

 Its 

significance within the biomimetic field lies not only with its popularity, but also with 

what it is and does: RoboLobster was one of the first biomimetic robots capable of 

performing a particular function using a design that mimicked the model species both 

inside and out: its replicates the body and the nervous system of the lobster. Evans’s work 

on the RoboLobster began with modest grants from the Office of Naval Research (ONR). 

But he completed the build with funding and support from Roland Brendt and DARPA. 

According to Brendt, the ultimate goal of the project was to respond to the question, “can 

you build something and can it stand up to the harsh environment of the littoral zone?” If 
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 RoboLobster has been featured in a number of technology, military, and design magazines as 

well as at the Smithsonian’s exhibit "Design Life Now: National Design Triennial 2006" 



 62 

so, he told me, “you know somewhere out in the future [we can use] such a platform to 

actually deal with mines that are placed in the littoral zone, a problem that only dolphins 

seem to be able to solve” (Brendt 2009 interview). In a feature on “Warbots” on the 

Military Channel, Evans described the Navy’s vision for what RoboLobster could do. By 

navigating the harsh environment of the littoral, the RoboLobster could be directed to 

“march up to the mine, park on the mine, and then be sent a sonar signal to arm itself and 

detonate the mine” (Warbots 2008). That is, RoboLobster could theoretically be mass-

produced at a low cost, which would make it, in sharp contradiction to the life of a soldier 

or dolphin, expendable. 

Scientists attribute much of the lobster’s ease in the surf to its body type. It has a 

long, low shape and wedge-like posture that hold it to sea floor amid intense current. 

Lobsters also position their claws, abdomen, and swimmerets relative to the movement of 

the sea and their eight legs maintain traction with the seabed and provide mechanical 

stability. But Evans insists that focusing only on the shape of the lobster’s body and its 

exhibited behavior are inadequate for understanding its physiological capacities. We 

cannot fully understand the movements of the lobster, he insists, without mapping the 

corresponding internal chemical reactions that guide and produce them.  
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The nervous 

systems of all forms of life 

have long been understood 

in machinic terms. By most 

accounts, the best analogy 

for understanding how 

neurons work is an alkaline 

battery. Neuroscientists 

describe the mechanism 

that triggers action 

potentials in neurons as a 

sodium-potassium (Na
+
K

+
) pump, a system which, when paired down to its most basic 

elements, seems to work with mindless simplicity.
17

  

The functioning of an entire nervous system, however, particularly that of a 
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 A neuron at rest is polarized. With a distribution of potassium (K+), sodium (Na+), chloride 

(Cl-), and protein (A-) ions within and outside of the cell, it maintains a negative charge on the 

inside of the neuron in relation to its immediate environment. The Na
+
K

+ 
pump maintains that 

polarization by actively selectively only certain ions to pass through its membrane. For every 

three sodium ions that the membrane moves out of the cell, it opens channels to allow two 

potassium ions to travel inside, resulting in an sustained imbalance between the number of 

potassium ions inside relative to sodium ions. This continual movement of positive and negative 

ions creates a negative electric charge known as the neuron’s “resting potential.” Stimulation 

causes channels in the membrane to open, allowing Na
+
 atoms outside of the cell to rush in. This 

onslaught of positively charged ions reverses the polarity of the cell momentarily, before 

openings in the membrane return the distribution of ions back to the resting state. This 

momentary disruption causes an action potential to fire—an electric impulse that elicits 

movement in the case of motor neurons and sensation via sensory neurons. 

 

 

Figure 2.3  RoboLobster  
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human, is infinitely more complex. Moreover, obvious ethical restrictions make the study 

of our own nervous systems difficult. Accordingly, the field of neuroscience draws much 

of its knowledge from the neurology of animals, particularly those that, like lobsters, 

have a limited selection of behaviors and movements and an easily accessible neural 

network.
18

 The simple algorithms that control the motion of lobsters offer both a 

generous resource for study and an elegant model for developing architectures for robotic 

control (see Ayers and Crisman 1992: 213).
19

  

Understanding the neuroethology of a lobster is no simple task. Maurice Evans 

has worked to record and map the neuroresponses of lobsters since the late 1960s, 

advancing knowledge about their locomotive systems and how they overcome challenges 

associated with living in a hydrodynamic environment. To that end, he designed 

numerous experiments that explored the relationship between limb movements, body 

position, and neuronal circuits. Within his laboratory bunker on the New England coast, 

Evans planted electrodes in live lobsters to record the firing patterns of motor neurons. 

With time-sequenced film of lobster movements, he matched the electronic activity in the 
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 Squids, horseshoe crabs, locusts, frogs, and lobsters have been key species in the study of 

neurology. 
19

 As scientists understand it, the motor programs and behaviors of animal life rely on central 

pattern generators (CPGs) that reside in the central nervous system (Evans and Crisman 1992). 

Formal models of that system include three major component parts: CPGs, command neurons, 

and a coordinating system. This is known as the CCCPG model of somatic behavior. Command 

neurons control the behavioral decisions of bodies: which way to walk, how fast to move, what 

thing to smell, taste, ingest and how long to perform each of these functions. The coordinating 

system governs the movements between different parts of the body in order to ensure that those 

decisions are executed gracefully. As one leg (or two or four) lift from the ground and advance, 

for example, the system ensures that the other(s) remain rooted to the ground and push. This is 

how an organism coordinates it walking gait and other movements. The CPG generates the 

rhythm of movement, governing periods of stepping. Each moving part (limbs in most cases, but 

also fingers and toes) has its own CPG which generates the overall cadence of walking, running, 

typing, clapping, and so on. Sensory reflexes--both exteroceptive and proprioceptive--can work to 

modulate the intensity or amplitude of movement.  
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neurons to the rhythm of movement in the lobster’s gait. After a series of experiments, he 

was able to define the animal’s degrees of freedom and map the neural pathways that 

corresponded to muscle movements in actual lobsters.  

A model of the lobster’s neural network takes the form of a complex diagram of 

circuits. Looking like a detailed flow chart, the diagram matches neuronal excitations 

with lobster behavior. From this diagram, Evans constructed an “electronic nervous 

system.” In this device, a series of on/off switches stand in for neurons. By turning them 

off or on in a pattern that mimics the lobsters own neural network, they generate a 

“response” (in this case a digital output) that represents the inhibition or excitement of 

muscles in accordance with the observed patterns of lobsters. This electronically modeled 

mock up of the architecture of the lobster’s nervous system sits in Evans’s laboratory, 

comprising a collection of wires and nodes on a platform that connects to a computer 

interface serving as the system’s central pattern generator (CPG). The electronic nervous 

system represents the inside of the RoboLobster, a disembodied CPG that issues 

commands which register the effects of lobster movement on a computer screen.
20

  

As a next step, Evans embedded this electronic nervous system, constituting the 

lobster’s “insides” into a “biomorphic plant” modeled on the external body shape of the 

lobsters living in Evan’s laboratory. This device is built with the same low-splayed 
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 Lobster brains and nervous systems are not the only expression of animal intelligence to have 

been recently validated by its insertion into technological apparatuses. Researchers at the 

University of Queensland in Australia have recently developed a "simultaneous localization and 

mapping system" based on models generated through research on the hippocampus of rats. The 

result is mapping software that can more accurately generate a digital image of traversed areas. 

Like a rat in a maze, the software "remembers" the route it has traveled. Researchers elsewhere 

have modeled robotic controllers on understandings of how human brains govern limbs and 

movement. And yet Evans’s RoboLobster may have been the first to implement such a control 

system within a body analogous to the original. 



 66 

posture of real lobsters and includes a tail and “claws” to provide hydrodynamic stability. 

The “neurological” circuit-based controller moves the “8-legged ambulatory vehicle” 

with an eight by five inch body design that receives the same informational signals as the 

lobster, mimicking the lobster’s capacity for omnidirectional walking.
21

 The model relies 

on a system of four interneurons that mimic this step cycle in a way that is directly 

consonant with the lobster nervous system (Ayers and Witting 2007: 279) (displayed in 

Figure 2.3). The system is capable of conferring the same “stability in the environment 

that [the lobsters] occupy” (Ayers et al. 2000: 2).  

As one would imagine, a person controls the main movements of this robot; it 

receives commands for large-scale behavior, such as walking direction, via a laptop or 

microcontroller that runs a prescribed series of movements. But it is also designed to 

operate semi-autonomously. An exteroceptive suite that includes a compass, pitch and 

roll inclinometers that measure the body’s position in reference to the ground, antennae 

that respond to current, collision, and other mechanical stimuli, and bump sensors 

embedded in the “claws” correspond to behavioral sequences appropriate to the 

environmental conditions that they register. For example, if the antennae sense an 

increase in the rate of water flow, the robot will first lower its body, depress its claws, 

reorient its direction to face the current, pitch the hull forward, and elevate its tail.
22
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 Scientists identify the lobster leg as having three degrees of freedom: elevation and depression, 

retraction and protraction, and flexion and extension used in combination in three phases of 

walking: an early swing, a late swing, and a stance phase. These movements allow the animal to 

execute forward, backward, lateral, and diagonal walking. 
22

 In addition to these biomorphic characteristics, the RoboLobster also boasts myomorphic 

actuators—”muscles”—that expand and contract in response to the electric impulses that are sent 

from its “brain.” The actuators are made of a “Nitinol shape memory alloy” wires, the material 

used in heart stints, which contract when heated and relax when cooled.
22

 The wires are covered 
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Along with bump sensors, this gives the robot the capacity to autonomously make basic 

decisions regarding tactile navigation.
23

 

While impressive, these capacities do not make the robot unique. Even the most 

basic robotic devices (such as the Braitenberg vehicle) are programmed to respond to 

sensory inputs and behave in relation to environmental stimuli. Most robots cannot, 

however, learn to adapt to their surroundings. The main reason for this has to do with 

how traditional artificial organisms are programmed. Conventional machinery operates 

with “artificial intelligence,” working via a pre-programmed suite of behaviors, like those 

of the RoboLobster listed above. The code performs well in the limited and immobile 

environment of a computer or the internet. It performs equally well in certain laboratory 

conditions where the programmer can anticipate the field of activity. A programmer 

cannot, however, anticipate all of the possible permutations of sensory input and required 

responses in a body that moves through the general environment. The very structure of 

programming does not allow the object to know or learn more than what is 

preprogrammed by its programmers. And s/he cannot anticipate every “environmental 

contingency” that the robot will encounter (Ayers and Witting 2007: 288). To 

successfully program the RoboLobster through such a model, it would be necessary for 

the code to understand hydrodynamic flow in the surf zone and would need to anticipate 

                                                
with Teflon tubing and connected with “tendons” of Kevlar thread. The electronic nervous system 

governs the contraction and relaxation of the muscles using a technique directly analogous to that 

of the lobster’s nervous system. Interestingly, Nitinol only works as an artificial muscle in 

underwater robots. The material cools too slowly to be effective as a movement actuator in air.  
23

 The robot is capable of exhibiting nine different behaviors that involve the movement of the 

thorax, walking direct and speed, antennae movement, abdominal pitch, and chelae (claw) pitch. 

These are all based on library of behaviors compiled by tracking the movement of lobsters on 

film. 
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every possible obstacle in the environment. If such a thing were possible, the program 

code required would likely take decades to write.  

In contrast, Evans and other biomimeticists who challenge the artificial 

intelligence model have pushed for “biological intelligence” as a means of moving 

beyond the finite state conditions of programmed computers with a limited number of 

sensory inputs and a limited number of potential responses. This is not an exchange of 

one code for another—DNA for C++, for example—but an entirely different logic of 

control based on neuroethology.
24

 Evans “reverse engineers” biological nervous systems 

in order to create technology that, like life, can adapt to unexpected encounters. This is 

exactly what Evans and others have in mind in their development of “neurotechnology,” 

a “process of engineering devices that confer the performance advantages of animal 

systems on a new class of biomimetic machines” (Ayers and Davis 2002: vii).  

The behavior that, according to Evans, confers a performance advantage to 

animals over robots is stunningly unimpressive and is expressed in nearly all forms of 

life. Animals (including humans) encountering unknown environmental obstacles, 

particularly those that confine our bodies in new ways, often quickly find that practiced 

behavior patterns fail to achieve the desired freedom from constraint. In response to such 

confining conditions our subsequent behavior—expressed by animals and humans 

alike—is often to squirm. According to Evans, squirming is the behavioral expression of 

the chaotic firing of the nervous system. His recordings of isolated lobster neurons show 

                                                
24

 It is important to note the difference here between neurology and neuroethology. The former is 

primarily concerned with exploring neurological systems on the molecular scale. While 

neuroethology is concerned with the same molecules, it is also committed to connecting their 

behavior with that of the larger organism.  
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“clear regimes of chaotic activity” (ibid.). He thus identifies this chaotic firing of 

individual and networked neurons as central to solving the everyday problems faced by 

biological systems as they move through the environment. Even more, patterns of chaos 

expressed in the nervous system are one way in which animals discover new behaviors, 

new combinations of movement, and new ways of employing their bodies in response to 

environmental constraints and opportunities. To construct improved and more adaptive 

versions of his RoboLobster, Evans worked with the University of California Institute for 

Nonlinear Dynamics (now part of the UCSD Biocircuits Institute) to incorporate these 

chaotic patterning circuits into the RoboLobster’s electronic nervous system. According 

to Evens, these patterns of variability give the robot the flexibility to adjust its gait to 

irregularities on the sea floor while still maintaining stability. More so, however, they 

promise to extend the capacities of the robot’s biomorphic form through its interaction 

with the environment. By implementing the ability to exhibit a “chaotic” nervous system 

response, an ambulatory robot can wiggle its way out of a tight spot and learn to place its 

body in wholly novel comportments.  Thus, like all living bodies, RoboLobster promises 

to be more than an expression of its preprogrammed “code.” Twisting Spinoza’s famous 

provocation, bodies do not yet know what they can do. That is, Evans does not know 

what his RoboLobster can do. Neither does it. 

 

 2.7  Coding Life and “Recombinant” Geopolitics 

The production of the RoboLobster and the research that produced it were part of 

DARPA’s long-term strategy for development. The robot is not currently at “work” 
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hunting mines in key littoral regions. Nor has it been mass manufactured for any other 

reason. But its creation was nevertheless a success: it demonstrated that the production of 

adaptive biomimetic robotics is possible and its implications are far reaching. To explain 

how the lobster’s potential—and that perhaps of all animals—moves within the changing 

geopolitical landscape, it may be useful to begin with how RoboLobster transforms our 

conceptions of the lobster itself.   

Suffering from overuse and mischaracterization, the term “simulacrum” has 

become somewhat passé in social theory. But it is a fitting description for the 

RoboLobster, whose relation to the model it copies is so diminished that the original 

model—the active, living organism of the lobster—seems to have been lost. Indeed, it 

cannot be said that it is the biological essence of lobster life that Evans and his team of 

researchers have placed into the robot. RoboLobster is rather the embodied expression of 

a mathematical model: imperfect observations of the biological being rendered into a 

series of equations. Accordingly, these electronic models only approximate the inner 

workings of an actual lobster, as they are based on descriptive maps, flow charts, and 

equations that are seemingly distant from the real thing. But the RoboLobster and other 

biomimetic creations are not signs or symbols meant to represent the lobster. Nor is 

RoboLobster meant to depict the essence of lobster life. Rather, Evans designed the 

RoboLobster to appropriate the lobster’s most basic behavior: its capacity for action, 

movement, and adaptation. This form of mimicry has ramifications for how we think of 

lobster life, as our conception of a lobster recedes and replicating what a lobster is 

becomes less important than replicating what it does.  
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In relation to nonhuman animal life, this transition is perhaps best understood 

through Spinoza’s distinction between two concepts of nature: natura naturata and 

natura naturans. The former identifies natural objects and forms of life by way of the 

language and form that we give them. Brian Massumi refers to this as “natured nature,” 

those things that we identify as objects in the natural world (Massumi 2009). Lobsters in 

their conventional guise are understood in this way. In The Secret Life of Lobsters, Trevor 

Corson wrote of lobsters as they are “natured” by humans, their secret lives waiting to be 

revealed by biologists, lobster fishermen, and precocious undergraduates. This is a lobster 

determined through processes of human inquiry, systems of classification, and story 

telling—all processes external to the lobster itself. These characterize the lobster and fix 

it as passive object, with an essence “in itself” that humans attempt to know and describe.  

 Through biomimetic practices, however, the lobster has been dissected. But it is 

not the lobster body that is pulled apart. It is rather the concept of the lobster itself: what 

it means is now equated with its capacities for movement (within and without). That the 

process of biomimicry sees lobsters not in terms of taxonomical categorization, but in 

terms of how they move calls to mind not only Spinoza’s bodies-in-capacity, but also 

Deleuze and Guattari’s machinic assemblages. Biomimetics leads us decidedly toward 

thinking life and technology through the lens of imminent materialism rather than 

transcendent categories of life and representation. Bodies are identified not as object-

entities, not as “pre-formed bodies” but as “contingent assemblages, bodies-in-formation” 

(Dillon and Reid 2001: 54). By connecting with other things in the world, lobsters and 

other animals create collections of things that continually shift and rearrange in relation 
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to contingencies in the environment. In the same way that Deleuze and Guattari’s horse 

“is not a member of a species but an element or individual in a machinic assemblage: 

draft horse-omnibus-street” (Deleuze and Guattari 1987: 157), a lobster in the sea 

becomes claw-tail-nervous system-surf-sea floor, “defined by a list of active and passive 

affects in the context of the individuated assemblage it is part of” (ibid.). Having 

antennae, tracking prey, snapping claws, walking on a treadmill, producing neural 

excitations that are captured by electrodes and oscilloscopes: these affects transform 

within the assemblage, in relation to it, with affects becoming relevant given particular 

configurations. More than a complex of prefigured forms set into relation, the vocabulary 

of the machinic assemblages engenders a view of material forces as emergent and always 

unfinished within the processes and practices of interrelating. As its capacities are 

repositioned within the frame of technological engineering, lobsters re-connect with the 

social field in new ways, becoming more than either seafood or objects of science.   

These trends appear to be an extension of other well-documented tendencies. 

Particularly relevant is the intersection between biology and the language of digital 

programming. Many credit the rise of biotechnology, for example, with 

reconceptualizations of bodies as machines or as biological expressions of programmed 

code (Kay 1993; Castells 1996; Dillon and Reid 2001; Hansen 2006; Thacker and 

Galloway 2007). RoboLobster seems a likely extension of such trends, as Evans’s 

mathematical representation of lobster neural circuits similarly disconnects the animal’s 

capacity from its body, harnessing not only its form, but the connective circuits capable 

of employing such a form in its evolutionary environment.  
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 This returns us to the earlier discussion of the political implications of life’s 

molecularization and digitization and the supposed “deterritorialization” of war and 

national security. As noted, it is said that this reduction of life to biological and 

technological code as “the constituent element[s] of all matter” alters political formations 

(Dillon and Reid 2001: 56). From the standpoint of human life, biology-cum-code “re-

problematizes security” by “changing what it means to be a political subject and to be 

politically subject” (ibid.: 51). For Dillon and Reid, this means that the management of 

life and of geopolitical threats is now not a question of the bodies and territories that we 

have, but of those that “we may prefer to have.” Accordingly, who and where 

geopolitical allies and enemies are to be found cannot “be treated as givens beforehand 

since the emergence of living assemblages is fluid and contingent upon the strategic 

dynamics of changing modes of codification” (ibid: 57). Thus, “strategizing information 

in respect of the dynamics of biopolitical bodies-in-formation threatens to supersede 

traditional threat analysis based upon supposedly pre-formed geopolitical bodies” (ibid.). 

This is the foundation of so-called geopolitical deterritorialization.  

These transformations induce more than a change in the politicization and 

securitization of threat, however. The remaking of life as code—particularly through 

biomimicry—also seems to render life capable of countering threat in new ways. That is, 

forms of life are capable of being reassembled to create “ability-machines” out of an 

endless re-combination of biological and technological forms. According to these 

propositions, the geopolitical globe seems to have been not only deterritorialized, but also 

disembodied. Dillon and Reid refer to this as a form of “recombinant biopolitics” in 
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which “the power of recombination” serves as the means through which life “exploits 

connectivity to evolve recombinant forms of organisation capable of meeting the 

changing demands” of complex landscapes (ibid.).  

This takes us back to Spinoza and his formulations of nature. In contrast to 

Natura Naturata, Natura Naturans—nature naturing—represents nature in its productive 

aspect. This nature, as Brian Massumi writes “comes in plurals,” harboring and 

expressing its potential to become more (or less) than it has been (Massumi 2010: 164). 

This is biological life understood as a conduit of capacities and “energetic conditions” 

through which events and transformative processes emerge (Massumi 2009: 167). And 

this is where we find Evans’s RoboLobster, a creature that the U.S. DoD has attempted to 

take hold of in its capacity to act “in relation” to the environment in which it emerged. 

Massumi refers to this as “bare activity” or “naturing nature’s own ontopower” to 

describe not only the existing elements of life, but its emergent potentials as well (ibid.: 

170). For Massumi, the DoD’s participation in the recreation of biological life in the 

hopes of countering emergent threat is an exercise of “preemptive power” that delivers 

“the potential for intersystem enhancement effects” (ibid.) Such an exercise of power is 

secured not through force or the imposition of geopolitical stability, but through 

embracing environmental, biological, and political complexities and embodying 

instability.  

In between the mine, those who purchase, construct, and lay it, and the 

environment in which it is found, it is the latter—the violent movement of the shore—

that maximizes the effectiveness of the mine or even the mine threat. Drawing on 
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Massumi, we could view these trends as the constitution of a techno-environmental 

continuum in which the sea, mines, and nameless asymmetrical forces conspire to 

threaten global security. It is within this continuum that the U.S. DoD responded, 

“hijacking,” in Massumi’s terms, not only the life of lobsters, but the products and 

processes of lobster evolution— Natura Naturans—for “battle potential.” 

RoboLobster’s production reflects the DoD’s respatialization of war that took 

place over the past twenty years, not only as it played out in and through seacoasts 

around the globe. This singular example of military research and development tracks the 

DoD’s strategic energies as they moved away from existing and territorial threats and 

toward enhancing military capacity to confront emerging and asymmetric ones. In so 

doing, it reveals the dimensions of military power in a dramatically asymmetric political 

milieu, in which some of the largest threats to US national security are known as products 

of a "poor man's artillery"(Naval Doctrine Command 1998: 28). The response to these 

pressures works through the bodies and brains of lobsters as it interacts with the sea, to 

create TechnoLife as “ability-machines” for the battlefield.   
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Chapter 3. Humans 

 

 

What is generally sought is some quality that runs counter to the ’normal’ order of 

things: a discordant repetition, information of particular intensity which summons 

up other intensities to form new existential configurations…when expressive 

rupture takes place, repetition becomes a process of creative assemblage, forging 

new incorporeal objects, abstract machines, and universes of value.  

-Felix Guattari (1989: 136) 

 

 

 If the field of biomimicry has emerged by mapping the contours not only of 

animal life, but also of existing and anticipated spaces of geopolitical conflict, are we to 

understand biomimetic practices only as yet another weapon in the DoD's arsenal? Or to 

put it differently, is this one more case study that presents the state in its role as--drawing 

on Deleuze and Guattari's often-used phrase--an "apparatus of capture" or Paul Virilio’s 

“endo-colonization” of life’s most intimate sites and processes? It may well be. But 

biomimicry's contour lines follow those of the battlefield only so far. And to stop here 

would be to end the story with little more than a critique of the state and the conditions of 

scientific research produced under its directive. As noted in earlier pages, biomimicry 

remains an unsettled practice. It is well-supported by institutions of national defense but 

is also developed in university research laboratories and taken up by engineers and 

industrial manufacturing with divergent and often contested aims. Like the processes of 

biological evolution and scientific inquiry out of which it emerged, practitioners of 

biomimicry are capable of employing it to produce weapons for war as well as vaccines 

and wind turbines, with little fidelity to any one sector of production or to any singular 

purpose. In light of these divergent practices, I wonder if biomimicry's topology doesn’t 
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also create qualities that run, in Guattari’s words, “counter to the ’normal’ order of 

things,” capable of creating new assemblages and alternative “universes of value.” In a 

time when economic and political apparatuses seem desperate to capture expressions of 

life’s potential for the purposes of economic accumulation and political domination, 

might biomimicry also opens us to "other individuations, less stabilized and more unruly, 

capable of individuating new transnational and translocal [or trans-species] 

subjectivities” (Terranova 2009: 242)?  

 In this chapter I address the complexities and contradictions contained within 

these questions by attending to the expressed desire of biomimicry’s most vocal 

advocates to produce trans-species or interspecies
1
 subjectivities and new “universes of 

value.” Using the so-called biomimicry movement’s own propositions, I explore the 

potential of the mimetic faculty to forge “new creative assemblages” and new forms of 

value as proposed in the work of Guattari as well as that of Deleuze, Michael Taussig, 

and Roger Caillois. I link these proposition to other political and ethical projects working 

to disrupt Western narratives of human exceptionalism, jam Giorgio Agamben’s 

“anthropological machine,” and generate Bruno Latour’s “Parliament of Things.”  This is 

on of the key hopes with which biomimetic practices have been endowed. To begin, I 

explore the potential of mimicry, a term that has long been viewed with opprobrium and 

deigned an unfit practice for humans. I then move to a discussion of the actually existing 

biomimicry movement, which I explore both in its grassroots, collaborative 

manifestations, in sites such as the Biomimicry Institute, as well as its more overtly 

                                                
1
 To use an increasingly dominant term used in animal studies (see Livingston and Per 2011). 
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market-oriented, for-profit wing, the Biomimicry Guild. Finally, by first placing the 

utopian aspirations of the biomimicry movement alongside these real world 

manifestations and within a discussion of capitalist real subsumption, I offer a 

reevaluation of the political potential inherent in biomimicry. This political potential, I 

argue, lies not in the production of a new measure for value (such as that of the natural 

world) but rather in the subversion or overcoming of measure itself.  

 

3.1 Of Mimesis and the Human 

 Plato and Aristotle established what has long been the dual nature of the mimesis. 

Both wrote of the relationship between mimesis and image-making, but they disagreed on 

whether mimetic expressions constituted a perverted or “proper” expression of our 

humanity. For Plato, mimesis was means of grasping at authentic forms in nature. At the 

same time, however, the mimicking of images found in the natural world harbored the 

potential to corrupt by leading us away from rational approaches to the world through our 

appetitive affinities for distortion, dissimulation, and drama. Plato’s writings on art and 

mimesis were the foundation of our contemporary notions of the image as a thing 

representative of, but divorced from the “real” world. In contrast to real knowledge, 

mimetic representations were “play,” productive of “phantoms,” mere shadows of that 

which they imitate. A companion of dishonesty, mimicry threatened to confuse the soul, 

“undermine the powers of reason and calculation,” and guide our decisions through 

emotion (Potolsky 2006: 25). Accordingly, it marked the dividing line between the “real” 

and the “representational,” between “truth” and “illusion.” 
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Aristotle followed Plato in understanding artistic representations as essentially 

mimetic. But, in contrast, he treated mimesis not only as a distortive practice, but also as 

a form of craft and production in its own right. For him, mimesis was capable of 

expressing an affinity with the world, a desire to take part in it through representation and 

imitation. He distinguished the practice of mimesis from the aping of the mimic, who 

merely imitates what she sees and hears in the world. In contrast to this pathological 

activity, Aristotle saw the practice of mimesis as an artistic act valued not by the accuracy 

of its imitation, but by its capacity to connect with its audience and provide insight into 

“human action and character that we might not otherwise have” (Potolsky 2006: 37). For 

Aristotle, a work of art was successfully mimetic not if it accurately represented reality, 

but if it had resonance with others and their perceptions (ibid.). 

The creation of mimetic works and the capacity to be moved by them (also a part 

of the mimetic faculty according to Aristotle) was central to his understanding of 

humanity. Mimesis—and not mimicry—was thus for Aristotle a form of communication 

exclusive to intelligent, soulful humans. It was a matter of creating affinities with and 

between humans. It follows that, for Aristotle, mimesis is the basis of our empathic 

affects: without it, we could not see ourselves in the characters of films or novels, we 

could not hear how our own voices resonate with those of poets, and we could not see 

ourselves in the lives of others (Potolsky 2006). This production of empathic qualities 

through mimesis had the capacity to make us, for Aristotle, better humans. That is, it 

made us better citizens, more adept “political animals.” 
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Plato and Aristotle both centralize the mimesis in the constitution of humanity, for 

better or worse. In contrast to their accounts, Roger Caillois’s mimesis is important 

because it open the door to humanity’s unmaking. In his dizzying essay “Mimicry and 

Legendary Psychasthenia,” Caillois takes up the Aristotelian idea that mimicry
2
 is a form 

of invention capable of transforming the mimetic subject, but he takes it further, using 

mimesis to break the binary between “real” and “imagined.”
3
 Caillois suggests that 

mimicry constitutes a form of sorcery; that it corresponds to a law of magic that states 

that “things that have once touched each other stay united”  (Caillois 2003 [1935]: 97). 

Inspired by observing the mimetic posturing of insects, Caillois refers to mimicry as a 

“reciprocal mapping” born of an “instinct d’abandon,” the instinct of letting go. Through 

mimesis, insects perform "a sort of insertion into the plant world.” Extending the analysis 

to humans, Caillois writes that by making oneself a mimic, “one’s sense of personality is 

quickly, seriously undermined” (100). Rather than making us better humans or better 

political citizens, Caillois’s mimetic magic of abandonment operates ontologically, 

unmaking traditional subjects by making new hybridized ones. 

Reading Caillois, one is filled with the sense of danger against which Plato 

warned, but here, that danger is seductive rather than repellant as we are presented with 

the promise of cathartic transformation through mimesis. Mimicry generates new 

                                                
2
 Unlike Aristotle, Caillois seems to see no need in distinguishing between mimesis and mimicry. 

He uses the two interchangeably.  
3
 This is similarly the view of Walter Benjamin who views mimesis as a natural—and naturally 

productive—process. And, like Caillois, Benjamin understands human’s capacity for mimesis to 

be productive of transformed subject positions, arguing that the “gift of seeing resemblances is 

nothing other than a rudiment of the powerful compulsion in former times to become and behave 

like something else” (Benjamin 1986: 331). Benjamin, however, is much more cautious in his 

appraisal of mimesis, and expresses considerable concern regarding, among other forms of 

mimesis, the mass reproduction of art. I will return to Benjamin’s concerns further on.  
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affiliations and the making-otherwise of animals, persons, and things by creating a bridge 

between radically different ways of being in the world. Just as insect ways of being can 

become plant-ways, human ways can also become rat-ways, and Western industrialist 

ways can become primitive-ways. But more than bi-lateral re-coordination, Caillois 

views mimicry as a method for radical dis-coordination, a means for unmooring 

organisms and subjectivities such that they “no longer knew what to do with 

[themselves].” (99). This process is akin to the making of a symptom of schizophrenia 

known as psychasthenia: “depersonalization through assimilation into space,”  (Caillois 

2003 [1935]: 100).  In his account Caillois enrolls Gustave Flaubert’s Saint-Antoine, a 

character who falls prey to the desire to “disperse himself everywhere, to be within 

everything, to ‘penetrate each atom, to descend into the heart of matter—to be matter’” 

(Flaubert quoted in Caillois 2003 [1935]: 101). In short, the mimetic faculty serves to 

unite subjects with their surroundings. In addition to the “instinct of abandon,” Caillois 

referred to the mimetic faculty as an “instinct of renunciation,” by which he meant the 

renunciation of distinction and the realization that “nature is everywhere the same” 

(Caillois 2003 [1935]: 103). In the embrace of such a perspective, “plants are now no 

longer distinguished from animals…Insects identical with rose petals adorn a bush…And 

then plants are confused with stones. Rocks look like brains, stalactites like breasts, veins 

of iron like tapestries adorned with figures” (Flaubert quoted in Caillois 2003: 101). 

Rather than establishing an ideal human, Caillois’s vision of mimesis dismantles it.  

In A Thousand Plateaus, Deleuze and Guattari draw heavily on Caillois’s account 

of mimesis. In their provocation to “deterritorialize,” to “become-animal” and to 
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“become-intense,” Deleuze and Guattari famously push their readers beyond sedimented 

conceptions of the self through a similarly relational mimetic alliance. Also like Caillois 

the pair begin their treatise on the deterritorialized subject by explore bi-lateral 

becomings. Their celebrated writings on the orgasmic becoming of the wasp and orchid 

are widely-cited as a productive form of becoming (see, for example, Morland 2004, 

Buchanan 2008, Hardt and Negri 2010). Yet their take on bi-lateral becoming is not so 

celebratory. Take, for example their recounting of the film Willard, which tells of a 

danger in taking on the characteristics of, and becoming with, others. In this film, an 

alliance formed by a human protagonist and a pack of rats living in his basement 

ultimately leads to his demise and that of several others. Caillois’s reading of Saint-

Antoine also finds resonance in Deleuze and Guattari’s appropriation of Arthur Conan 

Doyle’s Professor Challenger, who, in the course of giving a lecture on 

deterritorialization, famously takes on the traits of a lobster before his body becomes 

completely undifferentiated from its surroundings.
4
 Nevertheless, each of these fables 

suggest that, despite the danger, becoming with others (other humans as well as other 

species) is an ongoing enterprise, necessary and worth the risk. In his later work, Guattari 

develops these concepts further, describing such a move as a kind of “discordant 

repetition” necessary for the creation of new assemblages of social and ecological life as 

well as new “universes of value” (Guattari 1989: 136). 

 

                                                
4
 Although I don’t pick up on it, the strange resonance between Deleuze and Guattari’s story and 

the making of RoboLobster in chapter two are worth pointing out.  
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3.2 The Magic of Biomimicry 

 Had Caillois lived to read her work, he might have referred to Janine Benyus as a 

sorceress. Benyus is the appointed “guru” (at times, “mother”) of the biomimetic 

movement and a celebrated figure among mainstream environmentalists. She was the 

recipient of the UN’s “Champion of the Earth” award in Science and Innovation in 2009. 

In 2007, Benyus was listed in the company of Al Gore, Prince Charles, and Mikhail 

Gorbachev as one of Time Magazine’s Heroes of the Environment. She was awarded the 

Rachel Carson Environmental Ethics Award in 1997, and has served as the keystone 

figure in the biomimicry movement since her book, Biomimicry: Innovation Inspired by 

Nature, was published that same year.  

 I am interested in Benyus’s writing in part because of her influence on the field. But 

even more so, Benyus conceptualizes (bio)mimesis in a way that dovetails with the 

philosophical concerns surrounding mimesis that I have outlined above. That is, she 

strives to make the potential of mimesis a political-technological-ecological project. Her 

book describes a collection of projects that suture together cutting edge technologies with 

the embodied products of natural selection. But rather than merely an inventory of 

ongoing research in the biomimetic world, Benyus’s text is also something of a manifesto 

for revolution. In it, she looks to biomimetic practices as a means of altering our 

contemporary forms of production and, accordingly, saving us from what she sees as a 

pending future of ecological catastrophe.  

 Now considered a foundational text in the biomimicry movement, the book was 

researched and written out of frustration with contemporary conditions of production. It 



 84 

opens with an epigraph taken from Vaclav Havel’s 1984 essay “Politics and 

Consciousness”:  “We must draw our standards from the natural world. We must honor 

with the humility of the wise the bounds of that natural world and the mystery which lies 

beyond them, admitting that there is something in the order of being which evidently 

exceed all our competence” (quoted in Benyus 1997:3). According to Benyus, we must 

learn to do these things quickly as the apparent divorce between “lessons inherent in the 

natural world sculpted and burnished over billions of years” and “the business of our 

lives” has set the scene for an impending social and ecological crisis (Benyus 1997: 4). In 

her account, human history is marked by a continual series of such ruptures, each 

inaugurated by technological development, and each leading humans further from what 

she refers to as “our home”:  

 

Our journey began ten thousand years ago with the Agricultural Revolution, when 

we broke free from the vicissitudes of hunting and gathering and learned to stock 

our own pantries. It accelerated with the Scientific Revolution, when we learned, 

in Francis Bacon’s words, to ‘torture nature for her secrets.’ Finally when the 

afterburners of the Industrial Revolution kicked in, machines replaced muscles 

and we learned to rock the world. But these revolutions were only a warm-up for 

our real break from Earthy orbit—the Petro-chemical and Genetic Engineering 

Revolutions. Now that we can synthesize what we need and arrange the genetic 

alphabet to our liking, we have gained what we think of as autonomy. Strapped to 

our juggernaut of technology, we fancy ourselves as gods, very far from home 
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indeed (Benyus 1997: 5).  

 

Benyus’s history of our collective loss of connection and of a knowledge that 

“nature is everywhere the same” is a story of compounding catastrophe that brings to 

mind Walter Benjamin’s Angelus Novus, who “sees one single catastrophe, which keeps 

piling wreckage upon wreckage and hurls it at his feet” (Benjamin 1996: 392). Like 

Benjamin, Benyus turns to mimesis in the task of stripping objects, persons, concepts, 

animals of their established places in the march of historical progress and capitalist 

development. It was Benjamin who suggested that by crossing divides and bridging time 

periods, mimicry harbors the power to interrupt such notions of progress and to break our 

conception of a self-evident present. Nicole Shukin maintains that Benjamin’s mimesis 

was a “practice of historical materialism that…involved interrupting myths of historical 

progress by bringing past and present together within the dialectical instant of Jeztzeit” 

(Shukin 2010: 54). It is exactly such a myth of historical progress that Benyus inverts in 

her rendering biomimicry by acknowledging that evolutionary transformations that took 

place millennia ago might express a greater knowledge of the world than can the faculties 

of scientific inquiry and human engineering.  

Yet, Benyus’s account also surprises. While she crusades against modernism and 

what she refers to as “Homo industrialis,” she does not advocate an abandonment of 

technological production or the sabotage of industrial machinery. And although she 

expresses nostalgia for it, she similarly does not desire a return to a more primitive time 

in which humans had “cooking fires to storytell around and [and] ceremonial dances to 



 86 

reenact the movement of the herds” (183). Instead, she encourages a radical 

transformation of our present forms of production by reconfiguring the relations between 

human and nonhuman life, thereby transforming how life—human and nonhuman—is 

understood and valued.  

For Benyus, such reconfigurations best take place via the mimetic faculty.  Where 

technological “progress” has marched forward through history, she proposes that 

technology instead look to nature to identify the means through which it produces and 

reproduces the world. Calling it the “magic trick” of life, Benyus highlights how 

nonhuman species create conditions suited for the reproduction of their own life (and 

often those of others): “life creates conditions conducive to life. It builds soil, it cleans 

air, it cleans water, it mixes the cocktail of gases that you and I need to live. And it does 

that in the middle of having great foreplay and meeting [its] needs” (Benyus 2005).  

In her book, Benyus features biologists, material scientists, chemists, physicists, 

primatologists, computer scientists, and “industrial ecologists” all of whom are working 

on projects that would develop innovative materials through biomimetics. These 

technologically and biologically savvy entrepreneurs do not simply set us up for “just 

another ‘green’ fad” or a new approach for “greenwashing” industrial manufacturing 

(Benyus quoted in Witkowsky 2004). More than improving upon the products that we 

have, or creating a better, greener version of commodities, Benyus’s brand of biomimicry 

seeks to rethink the very processes of material production themselves. Comparing two 

methods of producing fibrous materials, one of human industry and the other of spider 

biology, Benyus suggests the transformations biomimesis could effect: 
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Right now, we use what’s called “heat, beat, and treat” to make materials. Kevlar, 

for instance, the stuff in flak jackets, is our premier, high-tech material. Nothing 

stronger or tougher. But how do we make it? We pour petroleum-derived 

molecules into a pressurized vat of concentrated sulfuric acid, and boil it at 

several hundred degrees Fahrenheit. We then subject it to high pressures to force 

the fibers into alignment as we draw them out. The energy input is extreme and 

the toxic byproducts are odious. 

 

Nature takes a different approach. Because an organism makes materials like bone 

or collagen or silk right in its own body, it doesn’t make sense to “heat, beat, and 

treat.” A spider, for instance, produces a waterproof silk that beats the pants off 

Kevlar for toughness and elasticity. Ounce for ounce, it’s five times stronger than 

steel! But the spider manufactures it in water, at room temperature, using no high 

heats, chemicals, or pressures. Best of all, it doesn’t need to drill offshore for 

petroleum; it takes flies and crickets at one end and produces this miracle material 

at the other. In a pinch, the spider can even eat part of its old web to make a new 

one. Imagine what this kind of a processing strategy would do for our fiber 

industry! Renewable raw materials, great fibers, and negligible energy and waste. 

We obviously have a lot to learn from an organism that has been making silk for 

some 380 million years (A Conversation with Janine Benyus 2008).  
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Biomimicry, she suggests, can radically transform how we produce materials and 

commodities, fixing was broken in the Agricultural Revolution: humanity’s connection to 

the earth. Moreover, it may enable a shift in subjectivity. If contemporary states of 

ecological destruction have emerged out of what Benyus characterizes as an “autistic” 

relationship with the earth, a mimetic bridge between human and nonhuman natures 

might alter our course. As she puts it, “once we see nature as a mentor, our relationship 

with the living world changes” (Benyus 1997: 9). Or to put this slightly differently, an 

embrace of biomimicry may allow a new interspecies subjectivity upon which we might 

ground a revaluation of life on earth.  Rejecting a human-environment relationship best 

characterized by extraction, exploitation, and domination, Benyus ultimately advocates 

biomimicry as a means of production founded on mutual enhancement and education: 

“it’s not what we can take from nature, but what we can learn from her” (Benyus 1997). 

 

3.3  Constituting Revolutionary Interspecie Subjectivities 

Transforming our relation to nonhuman nature has long been a hallmark of 

environmental politics. On the surface, advocates of the biomimetic movement are 

simply rehearsing a familiar refrain, calling for a posture of stewardship and honor over 

one of mastery and domination. But Benyus is much more provocative than this and it is 

here that her writings on mimicry begin to resonate with those of Caillois and to suggest a 

reconstitution of contemporary value forms.  

To begin with, Benyus does not express only a desire for humans to care for 

nature more generously. Rather, she looks on biomimicry as a means of transforming 
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how we understand and enact our “humanness.” Indeed, her primary goal seems to be the 

disruption of human subjectivities, a move that not only promises to solve our ecological 

crisis, but also the problematic social and political conditions that have led to it. Just as 

biomimicry dissolves and reassembles what we know of “geckos” and “lobsters,” Benyus 

promises that it will break apart the human, locating it elsewhere, outside of itself in such 

a way that it can no longer refer back to an essential identity or reproduce an idealized 

image of human nature: “perhaps in the end it will not be a change in technology that will 

bring us to the biomimetic future, but a change of heart, a humbling that allows us to be 

attentive to nature’s lessons…If we are to use our tools in the service of fitting in on 

Earth, our basic relationship to nature—even the story we tell ourselves about who we are 

in the universe—has to change” (Benyus 1997: 8, my emphasis). 

I want to take these propositions seriously, to engage in imagining, as Benyus 

does, a world in which the things that we make and our processes of production are, as 

she writes, “conducive to life” (Benyus 2005). I find Benyus’s proposition—that it is 

upon human-nonhuman relations that our present conditions of production and attendant 

ecological maladies rests—compelling. It not only places her writings in conversation 

with scholars like Caillois who celebrate the deconstructive capacities of mimesis, her 

goal of overturning of human sovereignty as a means of transforming how we value life 

also resonates with a growing field of politically-engaged scholarship that has drawn 

animal life in from the margins of thought.  

 It has been over two decades since Donna Haraway’s “Cyborg Manifesto” 

catalyzed a conversation on the conceptual and practical parameters of human life.  Since 
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the appearance of this text, critical scholarship generally accepts the dangers found in 

myths of purity and the maintenance of a “border war” between organisms and machines 

as well as humans and animals. As Haraway writes, this is a tradition of “racist, male-

dominant capitalism; the tradition of progress; the tradition of the appropriation of nature 

as resource for the productions of culture; the tradition of reproduction of the self from 

the reflections of the other” (Haraway 1991: 150).
5
 The border war of which Haraway 

writes figures as large in Benyus’s rhetoric as it does in human-animal studies more 

broadly: historical traditions founded on a purified category of “the human” – and the 

humanism that informs it -- absorb the blame for many of the problems characteristic of 

our contemporary global situation.
6
  

Benyus’s goals fit well with the growing field of animal studies that has 

                                                
5
 On a somewhat different register, Giorgio Agamben’s figuration of “bare life” encapsulates this 

argument in what are perhaps the starkest of terms. A life is rendered “bare” when it subject to 

exclusion from the protections provided by law or social securities: the taking or neglect of “bare 

life” requires no accountability. Agamben argues that such a state is predicated on the 

philosophical distinction between human and animal, a distinction that allows for the subsequent 

attribution of “animal” qualities to the lives of humans. As inferior to but resident within “the 

human,” the category of “the animal” legitimizes the labeling of populations as “unfit” for life in 

the polis, be they excluded on the basis of race, religion ethnicity, gender, class, or geographical 

origins (Agamben 2004). In The Open, Agamben explores the history of science and philosophy 

that articulates this process of categorization as a legitimation of exclusion. He names this process 

the “anthropological machine”. Following his argument, Kelly Oliver notes that the human and 

animal, distinguished as such, serve as the founding concepts that ground acts of injustice and 

cruelty to humans as well all other species: “the anthropological machine…produces the 

monstrous category “animal” that not only effaces nearly infinite differences between species but 

also corrals them all into the same abject and inferior pen” (Oliver 2007: 11). An end to the 

violent political tendencies that operate on and through the anthropological machine means “to 

risk ourselves in this emptiness: the suspension of suspension, Shabbat of both animal and man” 

(Agamben, 2004: 92). 
6
 While now fully incorporated within the academic scene—Julie Livingston and Jasbir Puar have 

recently noted that it is “all the rage”—the field of animal studies and so-called post-humanism 

remains diverse and fractured (Livingston and Puar 2011: 3). Nevertheless, the bulk of the field is 

given to dismantling the anthropocentrisms that remain central to historical narratives of 

possession, control, and mastery upon which present ecological, economic, and geopolitical 

conditions rest. 
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developed in part out of Haraway’s influence. As Livingston and Puar note, animal 

studies scholarship “probes the shifting boundaries between humans and nonhuman 

animals, historicizing their production, maintenance, and reification.” By "destabilizing 

the centrality of language, consciousness, and cognition (attributes constituted as 

singularly human) in favor of ontological irreducibility” and thereby complicating 

notions of agency, the literature works toward ending forms of violence associated with 

binaries of self and other” (Livingston and Puar 2011: 4).  

In their characterization of the field, Puar and Livingston place primacy on the 

study of the linguistic and historical bases of self-sovereign subjects. Indebted as much to 

Jacques Derrida as it is to Haraway, this work suggests that our present political economy 

is predicated on a particular—and particularly historical—rendering of human life.  

Giving voice to histories that disrupt traditional accounts of life that identify humans as 

self-referential protagonists in the making of the world, Derrida’s work suggests that new 

ethical arrangements can be experienced, embraced, and made material. This is not 

merely a matter of renewing respect for nature or of expanding the circle of our political 

and ethical arrangements to include nonhuman life (as the notion of “animal rights” 

does), but of actively shifting our understanding of human action and the central causal 

agent in the shaping of history (see Derrida 2003a).  

Kelly Oliver’s Animal Lessons draws heavily from Derrida’s framework and is 

characteristic of the broader field. In an attempt to redefine how we understand and make 

our own humanity, she charts the rise of “the human” in relation to symbolic and material 

interactions with animal bodies and ways of being that are often overlooked in history:  
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By exploring the conceptual relations between animal and human and between 

animals and humans, we may come to see both animals and humans in a different 

light...acknowledging the ways in which we are human by virtue of our 

relationships with animals suggests a fundamental indebtedness that takes us 

beyond the utilitarian calculations of the relative worth of this or that life or 

economic exchange values to questions of sharing the planet (Oliver 2008: 22). 

 

 In Oliver’s work (as well as that of Cary Wolfe and others) this destabilization or 

even erasure of the categories of human and animal occurs through the recognition of 

shared limits, vulnerability, or an embrace of Derrida’s “nonpower at the heart of power” 

(Derrida 2003a: 396). Oliver suggests (again, as Wolfe’s work has also done) that 

acknowledging our “strange kinships” with animal life will “[allow] for an intimate 

relation based on shared embodiment without denying differences between life-styles or 

styles of being’ (Oliver, 2007: 18). For Oliver, building such a foundation is necessary if 

we are to transform our abusive relation not only to animal life, but also to other humans.  

While these texts enliven the conceptual and historical accounts of human and 

animal relationships, our material relationships to and with animal life (and other 

humans) are relegated to the background, presented merely as an effect (be they violent 

or ethical) of those concepts. In reading them, it seems that we need only to elevate the 

role of nonhuman others in history in order to radically transform our social and material 

relations with them. In a seeming response to these limitations, Donna Haraway’s recent 
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work has shifted her focus onto the material conditions in and through which human and 

nonhuman life comes together calling for a project of  “[retying] the knots of multi-

specied living on earth” (Haraway 2008: 2).
 7
 Like Oliver, she calls for heightened 

attention to the “sym-bio-genesis” of all beings by recognizing that they are “the fruit of 

‘the co-opting of strangers, the involvement and infolding of others into ever more 

complex and miscegenous genome’” (Margulis and Sagan [2003] quoted in Haraway 

2008: 31). Yet, rather than confine her inquiry to conceptual relations between humans 

and animals, she explores the practices of being and learning with animal life in the “mud 

and slime” of the world (ibid.: 30). If this is not mimesis—and I think Haraway would 

likely object to the use of that term—it is something similar: the search for alter-

subjectivities and alter-productions that displace established subject and object positions. 

Her writings suggest that working with animals, understanding them as companis—those 

with whom we break bread—is central to producing transformed and transformative 

subjectivities. Like Caillois’s mimetic faculty and Guattari’s discordant repetition, 

Haraway’s call to act with animals is productive of an excess, of elements irreducible to 

logics of control, mastery, or calculation. She encourages a re-coordination and 

heightened cooperation with nonhuman others. Engendered through an engagement with 

animal life is “the coming into being of something unexpected, something new and free, 

something outside the rules of function and calculation, something not ruled by the logic 

of the reproduction of the same” (Haraway 2008: 223). Accordingly, for Haraway, such 

                                                
7
 Haraway’s discussion of Derrida’s essay “The Animal That Therefore I Am” is telling of this. 

Although Derrida insists that his essay emerged out of an interaction with his cat—“truly a little 

cat”—Haraway notes that what follows (from his little cat) is a discussion of human history and 

human perceptions on their own bodies vis-à-vis animal bodies. There is very little therein about 

Derrida’s relation to the cat or cat-beings as such (Haraway 2008).  
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transformations in how we practice everyday life and how we imagine our positions 

within the world offer the potential to enact “autre-mondializations”—alternative global 

political arrangements divorced from both neoliberalism and liberal humanism (Haraway 

2008).
8
  

It is within this light that Benyus’s texts appear most productive. For, in contrast 

to the epistemological shifts called for by animal studies, Oliver and even perhaps 

Agamben, Benyus does not simply advocate a revaluation of human and nonhuman life 

as a cognitive exercise. Instead she calls for its material (re)production, with mimicry as 

the method. Rather than merely encouraging new parameters for our ethical obligations 

(a la Derrida) or prompting us to experiment with trying on new subject positions (a la 

Deleuze), Benyus begins with the act of production: in the “mud” of a world thick with 

technologies, corporations, private property, patent law, and a diverse array of species she 

teaches her readers and clients to mimic. By transforming how we make everything from 

plumbing pipes to robots, Benyus argues that biomimicry naturally stretches the 

categories of human and nonhuman beyond their limits, shaking the foundation of human 

exceptionalism and forging ground for a more democratic and sustainable future. By 

suggesting that the very practice of biomimicry renders indistinct the productive 

capacities of humans and animals, Benyus endows the embodied transformations of 

natural selection with the same value as human labor practices. And by shifting this 

                                                
8
 Also notable here is the work of Bruno Latour, who has encouraged a reconfiguration of 

political participation to include contributions from nonhuman actants as they become “matters of 

concern” (Latour 2004). Similarly, Sarah Whatmore’s hybrid geographies and Jane Bennett’s  

recent efforts to reappraise objects both serve to develop an ethics of “vital materiality” in which 

the “force of things” is recognized and made accountable to politics and as means of denigrating 

traditional understandings of human agency and exceptionalism (Bennett 2010). 
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understanding of production, Benyus and her collaborators express a desire to 

reformulate how we construct science and technology. Through mimesis, human 

engineers and designers will learn to overcome their hubris and become more humble 

participants in a world populated with productive capacities equal to or greater than our 

own. In a turn of phrase that echoes Oliver and places Benyus’s work in close proximity 

to Bruno Latour’s theoretical contributions, Benyus writes, “we will have to climb down 

from our pedestal and begin to see ourselves as simply a species among species, as one 

vote in a parliament of 30 million. When we accept this fact, we start to realize that what 

is good for the living Earth is good for us as well” (ibid.). In short, Benyus’s hope is that 

biomimicry will enable biological life to teach us to be humans differently.  

What then are we to make of biomimicry as a project of radical re-

subjectification, and as a means to transform present practices of production? Through a 

combination of these two processes, Benyus anticipates the “biomimetic revolution” and 

provides us with considerable hope for constituting the kind of “autre-mondializing” 

practices and “universes of value” for which Haraway and others in animal studies argue 

are necessary for creating a less violent and less toxic world. She opens for us a window 

in which new forms of technological production—however they might occur—offer a 

truly revolutionary potential. Taken at face value, Benyus’s account of the transformation 

of that relation from the ground up seems to promise a reconfiguration of labor and value. 

On its terms, we might expect an incompatibility between value structures beholden to 

profit and a system of production predicated on creating “conditions conducive to life.” 

We might imagine that biomimicry can stretch the capitalist mode of production—along 
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with understandings of self-sovereign humans—to its breaking point.    

This is the type of reasoning with which Benyus guides her readers, and 

smoothly. I, for one, was very nearly sold, ready to cast a wager that many of the 

elements necessary to transform the mode of production, to jam the “anthropological 

machine” and end “racist, male-dominated capitalism,” are brought together and 

concretized in dramatic events of interspecie co-production. And I am not the only one 

who has been seduced. A host of biologists, naturalists, and ecologically conscious 

designers have joined Benyus to usher in what can only now be called a biomimicry 

movement. As host Neil Harvey claims in a recent edition of “the Bioneers,” an online 

radio program—tagline “revolution from the heart of nature”—biomimicry will 

ultimately “guide human ingenuity and our political will” (Harvey 2009). But in order to 

really take the potential of biomimetic productions seriously, we have a responsibility to 

go beyond appearances and explore the practices that constitute the making of this 

interspecial “revolution.” Following Haraway, we might ask, “what is the apparatus of 

production of these new sorts of being?” (Haraway 2008: 157). Does it truly offer an 

escape route from present conditions of production or does it instead open up new 

avenues for their intensification? 

 

3.4 Building an Interspecial Movement 

In 1998, Janine Benyus founded the Biomimicry Guild, a for-profit firm 

specializing in “innovation consultancy for bio-inspired design.” Seven years later, she 

co-founded the Biomimicry Institute, the Guild’s not-for-profit counterpart that provides 
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education and capacity-building services to designers, engineers, naturalists, and 

biologists hoping to collaborate on biomimetic creations. Together the organizations are 

working to build the capacity of the biomimetic movement.
 9
 By many measures, they are 

succeeding spectacularly. The Guild and Institute have created infrastructure for 

naturalists and biologists to influence technological design and material manufacture 

thereby formalizing “this way of innovating, and [gathering] a global community of 

practice” and “naturalizing biomimicry in the culture” (Biomimicry Institute Report 

2009; Biomimicryinstitute.org 2011).  

 The role of The Biomimicry Institute (TBI) is primarily educational. In the six 

years since the founding of the organization, it has become an international leader in 

biomimetics and now manages a budget of well over $1 million. It uses those funds to 

inform the public about the potential value of biological life for technological and 

ecological change and, subsequently, enroll them in transformative projects. Their 

everyday operations primarily involve creating an infrastructure to make this happen. As 

I discussed in chapter one, the cross-disciplinary nature of biomimicry presents 

considerable challenges: language, occupational cultures, and simple access to the right 

people and the right information makes the processes of knowledge transfer between 

biologists and engineers quite difficult. Accordingly, TBI is working to build up a 

database of projects, people, and forms of life in order to link together biological 

architectures with contemporary “design challenges.” They have further partnered with 

                                                
9
 TBI and TBG are not the only two institutions of their kind. A number of other organizations 

advocating biomimetic practices have emerged in the US and around the world, including The 

Biomimetics Network for Industrial Sustainability (UK), BIOKON International, Biomimicry 

Europa, BioThinking (UK), and Biomimicry for Creative Innovation (UK). 
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academics and institutions of higher education to advance a rigorous framework for 

advancing the biomimetic field.  

 Like most contemporary nonprofits, the keystone of the Institute’s work is their 

website.
10

 There, one finds a host of resources, links, and opportunities for getting 

involved with the biomimetic movement. The home page feature directs visitors to their 

subsidiary site, AskNature.org, where you can pose design questions to “Nature”—in the 

guise of a search engine—and retrieve a list of completed and ongoing research on 

nonhuman capacities that might provide inspiration (see Figure 3.1). “How would Nature 

get water in the desert?” you might ask. The search engine retrieves a list of traits offered 

up in the bodies of different species as the “answer.” For example, “bumps on the back of 

the namib desert beetle collect and condense fog into water. When the beetle lifts its hind 

legs, the water rolls into its mouth.” If a biomimetic project already exists that mimics 

this capacity, the website also provides that information “Humans have mimicked this to 

create panels that harvest water without drilling beneath the surface” (asknature.org 

2011).  

                                                
10

 If comments on various webpages are to be believed, users most often arrive at the 

Biomimicry’s Institute’s website via that of TED. TED (Technology, Entertainment, Design) is a 

curated conference platform “devoted to Ideas Worth Spreading.” It has been called the Davos of 

the technology and design world. Janine Benyus was a featured speaker at TED2005 in the 

“Foreplay” section of a conference devoted to the theme “Inspired by Nature.” She presented 

again at TEDGlobal in 2009 when the guiding topic was “The Substance of Things Not Seen.” 

Like most TED talks and her own written work, Benyus’s is impressively polished and 

convincing. They are also wildly popular and her lectures draw designers, biologists, and others 

to the Biomimicry Institute website and to adopt her perspective that “we live in a competent 

universe, that we are part of a brilliant planet. And that we are surrounded by genius” (Benyus 

2009). 
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   Figure 3.1  Screenshot of the AskNature.org homepage 

   The search engine, with the prompt “How would Nature…” appears in the upper right hand corner        

   (taken 22 July 2011).  

 

 

Asknature.org is more than a database of biological information; it is also a 

professional and social networking site. Contributors—from building industry, business, 

design, education, engineering, media, and science—are encouraged to think of 

AskNature as their “home habitat” and to share strategies and create a “starter culture of 

ideas” so that “bioinspired breakthroughs can be born.” In the three years since the site 

was launched, over 6,000 people, hailing from every continent, have added profiles. 

Recognized as an organizational framework contributing to “viable designs which have 

the potential to improve our quality of life and build a new economy” the site was 
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awarded an Earth Award in 2010.
11

 

The contributors to AskNature.org have already adopted a biomimetic mindset. 

Many are searching for ways to incorporate it into their practice. But creating a 

movement requires drawing the uninitiated into your ranks. And there remains a wide 

world of people who have not yet received the word of biomimicry. For that population, 

the Institute has compiled resources of education in the form of nature center programs, 

media, publications, modules for K-12 education, and, increasingly, affiliation with 

university programs developing interdisciplinary curricula for biomimetic training. 

Through their work, they have generated networks of educators across the US and offer 

online courses for youth education to “grow the next generation of biomimics” 

(Biomimicry Institute Report 2010). Indeed, central are central to TBI’s mission. As 

Benyus wrote back in 1997, “what kids really need are large blocks of unstructured time 

for making mud pies and finding nests, for acting on the fascination with nature that is 

part of our reptilian mind” (Benyus 1997: 288).  

In addition to all of this, TBI holds regular outreach events—lectures, workshops, 

and conferences—worldwide and offers support to educators and institutions committed 

to a biomimetic curricula. Six institutions—Arizona State, Lipscomb University, The 

Minneapolis College of Art and Design, The Ontario College of Art and Design, The 

Cleveland Institute of Art, The University of Akron, and Universidad Iberoamericana—

now participate in the Institute’s “Biomimicry Affiliate Program.” Through it, they 

support not only the introduction of biomimicry into the curricula, but the creation of 

                                                
11

 The Earth Awards tagline suggests that AskNature and the broader biomimicry movement are 

well suited for receipt of the prize, as they indeed seek to “re-design tomorrow today.”  
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major and minor programs in biomimetic design.  

TBI offers opportunities for training beyond the website. With varying degrees of 

commitment, budding biomimeticists can participate in their “Professional Pathways” 

program. A two-year master’s course, for example, is “designed to empower you with 

life’s genius to evolve the way the world conducts business, designs buildings and 

products, runs government, provides healthcare, and educates future generations” 

(biomimicry.net/professionalpathways).
12

  

TBI has designed its educational curriculum to deliberately facilitate and ease 

students through the subjective transformations that they will encounter as they adopt a 

biomimetic mindset. To do so, TBI’s strategy involves generating viable and lasting 

communities of support and shared knowledge. In the Master’s program, for example, 

cohorts are divided into smaller groups referred to as “inner circles” in order to create 

lasting cohesion. As students “find themselves undergoing significant personal and 

professional transformations as they journey through the program” these groups are 

meant to provide space to reflect on program experiences and individual progress.  

These philosophies of community building connect TBI to the broader social field 

as “creating conditions conducive to life”—within and beyond the biomimicry 

movement—appear as the key to ensuring a more sustainable future. On TBI’s website, 

they offer a well-worn analogy to describe the problem with contemporary systems of 

production: within our current paradigm, they write, humans have long acted like “a 

pioneering system, like annual plants in a newly plowed field [whose] strategy is to 

                                                
12

 The program graduated its first cohort of sixteen engineers, designers, biologists, and business 

people from around the world in 2010 and accepted their second in early 2011. 
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spread out, get everything they can, and put energy into seeds.” What we should be 

working to generate instead, they argue, is a forest-like economy, in which “very few 

material resources come in, and no waste goes out” (biomimicryinstitute.org). This would 

require a reconstitution of contemporary systems of value, where primacy is placed more 

on the sharing of energy and information, as well as “deep roots, symbiotic relationships, 

much more mutualism, much more cooperation, [and] tighter feedback loops” (ibid.).  

But is this the kind of community that the biomimicry movement is engaged in 

building? To understand the broader conditions within which the biomimicry field has 

established itself, we need to go further still into the ways that the biomimicry movement 

has taken hold.  

A large part of that community-making enterprise has involved the for-profit arm 

of Benyus’s biomimicry enterprise. Benyus and Dayna Baumeister founded the 

Biomimicry Guild (TBG) in 1998 to consult with companies to “find, vet, understand, 

and emulate life’s time-tested strategies” (biomimicryguild.org). Their mission is the 

same as that of TBI; they seek to expand the capacity of designers, engineers, and other 

producer to better take advantage of “nature’s genius.” And, like TBI, The Biomimicry 

Guild offers workshops, lectures, and education sessions to the public. However, their 

staff of fifteen and their corral of contract employees also work in boardrooms, 

conference centers, or in the field with manufacturers, engineers and corporation with the 

aim of “naturaliz[ing] biomimicry in the design profession in order to increase respect for 

the natural world and create well-adapted and life-friendly products and processes” 

(ibid.). These staffers refer to themselves as “nature’s translators” who offer their clients 
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“possibilities for innovation and sustainability.” As the Guild’s website describes: 

 

[TBG] has proven methods and experience in accessing [biological] information. 

We have a staff of biologists, known as BaDTs (Biologists at the Design Table), 

who excel at searching through biological research to find the natural strategies 

that meet your company’s challenges, and then assessing which of those designs, 

chemical recipes, or system strategies are most promising for your needs. Our 

staff is also adept at taking complex and technical biological data and translating 

it into language digestible by any business department, from marketing to R&D 

(http://www.biomimicryguild.com/guild_services.html).  

 

TBG has been highly successful in selling its consulting services and its BaDTs 

have delivered on providing innovative ideas that cut costs, boost efficiency, and 

heighten sustainability. They have worked for a decade with Fortune 500 companies, 

non-profits, government agencies, and entrepreneurial organizations. Their client list 

boasts an impressively diverse array of over 140 companies and institutions, including 

colleges and universities (Stanford, Ishida University, UNC-Chapel Hill, Oberlin 

College), environmental and sustainability nonprofits (the Sierra Club, the Land Institute, 

Rocky Mountain Institute, UK-based Forum for the Future, Bioneers), ecofriendly 

product corporations (Seventh Generation, Patagonia), states and state institutions (the 

State of Montana, NASA, the EPA, the US Fish and Wildlife Service, the Washington 

State Department of Ecology), architecture and design firms (HOK Architects, American 
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Society of Interior Designers, David Oakey Designs, Design Futures Council) as well as 

multi-national corporations widely criticized for unethical or ecologically unsustainable 

practices (Dupont, Coca-Cola, the Dial Corporation, Boeing, Hewlett-Packard, General 

Electric, Nike, and Proctor and Gamble).  

The Guild’s service to clients involves workshops “on-site” at corporate 

headquarters or “field excursions” to Montana, Costa Rica, Mexico, South Africa, India, 

or other pre-designated locales that will ensure the proper “innovative habitat” for 

“conceiving, capturing, and developing your best biomimetic ideas” (Biomimicry Guild 

Service Reference, 2009-2010). In such a “habitat” BaDTs take their clients through a 

four-step process in which they (1) boil down client needs to “functional essence”, (2) 

“biologize” those needs by asking “how would nature do this?”, (3) generate a 

compendium of biological resources to address those needs, and (4) translate those 

natural functions into client-specific products and processes 

(http://www.biomimicryguild.com/guild_serveces_methods). The promise of the Guild is 

that such methods will generate not only innovative ideas (on their website, they assure 

that 90% of the “best practices” they generate will be new to clients), but also that they 

will be cost-effective and “inherently life-friendly and sustainable” (ibid.).  

Through partnering with industry, biomimicry’s reach has expanded. It has also 

generated considerable evidence that ecological sustainability and economic growth are, 

contrary to conventional wisdom, compatible with one another. As Dorian Sagan wrote in 

a review of Benyus’s book back in 1997, “the sophisticated, almost pro-growth angle of 

Benyus shows the great potential profitability of copying some of nature's time-tested, 
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nonpolluting, room-temperature manufacturing and computing technologies” (Sagan 

1997). Since her book was published and TBI and TBG founded, her vision of 

biomimicry has become a lynchpin of arguments for a greener form of capitalist 

expansion. Jonathon Porritt, author of Capitalism as if the World Matters, for example 

turns to the potential of biomimicry to become a force for profit generation, citing it as 

evidence that sustainable capitalism does not mean “an end of the huge global companies 

that have become so powerful over the last 20 years,” but rather that it might “really 

become a genuine ‘force for good,’ as well as a continuing engine of profit generation” 

(Porritt 2005: 88). Similarly, the authors of Natural Capitalism: Creating the Next 

Industrial Revolution—Paul Hawken, and Amory and L. Hunter Lovins, with whom 

Benyus has since collaborated—offer a similar perspective. They share Janine Benyus’s 

views of both industrial history and potential futures of sustainable living and, like 

Benyus, present a vision of contemporary society at a crossroads with one path leading 

toward ecological (and subsequently social) crisis and another ending with a bio-inspired 

utopia characterized by both ecological stability and economic expansion. As Robert 

Ackerman has suggested, the nonhuman environment may just be the “ultimate free 

market for selecting effective structures” for technological development and engineering 

(Ackerman 2000). 

In the most detailed look at biomimicry’s potential for profit generation, Point 

Loma Nazarene University’s Fermian Business and Economic Institute recently released 

a publication called “The Global Biomimicry Efforts: An Economic Game Changer” 

(2010). The authors begin their analysis by citing a Financial Times special report on 
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sustainable business which noted that in the first decade of the twenty first century, few 

companies outside of agriculture and pharmaceuticals had “obvious ties with the natural 

world” (citied in The Global Biomimicry 2010: 9). They go on to note that that 

perception is rapidly changing as firms are recognizing the increasing dependence of their 

wealth on the natural ecosystem (ibid.). They suggest that the field of biomimicry can 

overcome tensions between business and environmental protection: “instead of 

positioning the situation as an ‘either/or’ debate between the environment and jobs, 

biomimicry presents a ‘win-win’ answer that allows both to be addressed” (ibid.: 10). 

The field, in their analysis, holds tremendous potential to “attract sizable capital inflows, 

driven by the prospects of rapid growth and high rates of return” by boosting efficiency 

and creating more effective products at a lower cost than traditional industrial production. 

They go on to measure the economic potential of adopting a biomimetic approach to 

industry. The outlook is positive. As they report, inventors submitted 900 patents 

containing the term “biomimicry” to the US Patent and Trademark Office in 2009. The 

authors of “Global Biomimicry” expect that number to grow. And citing a number of 

already successful biomimetic products on the market—PAX Scientifica’s “fluid 

handling devices” inspired by seaweed, for instance—they anticipate that biomimicry 

could account from $300 billion of US GDP and $1.0 trillion of the world’s total output 

by 2025. Figure 3.2 is a chart reproduced from that document, in which biomimicry’s 

impact on industry sales in 2025 is estimated by sector (ibid.).  
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       Figure 3.2  Biomimicry and the Market 

        Estimates made by the Fermian Buisiness and Economics Institute, reproduced with their        

        permission. 

 

“Global Biomimicry” goes on to enfold the biomimetic movement within urban 

reform initiatives driven by investment capital. The report sells readers on the expected 

value of biomimicry not only for the US or the globe, but for the city of San Diego. In 

collaboration with city officials, the San Diego Zoo has been pushing for the city to 

become a national hub for biomimetic innovation: “The region possesses four key 

characteristics:  intellectual resources, capital, a strong entrepreneurial base, and a 

collaborative environment. The San Diego Zoo, with its rich animal and plant collection 

together with its existing research institute for conservation, appears well suited to lead 
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such a hub” (Global Biomimicry 2010). The Zoo itself would serve as the centerpiece of 

an emerging site of biomimetic innovation and infrastructure creation. With one of the 

largest and most diverse collections of flora and fauna in the world, the Zoo offers a 

“multidisciplinary set of scientific and behavioral expertise and world-class facilities 

[that] can help you unlock nature’s secrets and solve real-world problems with answers 

that have already been developed in nature” (From Mind to Market 2011). Researchers 

estimate the formation of such a hub could contribute “$325 million to San Diego’s 

annual gross regional product and $162 million in total personal income in 15 years”. 

They also estimate that a growing biomimicry sector could create over 2,100 new jobs for 

the city (ibid.). 

These estimations of biologically driven profits find confirmation in the Guild’s 

impressive list of clients. By offering more efficient models for production as well as 

potentially cheaper production materials, TBG, the Fermian Business Institute, and the 

San Diego Zoo all tout a “biological (re)turn” as an effective way to keep profit margins 

viable in a tight economy.  

Finally, in the hands of TBI and TBG, it is not only biologists and naturalists who 

might “profit” from the sale of biological knowledge, but also the creatures that inspire 

technological innovation and their habitats. The TBI and TBG websites combine their 

advocacy of a humble posture to the world with constant reminders that students have an 

obligation to repay their teachers. Their Innovation for Conservation Program in the final 

element of the work they do, the means through which they might bring into being a 

world in which “biomimicry not only change[s] the way we design our planet, but also 
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the way we value it” (biomimicryinstitute.org). The program is designed to assist 

companies who have “realized benefit from Nature’s design ideas” to give back to the 

sources of their information. TBI works with companies to determine the appropriate 

level of monetary commitment to natural resources. Taking donations from corporations 

and individuals wanting to give back, TBI invests in “compelling conservation projects of 

the inspiring ecosystem or organism.”
13

 TBI encourages companies to participate through 

the logic of enlightened self-interest: company contributions are often publicized to 

“highly receptive mass audiences through multiple media venues” in a way that 

circumvents the need to resort “to the artifice of advertising” (I4C Prospectus 2010). TBI 

ensures, however, that contributors can consider their investment in nonhuman habitats a 

philanthropic or a marketing expense. Moreover, the projects in which companies invest 

can also serve the dual purpose of meeting carbon-offset responsibilities and can also 

“benefit employee morale, productivity, and ultimately the company’s bottom-line.” 

Giving back in this way is apparently beneficial to all.  

 

3.5 Re-Worlding an Interspecial Movement through Mimesis 

If rethinking the foundations of human-nonhuman relations enables us imagine 

the world’s becoming otherwise—its “autre-mondialization” to return to Haraway’s 

formulation—what kind of world then do the transformations inaugurated by this 

                                                
13

 There are four avenues for investment: the “Inspiring Organism Fund” through which TBI 

purchases habitat areas of inspiring organisms; the “Ecosystem Fund” through which TBI invests 

in conserving inspiring ecosystems; the “Biodiversity Fund” which is used “in cases where the 

organisms that inspired a particular innovation is abundant and not endangered”; and the 

“Nature’s 100 Best Fund” which identifies “the most promising of Nature’s technologies that 

humans can emulate to solve the most pressing sustainability challenges” 

(biomimicryinstitute.org). 
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biomimicry movement inhabit? If Benyus’s vision of our biomimetic faculties is 

thoroughly compatible within economic measure and her organization appeals to profit 

potential as a means of defining its validity, how far does biomimicry take us toward 

creating new “universes of value”? Having shown the intimate connections between the 

Biomimicry Institute and corporate capitalism, the answers seem clear: not very far. In 

the drive for mass appeal, the path chosen for biomimicry’s expansion does little to 

challenge the social and even ecological relations that characterize contemporary 

production. Rather it reifies them. Consider again Hawken et al.’s utopic vision of a 

biomimetic future: instead of a reconstitution of contemporary forms of value, it entails a 

revaluation of natural resource wealth as capital. The problem for them is not how we 

value life, but that life has not been sufficiently incorporated into capitalist production. If 

industrial and post-industrial capitalism produce an unsustainable world, it is only 

because “it neglects to assign any value to the largest stocks of capital it employs—the 

natural resources and living systems, as well as the social and cultural systems that are 

the basis of human capital” (Hawken et al 1999: 5). Hawken et al. value environmental 

services at $36 trillion annually, and “somewhere between $400 and $500 trillion” total. 

They therefore argue that placing value—monetary value—on “such unaccounted-for 

forms of capital” is necessary to promote “responsible stewardship and prosperity” 

(ibid.).  

These visions and practices seem a far cry from attempts to “revolutionize” 

communities, subjectivities, and value systems. Instead, the potential of biological life is 

incorporated into measures of exchange, valued in and through its ability to offer novel 
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means of profit generation for corporate entities. Ultimately, TBI and TBG celebrate 

biomimicry’s potential as a framework for “greening” industrial capitalism.  

Is there a problem with such an application of biomimicry? The efforts of TBI and 

TBG have certainly expanded the production of more efficient and ecologically 

sustainable technologies. Biomimetic technologies promise considerable reductions in 

CO2 gas emissions, energy use and waste, and it provides a viable means through which 

to transition away from the toxicity of “heat, beat, and treat” models of production. All of 

this suggests very material and meaningful transformations that may help us  avert future 

ecological catastrophe. Biomimicry in this view promises a more lasting and sustainable 

future. But in this future world “life” is not all that is sustained: existing social relations 

also remain intact. Only now the social sphere has been expanded. Where we now value 

human life primarily in terms of labor—that is, its use value for capital—a future of 

biomimetic capitalism similarly values all life for its capacity to be put to work. 

Accordingly, any promise that biomimetic production will constitute more “symbiotic 

relationships, much more mutualism, [and] much more cooperation” seem unlikely as 

biomimetic processes and products are enclosed and deployed as private property. The 

reduction of life to exchange value nullifies the stated potential of biomimicry to build a 

common future among humans and between humans and nonhuman others.  

To what, then, is the biomimicry movement’s apparent failure attributable? It 

would seem easy to blame the pro-growth and pro-technology positions of Benyus and 

others who advocate for our biomimetic future as part of the problem. Certainly, this 

would position us well within some of the more extreme strains of the environmental 



 112 

movement that claim we cannot transform our relationship with the earth without 

jettisoning our attachment to the technological trappings of civilization (see, for example, 

Zerzen 1994; Jensen 2006). But before we reject the present and embrace the “future-

primitive,” it might be useful to turn our attention elsewhere, again to the potentials of the 

mimetic faculty.  

As we have already seen, in contrast to rabid embrace encouraged by Caillois and 

Benyus, much has been written on the ambivalence of the mimetic faculty as a force of 

production. One finds a similarly cautionary stance in more explicitly political treatments 

of the subject, such as that of Walter Benjamin. While his view was similar to that of 

Caillois’s—namely that mimesis is not merely simulation, but its own method of 

production—Walter Benjamin nevertheless likened forms of mimesis to theft, arguing 

that mass reproduction in particular stripped objects of their original “aura,” and 

substituted “a plurality of copies for a unique existence” (Benjamin 1968 [1936]: 221). 

More recently, Michael Taussig (1993) has noted that mimicry can just as easily ground 

fascist, racist, and totalitarian ideologies as it can to generate a positive sense of alterity. 

Mimicry may be little more than a process among others that, to appropriate the words of 

folk singer Naomi Adiv, is like canning vegetables: capable of preserving tomatoes or, 

alternately, botulism-induced paralysis. Thus the biomimicry movement’s ultimate failure 

to imagine a world beyond capitalism may be nothing more than one expression of a 

process with many potential outcomes. 

But, there may be more reasons to be cautious of mimesis than its ambivalence 

and perhaps then we should attend more to the dangers of mimesis that I noted at the 
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outset for, as Nicole Shukin argues, rather than merely ambivalent, mimesis may be 

“wholly immanent” to biopolitical capitalism. For her, even the cautious celebratory 

appraisals of the mimetic faculty by Taussig and Benjamin express fetishistic tendencies. 

According to her account, what these writers have presumed to be an “unmotivated [and] 

innocent,” faculty, the product of “honest labor” is (or is always at risk of becoming) “a 

fetishistic resource of capitalism” (Shukin 2010: 51). To situate this claim, Shukin 

presents the emergence of the approbatory visions of mimesis amid the political events of 

the early and mid-twentieth century in which Caillois, Benjamin and others (particularly 

a number of Frankfurt School theorists) wrote on mimesis. She identifies the period as 

one in which intellectuals were “seeking a way out of the claustrophobic advance of 

European fascism, on the one side, and the reifying powers of commodity culture on the 

other” (Shukin 2010: 57). As a “repository of prediscursive or ‘primordial reason’” 

mimesis provided, according to Shukin, an imagined exit route from the prevailing 

political tendencies in Europe at the time by presenting alternative forms of social and 

political organization.
14

 What these twentieth century theorists failed to foresee was 

capitalism’s adaptability, its capacity to take on any form, through a mimesis of its own. 

For Shukin, Caillois’s work “lends itself dangerously well to hegemonic forces in the 

current moment, a moment in which mimesis is increasingly subsumed into the service of 

capital through a discourse of species” (2010; 171). As Shukin argues, the mimetic 

faculty has not only provided ground for the “becoming-animal” or “becoming-other” of 

humans, but also for the becoming-animal and becoming-nature of capital. In her analysis 

                                                
14

Shukin’s account present a surprising inversion of Kafka’s “A Report to an Academy,” which 

featured a chimpanzee who mimics human forms of life as “a way out” of captivity (Kafka 1995).   
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of advertising campaigns featuring animals that mimic human consumption patterns, 

Shukin describes their presentation of capitalist consumption as a “biological 

compulsion” and a “force of nature rather than an effect of power” (ibid.).  

We may say much the same of biomimicry: rather than inspiring alter-

subjectivities, biomimicry may be better suited to formulating “as a biological 

compulsion what is in effect the market’s reifying drive to convert all nature into capital” 

(Shukin 2010: 58). This not only renders impotent any argument that might question the 

legitimacy or value of the capitalist mode of production (it’s only natural!), but also 

serves to produce new resources for extraction as nonhuman potentials are re-embodied 

as fetishized commodities.  

But this is only the tip of the iceberg, as biomimicry may also point to deeper 

trends in the ongoing relation between capitalist production and “life.”  

 

3.6 Trans-species subsumption 

An axiom will be found even for the language of dolphins. 

-Deleuze and Guattari 1983: 238 

 

They use everything about the hog except the squeal.  

-Upton Sinclair 1905 

 

Shukin leads us through the history of industrial rendering—the processing of lard 

from the by-products of slaughter—in order to illustrate how interspecial relations and 

their well-defined hierarchies are implicated in capitalism’s progression from what Marx 

referred to as the transition from “formal” to “real subsumption.”
 
For Marx, formal 

subsumption can be understood as the incorporation of place, things, and populations into 
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production governed by wage relations. It is the moment in which living labor is 

systematically alienated; when its means for reproduction become something other than a 

means in itself. As Marx noted, this is when living labor stops serving the purpose of 

“engendering life”, but becomes instead a means to existence. That is, “life” becomes 

oppositional to “work.” Formal subsumption is also the moment when the surplus of 

living labor is no longer channeled back into enhancing the lives of laborers, but is 

appropriated instead for the accumulation of capital. Formal subsumption thus marks a 

division of time: time of production becomes distinguished from the time of 

reproduction. During the time of production the capitalist harnesses the surplus produced 

by the labor of the worker. With her wages, the worker must then buy back that surplus 

as a consumer (consuming, essentially, the product of another’s labor) during the time of 

reproduction. At each moment of these transactions, that surplus is funneled into the 

accumulation of capital. And, each moment is an expression of the fact that the 

transformative power of living labor has stepped outside of life and has become a means 

to an end rather than a means in and of itself.  

Within real subsumption, however, labor’s appropriation and exploitation exceed 

these temporal limits, collapsing reproduction within production. No longer is only the 

surplus of waged labor exploited by capitalism; the surplus of “life itself” is now 

productive for capital. This then means that the time of production and the time of “life” 

are no longer so easily divided. Class divisions are similarly confused as the individuals 

who manage the surplus and those who produce it become considerably more difficult to 

differentiate. Under these conditions, surplus labor (or surplus life) is appropriated and 
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exploited without needing the worker’s permission.  The wage relation still exists and 

operates in the same brutal ways as before, but institutions of capitalism profit from the 

social relations, subjective formations, and creative activities that take place outside of it 

(Marx 1973). 

In her analysis of rendering and subsumption, Shukin turns toward the early 

writings of Antonio Negri to describe the accounting of this procedure. Negri’s work on 

real subsumption, which he considers to have been made material in the late twentieth 

century, highlights the importance of time and temporality in Marx’s characterization of 

late capitalism. For Negri, real subsumption names an era in which all times are subject 

to the time of measure and exchange value, when living labor is no longer alienated in the 

same ways that it once was: instead of a means to a “life,” labor (again) becomes a means 

in itself, one that is fully subsumed and exploited by capitalism. Institutions of capitalism 

profit from every aspect of the fundamental qualities of life that humans hold in 

common—its potential power of transformation. It no longer needs to deprive life of its 

life-engendering qualities in order to profit from them.
15

 The transformative potential of 

living labor no longer exists as a means to life, but is subsumed as a means to capital’s 

expansion. For Negri, this means that all time has become labor time, reducing both—

time and labor—to the same tautological system of measure.
16

 There is and can be no 

                                                
15

 That is, in some places and not others. While Negri’s characterization is apt for much of the 

developed world, conditions of real subsumption arguably necessitate vastly different conditions 

elsewhere—conditions within which bodies labor that are a far cry from “life engendering.” The 

point here, however, is that capitalism profits from many forms and conditions of life and labor.  
16

 To explain further, there is a passage in the beginning pages of the so-called “Fragment on the 

Machines” of the Grundrisse where Marx develops the notion of real subsumption that I think 

adequately explains the incorporation of hopeful forms of biomimetic production. In it, he writes 

that in the production process, capital  “consumes itself” (Marx 1973: 690). That is to say, the 
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outside, no way out, and no sure-fire method through which we can create one.  

To Negri’s account, Nicole Shukin adds the productive potential of animal 

species, which are similarly reduced in an era of real subsumption “to the substance of 

exchange value rather than idealized as an ontology transcending the social relations of 

capital” (79).
17

 She turns also to the work of ecological socialist Martin O’Connor who 

theorized the relationship between real subsumption and ecological life, suggesting “the 

relevant image is no longer of man acting on nature to ‘produce’ value, henceforth 

appropriated by a capitalist class. Rather it is of nature (and human nature) codified as 

capital incarnate” (O’Connor 1994, quoted in Shukin 2010: 80).  

For Shukin, the industry of rendering becomes both an important metaphor for 

and active participant in this process. By creating a closed loop system in which animal 

waste is food (both in the literal sense and in the sense of food for capital), the rendering 

industry exemplifies production in the time of real subsumption—a time in which there is 

                                                
materials and mean of production that are transformed by labor have already been rendered in 

capital’s own image. If in the process of formal subsumption labor transformed materials external 

to the processes of production transforming them into commodities and thereby rendering them as 

the products of capitalism, those materials can no longer be said to exist as such. The processes of 

labor now consume and transform materials that have already been digested (conceptually or 

materially) in a process of capitalist production as things are encountered as potential resources 

for capita.  
17

 It is important to note that Shukin exposes one of a number of limitations in Negri’s primacy on 

living (human) labor as the sole bearer of the effects of capitalist subsumption as well as the sole 

constituent of its potential overcoming. In Time for Revolution, Negri makes this move--of 

extracting living labor as an autonomous and solely human force--often. He puts it perhaps most 

succinctly  when he calls the intellect and the brain the “sole tool of post modern production” and 

reduce’s Marx’s notion of the general intellect to  “linguistic bodies” and that this is “the 

biopolitical context of life.”  In effect, Negri cordons off the common as one for human species 

only. Shukin does a tremendous job of disabusing his theory of real subsumption and tautological 

time from this rather large lacuna, so I needn’t repeat her efforts here. However, in so far as the 

field of biomimicry transforms all bodies and functions into information for capital, it, rather than 

the rendering industry, perhaps does a more thorough job of illustrating the importance of 

nonhuman life in the constitution of the “general intellect.” 
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no outside and all forms of life (and death) become potentially productive for capital. 

Within an era of real subsumption, then, nonhuman life must also be understood as 

already internal to the operation of capitalist production. By incorporating the very 

survival of the earth and all forms of life available on it within capitalist measure, the 

reproduction of capitalism becomes synonymous with the reproduction of organisms on 

the earth.  

But what of the subjective transformations of “the human” in relation to 

nonhuman life spoken about by Benyus? What of the work of Haraway’s interspecie 

subjectivities or the fruits of “co-opting strangers” and re-tying knots of multi-specie 

living? These transformations too are (sadly) well-suited to the conditions of real 

subsumption. Indeed, rather than celebrate the dismantling of human and nonhumans 

through processual becomings, Shukin, by way of O’Connor, warns that we ought to be 

wary of the production of nature as an equally participatory subject in production. 

O’Connor’s writings suggest that a time in which “capital is nature and nature is capital” 

also requires the “discursive production of nature as a participatory subject” (ibid.: 81). 

The danger is that in deflating the human, all of life—human and non—is viewed through 

the lens of its potential exchange value for capital, not as a passive object for 

appropriation, but a willing one.  

Therefore, rather than elevating the nonhuman, or eliminating a violent 

hierarchical divide, the discourses of the biomimicry may simply make all forms of life 

equivalent, but only through the measure of exchange. Moreover, within this frame not 

only are already known forms and attributes of life subject to economic measure, but all 
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potential forms and functions of life as well—material and immaterial. By turning to 

animal life as material for inspiration and innovation (rather than merely consumption), 

every aspect of life—including its as yet unrealized potentials—becomes employable, 

from the language of dolphins to a hog’s squeal. 

This also has implication for how we think of human-nonhuman forms of 

cooperation, communication, and other “infoldings.” As forms of life fall under this 

regime of measure, so too do the times in and through which we interact with them. 

Rather than producing spaces outside of the times of capitalist production, every 

moment—including a child’s “large blocks of unstructured time for making mud pies and 

finding nests, for acting on the fascination with nature that is part of our reptilian 

mind”—become moments in which innovation for capital can be produced, in which 

exchange value can be made and accumulated. Every moment become exploitable. The 

trans-species subjectivities produced in the constitution of biomimetic practices therefore 

emerge not as “unruly” or as a challenge to dominant order production or even human 

domination. Instead, they simply become entrepreneurial. Rather than producing space 

for the emergence of Haraway’s “autre-mondialization,” the biomimicry movement 

seems to have eliminated them by rendering all forms of life immanent to capitalist 

production.  

For all her talk of creating “a parliament of 30 million,” this does not appear to be 

Benyus’s intent. In her writings and in her lectures, Benyus expresses a desire not to 

escape the conditions of the present mode of production, but to radically transform 

them—by shifting the narratives we tell about ourselves and about nonhuman life thereby 
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transforming the metrics we use for measuring value. Benyus’s work amounts to a heart-

felt appeal to an outside, an external system of production whose fitness is measured in 

its capacity to “create conditions conducive to life” rather than the abstraction of 

exchange value. Just as scholars of mid-twentieth century Europe turned to the “magic” 

of the mimetic faculty as a means of thinking a way out of an increasingly tight space 

between fascism and the expanding forces of capitalism, Benyus’s writings express a 

similar condition. This time, mimicry serves as an escape valve from a global ecosystem 

in increasing jeopardy and the mode of production that placed it at risk. Fetishized here is 

not only the mimetic faculty, but also the evolutionary faculties of organisms that 

mimesis is meant to capture. Benyus’s narrative of biomimicry—the presumption that to 

produce like nature will naturally produce  “conditions conducive to life” found within 

nature—constitutes an awkward reappraisal of evolutionary theory
18

 in which the 

efficiency and eco-sensitivity of every feature and function in nonhuman life evinces the 

“wisdom” and “genius” of the same. Again, the results are roughly the same. Rather than 

rendering exchange value subordinate to ecological value, TBI, TBG, and other natural 

capitalists along with them have only succeeded in expanding capitalist value, inserting 

the rule of measure and the teleology of capitalist time everywhere, applying it not only 

to things as they are, but as they might emerge. Biomimicry thus opens the door not for 

the fixing of animal life or lives as products of capitalist production, but rather for its 

potential to be harnessed in any form. Indeed it creates the ground for economic measure 

to be applied to any function of animal life that manages to present itself as relevant to 

                                                
18

 Awkward particularly given that routine appraisals of evolutionary theory (and ancient 

appraisals of life as such) prop up the notion of “intelligent design” and “wisdom in the 

universe.” 
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extant material and social conditions. It creates the pathway for the transformative 

potential of life—nothing more and nothing less, configured as human labor potential as 

well as nonhuman evolutionary potential—to be perpetually mapped by the contours of 

capitalist accumulation. We may then consider real subsumption to be synonymous with 

the expansion of biopolitical power. As Jason Read writes of real subsumption and 

biopolitics, biomimicry may serve only to “increase productivity while at the same time 

reducing the condition and causes for revolt” (Read 2003: 141) by equating capitalist 

production with all forms of production, thereby naturalizing it.  

The situation, it would seem, is dire. But there may yet be revolutionary potential 

embodied within biomimicry’s practice. Shukin, again following Negri, locates in the 

historical event of real subsumption a radical potential to transform human and animal 

relations in the constitution of a form of communism rather than the continuation of 

capitalist accumulation. In Negri’s writings (alone and in his work with Michael Hardt), 

real subsumption and the biopolitical regimes of power that have accompanied its 

emergence are given a positive valence as they make the connected conditions of being 

(and becoming) of all classes and all subjects obvious.
 19

 Even more, real subsumption 

also makes clear that what we constitute with our re/production is life itself. This, 

according to Negri, makes apparent the increasing autonomy of production from the 

apparatus of capitalism. He sees in real subsumption a moment in which capital’s 

incorporation of all aspects of life can be turned on its head, rendering capitalism 

                                                
19

 For Negri, the moment at with all life is subsumed in politics and all that is political is 

biopolitical is homologous to real subsumption and accompanies it. Like Marx, Negri recognizes 

the entwining of economic and political interests and the requirement of political organization for 

capitalist production; the two are mutually serving. 
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subsumed by the conditions of life’s production.
 20

 Shukin again argues that attending to 

the real subsumption of nonhuman life here too is essential:  “an alternative to market life 

hinges not only on recognition of the constitutive time of subsumed labor but also on the 

constitutive time of subsumed nature” (Shukin 2010: 78). For her, the moment in which 

nonhuman life fully becomes subject to the history of production, “there arises the radical 

possibility that nature might be produced differently, as the ‘collective substance’ of 

communism” (Shukin 2010: 83).  

For Negri as well as for Shukin, this is, admittedly, a halting positivity. While 

Negri proposes that real subsumption could appear to “be the ‘extinction’ of capital in 

society,” he also recognizes that at present this “is not so” and that the material and 

immaterial violence of capitalism and its attendant hierarchies (among humans and all 

forms of life) persist (Negri 2003: 238). Accordingly, to encourage the overturning of 

capitalism, Negri encourages disobedience “from participation in measure,” the active 

formation of unruly subjectivities and forms of production incommensurate with capital’s 

rendering all life equivalent under the measure of exchange value.
21

 And, again, Shukin 

reminds us of the fundamental role played by nonhuman animal life in the recognition of 

this potential. That is, animals ought to be considered in building forms of struggle 

against the seemingly endless march of capital’s accumulation, for, she argues, “only 

when the multiplicity of nature is counted among these antagonistic subjects—only when 
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 I am regularly reminded here of Michel Serres’s discussion of parasites in his book of that 

name. When it comes to parasitism, it often difficult to know who is the host and who is the 

parasite. This seems to be Negri’s argument as well. 
21

 The conditions for disobedience from participation in measure are, for Negri, identifiable by 

the word “love,” the condition of life that is truly beyond measure. I take up the issue of love’s 

political potential in chapter five. 
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the residual humanism of giving a human multitude all of the production credits for the 

immanent constitution of life worlds is contested within the praxis of communism 

itself—is it possible to truly do justice to the hope of realizing life as a collective 

substance” (83).  

 

3.7 The Evolution of Unrule 

In achieving an “autre-mondialization” in which nonhuman life is indeed 

produced as the collective substance of communism, biomimicry then still offers the 

potential to play a pivotal role. But perhaps by offering up not nature’s genius, but its 

flaws. In an interview with leading biomimeticist Jake Rich, he reminded me to return to 

Steven Vogel's book Cats' Paws and Catapults. Like Benyus, Vogel has been heavily 

influential in the development of biomimicry and biomechanics in particular, but within 

the world of academic research. His book explores the homologies between nature and 

the mechanical world, comparing the operational capacity of natural objects with that of 

technological ones. His account of this homology is limited to the language of biology 

and engineering. His Cat's Paws and Catapults, written for the popular press, came out in 

1998, only one year after Benyus's Biomimicry. Its reach has been considerably smaller, 

however, with a considerably lower citation count.
22

 Throughout the book, Vogel 

persistently reminds his readers that while nature produces elegant and beautiful designs, 
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 Google scholar is not necessarily an accurate measure of this, but its citation count offers what 

is a least a rough indication of the difference between the readership: Benyus's /Biomimicry/ has 

reported by cited by 475 other texts, while Vogel's /Cat's Paws/ has been citied by only 84.The 

reason for this likely has much to do with the optimism of Benyus and the cautious pessimism of 

Vogel. Vogel is a skeptic of biomimicry even as he has been one of its pioneers. He offers no 

silver bullets for technological design nor for sustainable production. . 



 124 

they are seldom optimal or efficient. Nonhuman life does not generate forms of life by 

engineering them. Rather, according to Vogel, it operates by generating variability. 

Evolutionary change takes place when certain variants are passed to the next generation: 

"this thoroughly stupid process of natural selection can generate results we'd hardly 

characterize as progress" (Vogel 1998: 22). He proceeds to refer to the evolutionary 

process as “a tinkerer rather than a proper designer, a perpetual modifier rather than a 

creative innovator" (ibid.: 27). Natural selection, then, is perhaps best read not as a drive 

toward optimal performance, but the genetic expression of bricolage: a process through 

which organisms “make do” with their genetic heritage and their contemporary 

environmental conditions. The results are often far from optimal and they do not 

necessarily create conditions conducive to all forms of life.  

Janine Benyus appeals to nonhuman forms of life as a means of generating new 

parameters of worth and value in production. She turns to evolutionary processes in order 

to produce that new meter, a measure of value that can serve as a substitute for exchange 

value. That is, she assumes that we can substitute the use value of nature for that of 

human production. But, as Vogel’s text repeatedly points out, evolution provides no 

definitive framework upon which to establish a coherent set of value conditions, no 

“authentic” form of measure by which to judge the appropriateness of production. 

Moreover, exchange value is already too compelling: to parrot Isabelle Stengers, it alone 

is capable of “radically aligning disparate practices and values…for it is radically 

indifferent to whatever binds them and is itself bound by nothing, even its own axioms of 

the moments, which have nothing at all [to] do with requirements or obligations” 
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(Stengers 2010: 74).
23

 It is for this reason that Negri (along with Shukin) offers no 

alternative conditions upon which to base a new system of value production, but only 

encourages the production of the immeasurable, the unaccountable and forms of life that 

refuse to actively participate in the measure of exchange value and become another 

axiom for capital’s accumulation. This is perhaps wherein the conditions to radically 

transform production might actually begin to draw productively on a biomimetic 

framework. If evolutionary processes are capable of generating the conditions for the 

emergence of what is useless, unproductive, inefficient for capital, but nevertheless 

elegant and beautiful and, most importantly, reproducible, it might offer some lessons for 

and affiliations through which more “unruly” trans-species subjectivities might expand.  

The next chapter explores a group of biomimetic scientists who tread dangerously close 

to producing such kinds of “unruly” trans-species subjectivities. 

                                                
23

 This notion of indifference is slightly different than accounts of capitalism’s relationship to 

species being as one, not of indifference, but of predation. Dyer-Witheford, for example, 

maintains, that “the world market attacks species-being by appropriating and privatising the 

collective, co-operative forces that change species-life (through corporate control of new 

technologies); fundamentalist reaction attacks species-being by forbidding and repressing the 

changes in species-life that collective co-operation enables” (Dyer-Witheford 2004: 13). 

“Indifference” in this sense is not about attacking life by imposing upon it economic exchange 

value, but is rather about the flexibility of a system in which anything can be rendered equivalent 

and exchanged through the creation of a universal equivalent (i.e. money). 
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Chapter 4. Bees 

 

Engineers usually know what they are committed to achieve  

-Stengers (2008: 99) 

 

In the previous chapters, we mapped the ways in which biomimicry redefines 

biological life in terms of its functional capacities and thereby renders its forms newly 

digestible within the logics of capitalism and geopolitics. Through that redefinition, 

biological life (or at least some idea of it) was incorporated within an already existing 

technological and institutional framework of government agencies, nonprofit institutions 

and for-profit corporations. As these stories reveal, biomimeticists are more than ever 

capable of integrating knowledge of animal bodies and biological life within 

technological frameworks for post-industrial production and the interests of the security 

state. But this tells us very little about the conditions within which they make biomimetic 

technologies or the multiple histories that are worked into—or worked out of—

biomimetic practices. That is, I have yet to shed much light on how practicing 

biomimeticists suture together different forms of life to render them productive. This 

chapter will begin to do so, turning our attention to the early days of the RoboBee project, 

in which scientists of different backgrounds came together to develop a colony of robotic 

bees by reengineering their productive capacities. This is a story of the relationship 

between mimicry and purpose; aleatory encounters and scientists who slide in and out of 
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consonance with their stated goals. As the story unfolds, it becomes clear that the goals 

and directions of biomimetic research are both essential and fraught. The story of 

RoboBees highlights the fragility of circuits of biological and technological 

transformation or the means through which they are brought—by scientists—into 

coherence and, subsequently, valued in the contemporary moment. I will begin (again) 

with the animal in question. 

 

4.1 The Purpose of Bees 

Emulating bees is nothing new. Vergil and Shakespeare both lauded their 

organizational and productive virtues. French Revolutionaries of the eighteenth century, 

Anarcho-Communists of the nineteenth century, and trade unionists and queer theorists of 

the contemporary moment have all praised bees for their seemingly egalitarian social 

structure (see Preston 2004). These acts of bee mimicry value bees for their social, rather 

than individual lives. Una apis, nulla apis, so the Latin aphorism goes: “one bee is no 

bee.” The saying defines bees, but it also reminds us that we should see ourselves 

similarly, as social organisms, encouraging us to adopt and emulate the communal 

nature—the essence—of bees.  

Our relationship with bees goes well beyond the symbolic, however, and what 

beehives build humans have long felt entitled to take. Evidence of bee cultivation extends 

back over 4,000 years and through it, we have rendered bees productive of human life. 

From them, we process honey, beeswax, royal jelly, mead, and medicinal treatments. 

They are made to transform the material of pollen into honey not for themselves, but for 
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human consumption and circuits of commodity production.  

But our relations with bees run deeper still. Human life—at least the forms of 

human life to which we are accustomed—is indebted not to the products of beehives, but 

to its processes. Through pollination, bees directly engender human reproduction 

alongside their own. In doing so, bees have enabled the cultivation of foods central to the 

development of civilization as we know it: nearly all fruits and many vegetables, 

seasonings, and nuts require annual pollination to flourish. Today, one third of the food 

stock in the US comes from these flowering perennials, amounting to over 90 flowering 

crops.  

Wild or even locally raised domestic honeybees cannot support this scale of 

agricultural production (Schacker 2009).
1
 Accordingly, domesticated bees must be 

distributed to farms around the country for pollination every year. The American 

Beekeeping Federation estimates that there are 2.4 million honeybee colonies in the US, 

1.5 million of which make annual trips across the country on the backs of eighteen-

wheelers. According to the United States Department of Agriculture (USDA), 

commercial pollination is responsible for $15 billion in added agricultural value.  

As Jake Kosek describes in his work on the relationship between bees and empire 

in the twenty-first century, we have reengineered bees to better serve our needs as 

pollinators. We have transformed their social organization, shortened the length of their 

hibernating season and the length of their lives. We have made bigger, more visible, more 

docile bees (Kosek 2010). These are bees “so bound to industrialism [and] modern 

                                                
1
 The almond crop alone requires 1.3 million colonies (USDA 2007). 
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capitalist agricultural production” that we can scarcely refer to them as “nonhuman” 

(Kosek 2010: 671, ftn. 2).  

 

4.2 In the absence of bees 

Although we have done our best to reengineer them, honeybees seem no longer 

suited to the demands of contemporary agricultural production. Between 2006 and 2010, 

Colony Collapse Disorder (CCD) wiped out close to 40 percent of the commercial bee 

population in the United States and 30 percent of the global population annually (CCD 

Steering Committee, USDA 2010; Cox-Foster and van Englesdorp 2009). While large-

scale losses of bee populations are a common recurrence throughout beekeeping history,
2
 

the mortality rates of Colony Collapse Disorder eclipsed all of them. And we are more 

reliant on domesticated honeybees than we have ever been in history. Book titles such as 

A World Without Bees, A Spring Without Bees, and Fruitless Fall each catalogue the 

threat: if CCD continues to trim annual bee populations and result in a much feared, 

“beepocalypse” much of our diet would be limited to wheat and corn (Benjamin and 

McCallum; Schacker 2009; Jacobsen 2009). Indeed, a massive die off of commercial 

pollinators would place national and global food security—even civilization as we know 

it—at risk (ibid.). As the narrator of the PBS documentary Silence of the Bees forewarns, 

this “seems an impossible scenario, from a dark future” (Silence of the Bees, 2007). 

As we await this catastrophic future, biologists and entomologists trying to 

                                                
2
 For example, Hugh Raffels documents the nosema apis outbreak that ravages German hives 

during the Third Reich. In this history, the potential collapse of bee populations saves the life of 

“mishcling” etymologist Karl Von Frisch. In a remarkable interweaving of events, Frisch would 

later go on to decode the language expressed in the dance of the bees (Raffles 2010). 
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identify the root causes of colony collapse disorder write of what appears to be an equally 

dark present. They have yet to identify a single “smoking gun” that explains away the 

missing bees. In its absence, scientists agree that cause of CCD is not singular, but  rather 

“a syndrome of stress,” resulting from a combination of ‘natural’ bacterial and fungal 

parasites, pesticide exposure, malnutrition caused by a diet of monocrops supplemented 

with corn syrup, and other stress factors and immune suppression likely stemming from 

their regular shipment to farms across the country. 

 

4.3  From Bees to RoboBees 

In March of 2007, as the subprime mortgage industry was beginning to collapse 

and financial markets were growing increasingly volatile, humorist Stephen Colbert made 

recommendations for how to select reliable and lucrative sites for investment. Rejecting 

stocks, bonds, and gold as too “risky” Colbert ultimately recommended hoarding bees. 

The spread of Colony Collapse Disorder had driven demand for bees up as the supply 

was disappearing and, as we all learn from economists, “the fewer there are, the more 

they’re worth.” Attracting bees with canned frosting and hiving them off into a safety 

deposit box was, according to Colbert, a “guarantee” of future wealth. In a public 

meeting on October 9, 2009, computer engineer Wu Rui Bao jokingly approved of 

Colbert’s analysis. However, he did not agree that hoarding was the best way to ensure a 

secure future in the midst of a bee shortage. Instead, as the cause and subsequent solution 

continued to elude scientists, he suggested that we ought to consider technological 

innovation as a means of countering the CCD threat.  
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It was in this context that Wu Rui Bao suggested to his colleague Erick Philip that 

they write a grant proposal to the National Science Foundation’s Expeditions in 

Computing program to develop machinic technologies that would reduce our dependence 

on bees and, subsequently, avert a potential catastrophe in agricultural production. Wu’s 

lab at Harvard worked on developing high efficiency computer circuit technologies. The 

idea for RoboBee came to fruition one morning after Wu had read something “about this 

Colony Collapse thing on the web somewhere.” Having convinced Philip of the project’s 

merits, they recruited nine other researchers to take it on, with Philip taking lead as the 

Primary Investigator. Their proposal was successful. The NSF provided the team $10 

million dollars over a 5-year period, hoping—at least nominally—to provide what 

they’ve called a “stop-gap measure” should bees populations continue to decline.
3
 The 

aforementioned October 2009 meeting announced the project and introduced 

participating researchers and their respective contributions. Wu laid out the project’s 

broad objectives in his introductory remarks at the event. Citing the “amazing 

collaboration that bees are capable of” he said that the scientists and engineers involved 

in the project wanted to “get inspiration from this biology and from these bees.” This was 

the stated purpose of the project: copying forms of bee life to replicate their role in the 

process of pollination. RoboBee promised to save civilization from pending collapse.  

 

4.4  Of Purpose and Production 

 When I first learned of the RoboBee project and the objectives of researchers 

                                                
3
 As one researcher put it, the Expeditions in Computing grant is the “crown jewel” of funding in 

computer science. It is also one of the biggest grants offered by the NSF.  
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wanting to reengineer bees for pollination, my mind immediately drifted to Marx’s 

famous distinction between human and animal life, which he draws, as Kosek notes, “on 

the back of the bee” (Kosek 2010: 669). Patently ignoring their role in circuits of 

production and consumption, Marx seemed to dismiss bees’ contributions to the world by 

arguing that a lack of imagination rendered them not “producers” but merely “animals.” 

Homo Sapiens are the sole species that, for Marx, exhibits purposeful labor:  

 

A spider conducts operations that resemble those of a weaver, and a bee puts to 

shame many an architect in the construction of her cells. But what distinguishes 

the worst architect from the best of bees is this, that the architect raises his 

structure in imagination before he erects it in reality. At the end of every labour-

process, we get a result that already existed in the imagination of the labourer at 

its commencement. He not only effects a change of form in the material on which 

he works, but he also realises a purpose of his own that gives the law to his modus 

operandi, and to which he must subordinate his will (Marx 1978: 66).  

 

Animals may harbor transformative capacities; they may perform what we think of as 

“work.” But, for Marx, their labors are not mindful. Accordingly bees and other living 

things—even those that seem to labor in the service of human production—are 

understood as nothing more than passive instruments to be enrolled in human projects. 

Directing their labor toward an end product, humans, on the other hand, bears witness to 

the culmination of their work first in the mind and second in reality. This is a process that 
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“demands that, during the whole operation, the workman’s will be steadily in consonance 

with his purpose” (ibid.). While animals are subordinate to their embodied needs and 

instinctual drives, humans are subordinate to this purpose, which elevates their 

production to social and political activity. 

In the previous chapter, we explored the potential of mimesis to disabuse us of 

this kind of human exceptionalism. Grounded in the production of trans-species 

subjectivities and the elevation of animal life through practices that would rearticulate 

what it means to be human, theorists and biomimetic advocates gave what they 

considered a revolutionary valence to mimesis. From a different direction, recent work on 

“thing studies” and Actor Network Theory or “assemblage studies” similarly erodes 

Marx’s neat distinction between human and nonhuman forms of production. These do so 

not through an appeal to subjectivity or psychology, but through rewriting of our histories 

of production in such a way as to destabilize the power of human purpose and, 

subsequently, decenter the human (see, most notably, Ingold 1982; Delanda 1991, 2006; 

Mitchell 2005; Latour 2007; Bennett 2010).  

Exemplary in this regard is Timothy Mitchell’s essay “Can the Mosquito Speak?” 

(2005). In his account of dam construction in post-colonial Egypt, the proliferation of 

malarial mosquitoes proved to shape the trajectory of Egyptian history more forcibly than 

that of engineering “experts” who presumed that their techniques of technocratic 

management would offer Egypt the means toward industrial development. Through the 

account, Mitchell demeans the “rule of experts,” as mosquitoes thwart their constructive 

intentions. 
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Jane Bennett’s The Vibrancy of Things similarly calls into question the notion that 

things are passive objects until taken up and remade by human hands. Drawing on 

Deleuze and Guattari as well as Bruno Latour, Bennett extends “life” and liveliness not 

just to living things, but also to all matter. In her accounts, food, metals, stem cells, and 

worms all come to contribute to the generation of meaningful events. As Bennett writes, 

we ought to do away with the notion of humans (or capitalist structures) as the primary 

agentive actors: when we turn our attention to the whole of an assemblage we find that all 

of its “member-actants” are “vibratory”: each “can form new sets of relations in the 

assemblage and be drawn toward a different set of allies” (Bennett 2010: 35). Bennett 

presents us with nonhuman matter that is productive (or, like Mitchell’s mosquitoes, 

powerfully destructive), transforming social and political architectures not by way of 

human purpose, but through dynamic instabilities and heterogenies that constitute the 

movement and persistence of all things. As a result, human life quite literately loses 

control. Ultimately, her writing is a call to avoid anthropocentrism, capital-centrisms, 

even biocentrisms as a means of opening up our sense of what is vital and productive. 

Like Benyus, Bennett seeks to reduce the distance between human and nonhuman 

actants, to disrupt narratives of human hubris, and to “promote greener forms of human 

culture and more attentive encounters between people-materialities and thing-

materialities” (Bennett 2010: x).  

Bennett’s accounts of life and politics are highly contentious. While seeking to 

give voice to those who “try to linger in those moments in which they find themselves 

fascinated by objects” such that they might “treat nonhuman animals, plants, earth, even 
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artifacts and commodities…more carefully, more strategically, more ecologically” (17-

18), such a position risks eroding our notions of human agency and threaten to delimit 

our capacity to enact political, social, and even technological change. In this chapter, I 

follow Bennett in part, questioning the distinction between human labor and all other 

forms of creation. But rather than returning to the force of bees, I want to pay closer 

attention to human production, noting where and how narrative of intention and purpose 

in the construction of robotic bee colonies are perhaps not as forceful as they seem. 

There, these tensions resurface in slightly different form.  

 

4.5  Producing RoboBees 

The RoboBee project is sprawling. It drew together eleven university faculty, an 

independent researcher, and a host of graduate students and post-docs from the fields of 

electrical engineering, computer science, material science, applied mathematics, biology, 

and education. Biomimicry appeared at the heart of it both as a process and a purpose, as 

researchers meant to harness bee-abilities not to redirect their powers into other 

technologies (as in the case of RoboLobster), but to recreate bees in a robotic form. The 

team imagined that “nature-inspired research could lead to a greater understanding of 

how to artificially mimic the collective behavior and ‘intelligence’ of a bee colony; foster 

novel methods for designing and building an electronic surrogate nervous system able to 

deftly sense and adapt to changing environments; and advance work on the construction 

of small-scale flying mechanical devices” (ibid.). Figure 4.1 depicts the proposed device, 

featuring a combination of already existing and as-yet-imagined components that the 
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scientists hoped to suture together to form the robotic bee.  

  

 

To achieve this, the collaborative organized themselves into three discrete groups that 

would address the many challenges presented by the project: Body, Brain, and Colony 

(Figure 4.2). The body group drew on previous robotic fly models developed in Philip’s 

Microrobotics Lab. With material scientists and electrical engineers, they worked to 

develop a compact high-energy power source that can be integrated into the machine. The 

brain collaborative worked to generate a sensory system that will function as the bee’s 

eyes and antennae and also control flight and coordinate decision-making. The colony 

group sought to mimic the behavior of bees so as to develop a series of algorithms and 

communication devices that would enable the machines to “talk” to each other and to the 

Figure 4.1: Diagram of the envisioned RoboBee device (courtesy of Harvard’s RoboBee 

project: http://robobees.seas.harvard.edu/).  
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“hive.”  

 

 

 

Figure 4.2: The collaborative’s  organizational framework  

 

 

 In the October 2009 public forum, Maurice Evans articulated the most coherent 

vision for how the collaborative would recreate the bees in robotic form and accomplish 

pollination:  “The vision of this thing is to autonomously go out and find flowers, 

pollinate the flowers and then return to the hive and communicate to others where the 

flowers are and repeat this cycle” (Evens lecture 2009). To do so the robotic bee would 

need to possess three functional components: a docking station or “hive,” where the bees 

would recharge their power and receive directions (referred to as “mission scripts”); a 
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population of scout bees that would look for and locate flowers using a light sensor 

attuned to the frequency of UV light emitted by the target flowers; and a population of 

worker bees who would be tasked with pollinating the flowers. The worker bees would 

need to have electro-static elements on their legs to attract the pollen. They would need to 

be programmed to hone in on the flowers, bump into them a few times, and then look for 

other flowers “until a timer tells it it’s time to get back” (ibid.). He speculated that the 

bees would also require acoustic buzz detectors “so that they don’t all crowd around one 

flower,” a compass to control heading and record directions, and an odometer to regulate 

and measure the distance between things. The hive would flash a UV beacon to attract the 

bees back home, where individual docking stations would be fit with “a little vacuum that 

will suck the pollen off [and] put it into a vortex mixer.” After recharging, the bees would 

be sprayed with the mixed pollen and head out on their next mission. But while Evans 

spoke for the collaborative, his vision would later meet with considerable contestation 

among its other members, revealing broader tensions regarding the biomimetic 

aspirations of the project. 

 

4.6  Evolution vs. Engineering 

“We don’t want to blindly copy nature.” The scientists repeated this phrase like a 

mantra. I understood it as a fear of vulgar reproduction, but it was also in part a drive 

toward efficiency. With it, they expressed a recognition that mimicking bees or other 

forms of nonhuman life was not the purpose of production. Bees may be a good model 

for flight and pollination, but they are not necessarily well-designed creatures. Take, for 
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example, their communication system. As John McEwan, one of the researchers from the 

Colony group, explained to me:  

The waggle dance is not an energy efficient means of communication. The 

number of joules that a bee has to consume in order to perform the dance is out of 

proportion with the information it conveys to other bees. If the bees had a 

radio...the information content per joule [would be] much much greater. There are 

times when an engineering solution really is the most efficient thing to do 

(McEwan interview, 2009).  

The phrase expressed a recurrent tension in the field of biomimicry as a whole, 

expressing a need to maintain a distinction between the processes of evolution and those 

of engineering. As one noted biomimeticist explained to me, “natural selection doesn't 

work on the perfecting principle; it works on the just good enough principle. Engineers 

when they build something often have a final goal. But evolution doesn’t.” He went on to 

inform me that biological evolution has no purpose, referring to it as “a tinkerer” and not 

“an engineer.” Tinkerers, he said, “never know what they'll make [in advance] and they 

use everything at their disposal to make something workable” (Roth interview 2009). The 

implication was that engineering was the product of knowledgeable, purposeful selection, 

the intentional extraction of certain principles of life for their reconstitution in “useful” 

technologies. This, then, was the goal of scientists on the RoboBee project. Not to 

recreate bees, exactly, but to extract from them certain principles of “bee being” that 

could be harnessed for their ultimate goal of replacing the bees.  

 As it turned out, there were three components of bee life that the scientists wished 
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to harness: flapping flight, visual capacities, and neurological structures. Yet, each of 

these techniques was not quite what it seemed. As I explored these goals, I found that 

each took us away from CCD and bees altogether, as bee-being was replaced by other 

histories, other animal bodies and other technologies. 

Referred to at times as the “final frontier” of flight technology (Wilson 2001), 

flapping flight is notoriously complicated.
 5
 Few projects have generated as much 

knowledge of its mechanics as the robotic fly that emerged out of a collaboration between 
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 Often, when I tell people that I write on biomimetic technologies, they respond by informing me 

that this is nothing new: that we have always looked to the natural world for technological 

inspiration. After all, they say, we wouldn't have planes were it not for birds and just look at 

DaVinci’s diagrams of a flying machine. While it is true that humans have long drawn on 

functions and architectures found in nature for inspiration, flight provides one of the best 

examples of how the field of biomimicry has been reconceived over the past twenty years. Planes, 

for example, are not biomimetic. It is true that they do stay airborne in the same way that birds 

do. Like birds, the shape of an airplane's wing creates a system of low pressure above the wing 

and high pressure below it, generating lift and the capacity to remain airborne. Airplanes and 

soaring birds both work on a physical principle known as "steady state aerodynamics." The 

similarities largely end there, however, with birds lacking jet engines and plane wings incapable 

of the flapping movement required for birds to generate lift. Accordingly, the analogy fails most 

definitions of both biomimicry and bio-inspiration. Biomimicry of flapping flight is desired 

because flight based on steady state aerodynamics does not scale down: a small, light object has 

more trouble navigating air turbulence than a large one and it is much more difficult to produce 

the kind of pressure system necessary around fixed wings to keep such a device aloft.  
5
 To give readers a sense of the complexity of these wing movements, this is how Erick Philip 

talked about flapping flight during the public launch of the RoboBee project in the fall of 2009:  

"We can think of a bee or a fly's wing as something that is flapping at least in hover conditions 

with some stroke plane angle. Stroke plane angle is also defining stroke amplitude within not only 

the wings flapping, it's also simultaneously rotating or perhaps even deviating from the stroke 

plane. So you have a relatively complex kinematics that the wing might see. Furthermore at the 

speeds that we're talking about and the scales that we're talking about we have [unclear] 

conditions that are dramatically different from that which you might see with more traditional 

aircraft, fixed wing aircraft or even helicopters. So that brings about some interesting fluid 

mechanics. And that fluid mechanics is something at first light you might look at and say, 'oooh, 

this is going to give you a lot of challenges and you're not going to be able to fly very efficiently.' 

But you can also flip the coin to the other side to say okay, but you can use some time varying 

properties of the thrust which is generated and the aerodynamic drag and the lift that's generated 

actually to your advantage in some cases if you want to make quick maneuvers, etc." 
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Caltech biologist Michael Dickinson and UC Berkeley electrical engineer Ron Fearing. 

In the 1990s, Dickinson began research on the flight of basic fruit flies. He made high-

speed video recordings of flies both as they flew through an enclosed chamber and as 

they flapped their wings while fixed in place to the head of a pin. Dickinson's laboratory 

then followed these experiments by building a scaled up model: fifteen inch "wings" 

encased in a vat of mineral oil.
6
 By conducting iterative research between video footage 

of actual flies and Dickinson’s mechanical wings, researchers developed an 

understanding of insect flight that could be reverse engineered.
7
 Together, Dickinson and 

Fearing have made a concerted attempt to harness that knowledge in order to render 

intelligible—and, therefore, reproducible—the incredibly complex process of flapping 

flight. The “micromechanical flying insect” that their collaboration produced is the 

weight of a paperclip. Its wings, a half inch long and made of polyester, beat 150 times a 

second.   

Attempts to harness insect capacities for flight date back centuries. One only 

                                                
6
 As physicists learned from Johann van der Waals, both liquids and gasses are understood as 

"fluids," their difference a matter of degrees of density and viscosity. The flapping flight 

performed by insects teaches important lessons about this and about how life operates differently 

at different scales. For a fruit fly, the medium of air feels considerably more viscous than it does 

for larger animals like humans. As a 2003 episode of NOVA reported, insects do not so much fly 

as swim. Accordingly, in scaling up the wings of a fruit fly, the medium in which it moves must 

also be scaled up, hence the mineral oil. The ratio of viscosity to density at this scale allows 

insects to exploit aerodynamic mechanisms that are not possible for larger vehicles or organisms 

(Spies that Fly 2003). Historically this created considerable confusion about the dynamics of 

insect flight (see footnote 11). 
7
 According to Dickinson, the movement of insect wings generates what is known as a "leading 

edge vortex," which creates a suction force and a relatively stable flow pattern upon which the 

insect "floats." To do this, the wings must span a 180 degrees arc at a frequency of up to 200 

times a second. Mimicking this mechanism requires a deep understanding not only of the external 

expression of the flight mechanism, but also the internal organization structure which enables it. 

And if the flight alone seems complex, the relationship between insect flight and the motor 

control system which governs it is doubly so (Dickinson 2006). 
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needs to look at Da Vinci’s flying machine to see early example of this. More recent 

attempts include the CIA’s “insectothopter.” This gas-powered “dragonfly” was meant to 

furtively generate audio and visual recordings of target individuals in outdoor 

environments. Now on display at the CIA Museum in Washington, D.C., it was the first 

engineered object to succeed in mimicking the flapping flight of an organism. But it was 

only mildly successful: the project was abandoned soon after it was tested in a natural 

environment, as the CIA discovered that cross breezes grounded the device.  

The micromechanical flying insect developed through Dickinson's research and 

Ron Fearing's electrical engineering skills is heir to this history. The Office of Naval 

Research, DARPA, and the Air Force have all invested heavily on this and other projects 

(in 2001, they had already spent $50,000 on research development) in the hope that they 

will help them to develop Micro-Air Vehicle (MAV) technology.
 8
 As the San Francisco 

Chronicle reported in 2002, the ONR hoped to use Fearing’s micro robotic fly for 

“reconnaissance and scouting " (Promode Bandyopadhyay, head of robotics at the federal 

Office of Naval Research, quoted in Squatriglia 2002).
9
  

                                                
8
 Scientists envision that the device will carry on-board solar panels for energy and come fitted 

with cameras, transmitters, and a microprocessor for synthesizing information. All of this remains 

in the realm of science fiction: as Dickinsen and Fearing’s device exists today, it works not much 

better than the Insecothopter of the 1970s. At the time of writing, it only barely achieves enough 

power to generate lift off and it remains tethered to an external power source. Although scientists 

remain optimistic about the speed with which ultra-light electronic and mechanical devices are 

presently being developed, a drop of water is enough to weigh down the device. 
9
 Spectacular scenarios abound of a battlefield inclusive of MAV technologies. Many can be 

found in a 2001 article in Popular Mechanics, in which author Jon Wilson was so inspired by 

Fearing’s MAV he envisioned that: “Fearing's stainless steel and Mylar robot flies will be able to 

flap their way into the most secret places on Earth--the bunkers where Saddam Hussein plans his 

genocidal campaigns, and where Chinese spymasters plot their raids on America's nuclear 

weapons laboratories” (Wilson 2001). Wilson also references a 1998 DoD publication in which 

strategists predicted that: “Scout flies, equipped with miniature cameras, would do the work of 

reconnaissance teams by eavesdropping on tactical communications and sending back real-time 
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The RoboBee project is also heir to this history. Erick Philip, the primary 

investigator (PI) of the RoboBee Project and director of Harvard’s MicroRobotic 

Laboratory, was a graduate student under Ron Fearing at UC Berkeley. Since his 

appointment at Harvard, he has dramatically improved upon Fearing’s micromechanical 

flying insect, creating an improved flying actuator now known as the Harvard 

MicroRobotic Fly. Different branches of the DoD funded nearly all of that research. His 

device has near fidelity to the size and wing movement of the organisms that inspired it 

and was the first robotic fly to generate a powerful enough thrust to achieve vertical lift 

off. It also inspired Wu Rui Bao to propose constructing a colony of robotic bees. After 

reading about CCD online, Wu was walking by Philip’s office when he “looked down 

and there was [one of his microrobotic flies] on the wall. His door was open, so I poked 

in and said, "Erick, what if we built a colony of bees?  You build a body, I'll build a 

brain" (Wu interview 2009). Ever since, Philip’s work on flapping flight has seemingly 

taken this new direction, replacing his fly muses with bees, putting his research and 

broader efforts to construct micromechanical flying insects in a wholly new context. 

As it turned out, however, bees, make for poor muses. At least, that was the 

                                                
video of enemy positions. Sniper flies would seek out field commanders, recognizing them by the 

iris patterns of their eyes. Then, they would become the 21st century incarnation of the 

tribesman's poison dart as they hurled themselves into the carotid arteries of their targets. 

Meanwhile, titanium-tipped robot flies too small to register on radar screens would gather in the 

weeds at the end of enemy runways. Then, rising as a swarm, they would allow themselves to be 

sucked into jet engine air intakes. The MAVs' titanium bodies would fracture the whirling turbine 

blades and send a rain of red-hot fragments through thousands of pounds of jet fuel and 

ammunition. In Pentagon parlance, MAVs have the potential to become the ultimate force 

multiplier” (ibid.). See also the Air Force’s promotional video “M.A.V.,” which describes how 

MAVs can “blend in with their surroundings” to “navigate and track targets through complicated 

terrain, such as urban areas” available online at: 

http://www.youtube.com/watch?v=jmGwfYOrCLU, last accessed 27 July 2011. 
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conclusion of Philip and many of the other engineers on the project. Not only are their 

behaviors inefficient and inappropriate to the construction of a technological 

replacement, but even their precise flying mechanisms are overly complex and far from 

optimal for reengineering. Unlike flies, bees have four wings: two of which generate lift 

and a smaller pair that steady their body amid air turbulence. While these wings are 

essential to the bee, such a steadying mechanism might be more cheaply and efficiently 

designed as “legs” rather than wings. Furthermore, the aerodynamics of bee flight has 

long been confounding.
10

 In the past decade, Michael Dickinson’s team of researchers at 

Berkeley have extended their work on flapping flight from flies to honeybees, finding the 

development of their wing and flight behavior to exhibit “some of the most exotic flight 

mechanisms that are available to insects" (Dickinson, quoted in “Deciphering the 

Mystery” 2006). That is, they maintain an extraordinarily high wing beat frequency with 

a relatively narrow arc of movement. According to Dickinson, this requires the wings to 

operate at a constantly high frequency; otherwise “the muscle doesn't generate enough 

power” (ibid.). Dickinson and others speculate that this peculiar kinematics reflect either 

an evolutionary specialization for high load capacities or the physiological limitation of 

their flight muscles (Dickinson 2006). Either way, bee flight is an evolutionary enigma 

that is perhaps best excluded from efforts to develop mechanisms for flapping flight. 

                                                
10

Physiologists writing on animal locomotion in 1934, August Magnan and André Sainte-Lague, 

used simple mathematical analysis to determine that bee flight is “impossible” (in Lehmann 

2005). In a publication that details much of Dickinson’s work on honeybee flight, the authors 

aptly write that, since this claim, bees have come to symbolize for the scientific community “both 

the inadequacy of aerodynamic theory as applied to animals and the hubris with which 

theoreticians analyze the natural world” (Altshuler 2005).  
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Visual Techniques 

The only independent contractor on the RoboBee project, Gavin Cooper was 

brought on to the project to build the instrument’s visual system. His company specializes 

in vision chip technology for flight. They build (or hack) toy-sized aircraft, fitting them 

with sensory and response components that allow the devices to move about a room 

autonomously, avoiding people and other obstacles without input from a human 

controller or a mission script. Their work subsists primarily on defense contracts from 

DARPA, the Air Force, and the Naval Research Laboratory, where Cooper’s work began 

in the mid 1990s.  

Understanding the relationship between the capacity for visual perception and 

movement is essential for understanding how flying organisms move through the world 

and how flying technological devices might learn to do so more effectively. 

Entomologists studying insect flight observe that insects use optical flow patterns to 

determine behavior. Rather than executing behavioral decisions within a known space, 

insects orient themselves through the directional flow of the world around them using a 

technique known as “optical flow.” “Optical flow” refers to “the apparent visual motion 

that you experience as you move through the environment” (Cooper lecture, 2009). For 

organisms that both see and move, optical flow describes our capacity for visual 

navigation. As your body moves forward, our eyes perceive the ground, buildings, and 

other objects sliding backward past us. These rates of flow provide us with information 

about our spatial relation to things. It constitutes our capacity to sense our own movement 

in the world, enabling us to estimate the rate of our motion. It also serves as our primary 
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tool for obstacle avoidance, making it important for our survival. This seems intuitive, 

but it runs contrary to Cartesian representations of the world and therefore is contrary to 

most “artificial intelligence” models of robotic production. As Cooper explained, a 

Cartesian map of the spatial environment determines the state of the object “in 3D space 

and to control it in 3D space” by placing itself on x, y, and z coordinates. But recent 

research on insects reveals (unsurprisingly) that they do not function this way. Instead, 

they use optical flow patterns and “project that directly onto a control response.” That is, 

they determine movement patterns by “controlling their visual field” (ibid.). As 

experiments with honeybees have shown, bees respond to their environment as they 

perceive it visually, changing direction according to the spatial distribution of the world 

as they encounter it (Si, et al. 2003).
11

  

Understanding how this vision system works in insects has been central to 

Cooper’s development of small planes and helicopters that can navigate the environment 

autonomously. But Cooper does not identify as a biomimeticist and his work has little 

fidelity to models of actual organisms. Indeed, he worried that his engagement with the 

biological sciences would draw him too far from what he felt his own directive was: “I 

need to be careful to try to make sure that I'm still being an engineer as opposed to 

something else” (Cooper interview, 2009). What that something else would be, was 

unclear. But it was clear what being an engineer constituted for Cooper: “I’m trying to do 

                                                
11

 Maurice Evan’s work with lobsters discussed in chapter two also demonstrates this point 

nicely. Given a visual environment of moving stripes, a lobster on a treadmill directed to walk in 

a forward motion will change its direction in order to keep its visual field, and not its directional 

relation, constant. 
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applied research. I think, ‘how can I make this [thing] work?’ That’s the only task. I have 

to get it to work” (ibid.).  

Control Systems 

Maurice Evans was brought onto the RoboBee project as part of the “Brain” 

group. Having successfully developed artificial control systems in his RoboLobster and 

RoboLamprey, Philip called on him to develop a similar control architecture for the 

RoboBee. Evans was fairly confident that by drawing on the electronic analogue nervous 

systems that he had placed into his robotic lobsters and lamprey, he could approximate 

bee “brains.” With this device too, he wanted “to build an electronic nervous system” that 

“gives this robot the capabilities that the real animal has” (Evans lecture 2009). But 

Evans did not propose studying the actual ethoneurology of the bees. Instead, he turned 

directly to what he had learned of lobsters, suggesting that the collaborative ought to 

import their nervous system—or some version of it—into the architecture of the robotic 

bee. In particular, Evans imagined that they could use the discrete time map neurons 

developed through his lobster research in order to control  flight behavior. With these, he 

suggested “it's possible to build very, very smart and complex behavioral controllers 

using very, very restricted numbers of what are greatly simplified neurons” (ibid.). 

 Yet, here too even the very notion of biomimicry began to break down. Evans 

hoped to convince the collaborative that his electronic nervous system would be the most 

efficient and robust operating system for the device. To a room full of mostly computer 

and electrical engineers trained in a programming algorithms rather than neurons, this 

(and the broader biomimetic project) proved to be a hard sell. Animal life, they 
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suggested, was not to be trusted. Inspiration was one thing, the engineers suggested, 

“copying” was something else altogether. Accordingly, in later discussion of the control 

architecture of the robot, bees—as well as lobsters—seemed to recede entirely.  

 This difference in approaches was not about the products of evolution, but rather 

the processes of production. It was a question of control, but also of different worldviews. 

For John McEwan, the problem of pollination involved solving a series of discrete 

elements that he identified as relatively simple problems, the bringing together of which 

presented considerable challenges:  

 

In computer science the way we approach [control] is to say that the flight thing is a 

little box that does flight. The sensing thing is a little box that does sensing and the 

position thing is a little thing that does positioning. And as long as I understand the 

interaction or the interface between these three boxes I don't care what the inside of 

the box does. It's just a box, it's a black box. And so an expert of flight can go work 

on the flight box; an expert on sensing can work on the sensing box, an expert on 

localization can work on the positioning box. That's how computer scientists think 

(McEwan interview 2009).   

 

As he’s describing this to me, the phrase,  “that is not how biological systems are 

designed” slips out. He backtracks: “Not designed; how they’re organized.”  Echoing 

Roth’s tirade about spider hydraulics, he tells me that the functions of biology are 

intertwined. They are not discrete like those of a computer program and because it’s not 
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designed it “doesn’t need to make sense…it’s just whatever evolved.” This mentality, and 

biological systems on the whole, “violate most of the core assumptions that a computer 

scientist thinks about the universe” (ibid.). Wu Rui Bao confirms the difference, telling 

me about the neat linearity of algorithmic programming. If x, then y, all the way down. 

It’s legible. It’s also reversible: “I want to be able to debug and I want to identify and 

understand logically why things happen the way the do” (Wu interview, 2009). McEwan 

put it more bluntly. After I had packed everything up to leave his office after our 

interview, he told me that he wanted to clarify what he had said earlier about the 

difference between Evans’s approach and his own. He said that a computer scientist 

couldn't know or understand all of the component parts of biological life and biomimetic 

technologies; that they were too integrated, too difficult to break down into knowable 

boxes. He told me that it was that measure of the unknown that was “terrifying.”  

 

4.7 Displacing Pollination 

If mimicking actual bees had slipped from the RoboBee picture, I began to 

wonder what of bees, if anything, was still involved in their production. Certainly, the 

bees dying of CCD had something to do with it. After all, they had been the original 

inspiration. Even if constructing colonies of robotic flying insects had precious little to do 

with bee bodies or brains, their function remained important. I still imagined that the 

desire to emulate their work pollinating crops held primacy as the end goal, that with 

which the scientists were “in consonance.” But after a few weeks of lab meetings, 

presentations, and interviews, those bees—the dead ones whose absence had caused such 
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incredible anxiety initially—also seemed to have faded far into the background. Indeed, 

with the exception of Maurice Evans— “I really think that this is going to happen. I 

really think that there's going to be bees flying around and going to flowers and you 

know, I have little doubt.”—not one of the other collaborators expected to actually 

produce a colony of robotic bees capable of pollination. They were “not quite sure” 

(McEwan) or had the much more modest goal of getting “that thing to fly for ten 

seconds” (Cooper). At one point, Wu referred to pollination as nothing more than “a great 

marketing tool.”  

The reason for this hesitation quickly became obvious. The Harvard 

MicroRobotic Fly is capable of flight in part because of its streamlined design, but also 

because it is corded, tethered to an external power source. A pollinating colony of robotic 

bees, however, must carry its power source with it. This means that the engineers on the 

project must either find or develop a battery or some other device powerful enough to 

generate high speed wing movement while supporting onboard cameras, communication 

devices, a mission script, and a directional compass. When the project was initiated, the 

team had hopes of using advanced fuel cell technology. But fuel cell technology remains 

in its early stages. More to the point, fuel cells cannot be refueled and run at 300 degrees 

C. Evans duly noted the problem, exclaiming that the idea of “hot flying things in the 

vicinity of your eye is really creepy” (Evans interview, 2009).
12

 Solving the power and 

weight problem inhibited scientists’ ability to imagine fitting the device with the capacity 

for communication, UV sensing, bump sensors, an odometer and all of the other 

                                                
12

 Other options include solar power and microturnbine jets.   
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components necessary to actually fulfill the needs of industrial agriculture. Accordingly, 

for much of the team, pollination appeared not only as a very distant challenge, but a 

distraction, the last thing that they ought to be working toward.  

 Through the course of my interviews and observations the issue of pollination 

seemed to recede with increasing alacrity from conversations about the device’s 

production. In the initial months of the project, the only scholar of actual bees accounted 

for on the grant, Harvard biologist Stephanie Moore, was, in her words, relegated to an 

"advisory role." And Evans, himself a backyard beekeeper, seemed to know little of the 

inner workings of actual bees. His vision of how to construct a colony of pollinating 

robots drew instead on his extensive knowledge of lobsters and lamprey neural 

architecture. It was on this body of knowledge that he imagined developing the 

RoboBee's "brain." Erick Philip’s “bee body” was built using research on fruit flies. So, 

as scientists envisioned robotic bees composed of traits from flies, lobsters and lamprey, I 

often wondered where the actual bees had gone, finding them—along with the question 

of pollination and the actual bees of commercial hives—largely absent.  

Indeed, seeing themselves as designers, and not wanting to “blindly copy nature,” 

the scientists on the project had imagined themselves, much like Marx, as architects with 

bees as their muses. But the distinction turned out less clear than they thought. As Wu 

noted to me, “one of the challenges is that there are so many components that need to 

work and they're reliant on each other working and none of them are built yet” (Wu 

interview 2009). As each of the scientists described, they were constant needing to 

appropriate “off the shelf” components and provisional materials in an attempt to 
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approximate their purpose in what Wu described as a “multistep path toward this real 

world” (ibid.). This was not so much purposeful design as bricolage—an expression of 

the same kind of tinkering that the engineers found to be so inefficient in evolutionary 

processes.  

  

4.8 The Value of the Bricoleur 

In his book, The Savage Mind, Claude Levi-Strauss set out to distinguish 

scientific minds from their more “primitive” counterparts. He does so in part by drawing 

a precise line between the engineer and the bricoleur. While the engineer creates the 

means with which it builds, the means of the bricoleur’s project are more limited; s/he 

makes do with “whatever is at hand” (Levi-Strauss 1962: 11). As Levi-Strauss describes 

it, “bricolage” has its origins in the French verb “bricoler.” The term was originally used 

to describe superfluous or unexpected movements: “a ball rebounding, a dog straying or a 

horse swerving from its direct course to avoid an obstacle” (Levi-Strauss 1962: 11). The 

present meaning of bricolage carries with it this sense of “the force of things” as they 

come into unexpected contact and forge new connections. For Levi-Strauss, attention to 

this force is the hallmark of the “savage” mind. It reflects an inability to distinguish 

contingency from necessity and event from structure. Like Marx’s account of the 

architect and the bee, Levi-Strauss suggests that the engineer sees her work within a 

broader social field and constructs accordingly. The bricoleur, like an animal, is driven by 

the conditions of her immediate present, absorbed by contingencies rather than a directed 

purpose.  
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As he proceeds in his argument, however, Levi-Strauss finds he must add a 

growing list of qualifications, as the engineer’s “power and knowledge” are, like the 

bricoleur’s, limited: “he too has to begin by making a catalogue of a previously 

determined set consisting of theoretical and practical knowledge, of technical means, 

which restrict the possible solution” (ibid.: 13). As the distinction between engineer and 

bricoleur erodes, Levi-Strauss is forced to make vague gestures toward “concepts/signs” 

and “culture/nature” dichotomies as a means of differentiating the two.  

Reading his account today, particularly in light of the RoboBee project, we may 

be forced to conclude that the distinction between engineers and bricoleurs (or architects 

and bees), fails as an analytic distinction. Yet despite the clearly contingent junctures of 

the RoboBee project, my conversations with the researchers on the project suggested that 

these narratives of purposeful production persisted. Given that, I began to wonder how 

these stories of purpose and attendant divisions between labor and forces of nonhuman 

production continue to remain so seemingly relevant. If these narratives were not 

providing the purpose of the research, what were they providing?  

An answer may be found in the work of Jane Bennett. In the context of Levi-

Strauss’s formulation, her writings are decidedly ‘savage’. Her heavy debt to the atomists 

Lucretius and Epicurus leads us to an understanding of things as “events,” the product of 

contingencies. Bodies falling in the void, swerving into one another and forming newly 

conceived assemblages of life tell of an indeterminate world where collisions are 

creative, where the becomings of things are not (and cannot be) pre-given. Bennett—

along with Lucretius and Epicurus—instills within the reader a sense that other 
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encounters were—are—possible. In light of this, Bennett’s work, like that of Levi-

Strauss’s, takes up the issue of intention and structure. But Bennett also writes against the 

common notion that creative practices are directed by the state or by capitalism, 

providing an alternate version of production and wealth potentially unhinged from 

instrumentalist accounts of life and the profit-motives of capitalist production. Can we 

perhaps locate in the bricolage of the scientist the potential to constitute practices that are 

not merely instruments of  capital?  

Perhaps, but there are reasons to be cautious. In “The Underground Current of the 

Materialism of the Encounter,” Althusser, like Bennett, draws on Lucretius to emphasize 

the vitality of things as atoms falling in the void, swerving and reassembling by chance, 

continually generating  new forms. “It is enough to know,” he writes, that there are 

encounters, that things “come about ‘we know not where, we know not when’ and that 

[its cause] is ‘the smallest deviation possible’, that is, the assignable nothingness of all 

swerve” (Althusser 2006: 191). But, for Althusser, these atoms and chance encounters 

alone are not enough to explain the characteristics of the world. “We must go further still. 

In order for swerve to give rise to an encounter from which a world is born, that 

encounter must last; it must be, not a ‘brief encounter’, but a lasting encounter,” 

(Althusser 2006: 169). To understand the emergence of things we must understand how it 

is that they “take hold” of one another and how they “gel” at certain moments. That is, it 

is essential to note why certain events, properties, assemblages emerge today rather than 

yesterday or in 1857 rather than 1942.
13

  Novel forms cannot emerge out of nothing. 

                                                
13

 The example that Althusser offers as an illustration of this is the history of capitalism’s 

emergence as an encounter between two key elements of its emergence: wage labor (or “free” 
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Rather, forces of production—be they directed by human labor or otherwise—are limited 

by their means, just as Levi-Strauss wrote of the bricoleur. As Althusser writes, “we have 

to do with this world and not another” (ibid.: 195). For Althusser then, the question of 

“structure,” or the value-producing tendencies of the mode of production and its logics, 

remain: attention to the aleatory encounters that constituted them has not wished their 

force away. Nor does it suggest that stories of aleatory encounters will soon supplant 

narratives of purpose-driven production.   

Drawing on the work of Alfred North Whitehead, Isabel Stengers writes that 

design narratives are “abstract propositions.” For her, they prompt “a ‘leap of 

imagination,’ [and] act as a lure for feeling, for feeling ‘something that matters’” 

(Stengers 2004: 99). Such abstract propositions—like the narrative of Colony Collapse 

Disorder as motivation for the construction of a robotic replacement—serve to valorize 

scientific labor; to instill the feeling that one’s work “matters.” As Robert Jiang, the NSF 

advisor to the project, put it, colony collapse disorder and pollination were “motivation[s] 

that made all of these challenges come together.” They made the project, he continued, 

“kind of concrete” and put all of its collaborators “on the same page” (Jiang interview 

2009). Rather than pollination, this was about creating a kind of legitimacy, a structure of 

value within which scientists could envision these technological productions working.  

                                                
labor) and capitalists. As Althusser describes, it is likely that these elements appeared at various 

point independent of one another without having “taken hold” to constitute capitalism as such. As 

he writes, we can suppose “that this encounter occurred several times in history before taking 

hold in the West, but for lack of an element or a suitable arrangement of the elements, [it] failed 

to take” (2006: 198). Once all of the elements were present to enable this encounter to “take,” the 

world formed around them. All of this suggests that thins could have taken a different path. 
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As Bennett and others make clear, biological life, nonhuman labors, and even 

nonliving structures are transformative. But even as their transformations condition 

events and lives, they ricochet through the already existing structures of value, 

technology, and language in “this world” (or as Antonio Negri would say, “the this 

here”). We could call this a difference between becoming and the “becoming-value” of 

capitalism (Gidwani 2008). This too is a practice of bricolage, as stories of production 

draw on existing elements of life—including political, biological, and cultural 

geographies of the present--to constitute the imagination of a future in which the products 

of labor work, in which they take hold. Thus, the making of value (for capital, for the 

state, or otherwise) is a central part of this: if bricolage is a condition of the limited means 

of production that confront the producer, our social tendencies of value production act 

similarly. That is, the scientists are limited in how they find and produce value in their 

work. Marx’s distinction between humans and animals and between engineering and 

evolution may also be an integral part of these processes of “becoming-value.” 

I have shown that the RoboBee project intersects with a number of institutional, 

political, and economic frameworks, including the DoD, the NSF, and industrial 

agriculture. But in exploring systems of value production and understanding their 

formation, it is also necessary to look to the institution within which the project is most 

heavily integrated: that of higher education. What I want to suggest here is that the 

RoboBee project provides a unique window onto the conditions of cognitive labor found 

within contemporary systems of university research, and the ways institutions of higher 

education seek to organize and evaluate that labor. As the site of production, universities 
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play an intimate role in the valorization of cutting edge knowledge and technology. And, 

increasingly the becoming-value of the university is synonymous with the becoming-

value of capitalism and the US military apparatus, as the now common moniker 

“military-industrial-academic complex” attests. And this places the RoboBee project in 

another historical context: that of the “neoliberalization” and “militarization” of the 

university.  

 

4.9 Institutions of Valorization 

As Armin Beverungen, Stephen Dunne and Bent M. Sørensen describe in a recent 

essay on the state of the university system, institutions of higher education have long 

existed in tension with the dominant powers of their time. While attempting to maintain 

fidelity to critical inquiry and thought that exceeds the boundaries of their contemporary 

moment, university systems have long been at risk of being subsumed as servants of the 

state or commercial interests. Nevertheless, Beverungen, et al. are quick to reveal 

important changes that distinguish the contemporary university from its predecessors. 

Today’s system of higher education in the West, they write, has lost its original purpose. 

While the historic university was often beholden to nationalist or elitist values, the 

contemporary university has substituted “excellence” for any particular social mission or 

political allegiance. Despite the increasing accessibility that these changes promote, 

according to Beverungen, et al., there is nevertheless considerable risk in such a 

substitution, as the legitimacy of the university—and its value in society—is no longer 

determined by an ethos, but rather by circuits of capital (Beverungen, et al. 2008).  
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If one is to believe the popular press in the U.S., faculty in higher education today 

continue to lead lives “of the mind.” The sentiment is often disparaging, carrying with it 

the notion that academic research and teaching are “unproductive,” that they are not the 

fruit of honest labor, but an extravagance and a privilege. Yet recent thinking on the 

conditions of production more broadly suggest otherwise: that academic labor is one 

sector within the growing sphere of production referred to as “cognitive capitalism.” 

Cognitive capitalism as a concept accompanies the theory of real subsumption that I 

addressed in chapter three. According to literature drawing on Italy’s Autonomous 

Marxists, cognitive capitalism marked a shift in dominant spheres of production away 

from the manual labor of the factory and toward the immaterial labor of technological 

enterprise and education. While narratives marking such a shift have been highly 

contested—for good reason—clean divisions between the “productive” labor of the 

Fordist factory and the “immaterial” labor of knowledge production are increasingly 

untenable (see Do 2009).
14

 This is nowhere more apparent than in the practices of 

bricolage that characterize biomimicry. “RoboBees,” for example, act as a conceptual 

resource for collaboration on the many knowledge-making components of the project, 

simultaneously serving as a future object to be employed or commodified.  

                                                
14

 George Caffentzis and Silvia Federici, for example, take the notion of “cognitive capitalism” to 

task for the way that it has been used to make claims about global production that elide issues of 

uneven development. As they write: “a leap forward for many workers, has been accompanied by 

a leap backward by many others, who are now even more excluded from the ‘global discourse,’ 

and certainly not in the position to participate in global cooperation networks based upon the 

internet”  (Caffentzis and Federici 2009: 128). They go on to warn that, “by privileging one kind 

of capital (and therefore one kind of worker) as being the most productive, the most advanced, the 

most exemplary of the contemporary paradigm, etc., we create a new hierarchy of struggle, and 

we engage in form of activism that precludes a recomposition of the working class” (ibid.). These 

are essential critiques that reemphasize the need to organize politically across sectors.  
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According to Paolo Do, this reappraisal of immaterial production and its attendant 

commodities within capitalism places the aforementioned arguments of the 

“exceptionalism” of university researchers into question. If, under the conditions of 

industrial production, academic research was “functional to the productive system,” but 

not “immediately productive,” the rising value of immaterial labor has opened up new 

avenues to constitute it as such. Although it may remain something of a “refuge” (Moten 

and Harney 2004), the university has decidedly become productive, transforming the 

“ivory tower” into the “edu-factory” (Do 2009).  

While these arguments often appear in the contexts of rather abstract theories of 

contemporary forms of production, a series of historical transformations that took place 

within the structure of the university itself provides evidence for their claims and sheds 

light on how institutions of higher education work to manage circuits of “cognitive” 

labor, using their traditional authority in processes of valorization to reaffirm the value of 

knowledge production as value for capital (Dyer-Witheford 2005). Most often these 

transformations are discussed insofar as they affect disciplines of social sciences and the 

humanities (disciplines from which these critiques emanate): the casualization of the 

faculty work force, the erosion of tenure, the increasing reliance on graduate student 

labor, and the rise of student debt are frequently cited as evidence of the university’s 

“neoliberalization.” Little work has addressed these transformations within the science 

disciplines, however, and while these routine issues are often repeated there, the sciences 

have confronted (and produced) additional issues as these transformations have taken 

place, including a drive toward innovation, interdisciplinarity (often meaning ever larger 
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and more intense collaborations and communicative labors of the kind at work in the 

RoboBee project), the continual need to look outside of university resources for the 

means of knowledge production, and the concomitant need to look outside of the 

university for validation. Indeed, it is curious that although the RoboBee project receives 

its funding from the NSF and is therefore not beholden to developing productive 

applications, the project nevertheless required narratives that tie its potential for 

innovation to productivity for capital. Although pollination had fallen to the wayside in 

the everyday work of the scientists, the stories that they told about it—those told to 

indicate the project’s value for society—clearly served the interest of industrial 

agricultural production above all others.    

Among the issues faced by all of the disciplines, none came to the fore in my 

work more forcefully than the researcher’s reliance on the labor of their graduate 

students. All scientists with whom I discussed the RoboBee project insisted (some 

joyfully and other remorsefully) on a measure of distance from the actual labor of 

technological and knowledge production. While they continued to conduct research, all 

spoke of how their primary roles were not as scientists, but as managers, and supervisors: 

they directed production, maintained the facilities in which it took place, and secured the 

resources necessary for it to occur. It was the post-doctoral researchers and the graduate 

students in their laboratories who conducted the majority of the labor necessary to 

construct and build the materials on the project. As Wu told me, “[my grad students] do 

all the work. They do all the hard stuff” (Wu interview 2009). 

While this managerial and supervisory role is not new in the world of science, its 
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intensity has escalated as researchers have been prompted take on another subjective 

position: that of the entrepreneur. This transition dates back to congressional legislation 

that substantially changed the relation between the university and the academy. As 

Melinda Cooper describes, the passage of the Bayh-Dole Act provided university and 

other publicly funded researchers the right to privately patent the results of their work. 

With it, universities could grant industry or any privately held body exclusive rights to 

their patented technologies, enabling them to retain royalties from those licenses. Thus, 

“initially public-funded patents could then be privately exploited by patent holders, who 

might choose to issue exclusive licenses to large private companies, enter into joint 

ventures, or create their own start-up companies” (Cooper 2008: 27). While it may be 

true that the “direct economic impact of technology licensing on the universities 

themselves has been relatively small” (Nelson 1998: 1460), the structural impacts have 

been enormous.
15

 As state funding for universities receded in the 1970s, allowing 

university research to profit from commercial development was seen as a way to maintain 

a flow of external money to the concentration of specialized labor and skills that had 

emerged exclusively in the context of the ivory tower. Industry would thus be able to 

exploit a well-developed labor market and university researchers could continue to find 

the funding necessary to provide for their laboratories. This gave rise to new relationships 

among university scientists and corporate interests, but perhaps more importantly it 

generated the constitution of novel subjectivities on the part of scientists, generating 

incentives for scientists to become entrepreneurs. Although this did not result in riches 

                                                
15

 The profits of these arrangements feed back into the university through offices for research 

advancement. This means that faculty do not reap personal benefit through these licensing 

opportunities. 
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for the faculty or establish direct ties to corporate interests, it did mean more resources 

for laboratories. 

Accordingly, much of the intellectual expenditure of scientists today is spent 

applying for the external funding necessary to keep their laboratories operating. RoboBee 

PI Erick Philip was a clear example of this trend. The RoboBee grant made his 

MicroRobotics laboratory in the School of Engineering the recipient of more external 

funding than any other lab or faculty at Harvard University. This would be a notable 

achievement for any scholar, but it is particularly impressive considering that at the time, 

he had yet to go up for tenure. Philip supervised a coterie of post-doctoral researchers and 

graduate students—28 in all—who worked to execute the research on those grants. While 

Philips’s busy schedule prevented me from scheduling an interview with him, those with 

whom I did have extended conversations all discussed at length the pressures of building 

and maintaining research laboratories. And this was an intense balancing act: flush with 

grant money, PIs took on more graduate students and post docs. In slimmer times (or 

labs) grants were often chased as a means of securing funding for already matriculated 

students. All of the participants with whom I spoke mentioned the necessity of securing 

funding for graduate students and post-docs and attracting qualified future candidates by 

luring them with sufficiently ample and advanced laboratory equipment, materials, and 

furnishings. Philips’s sprawling MicroRobotic laboratories, for example, boasted pool 

and foosball tables, a number of couches, equipment for meso and micro fabrication, a 

centrifugal mixer, a plasma cleaner, high-speed cameras, and a number of other tools the 

uses for which I could never determine. The result, at least according to my sources, was 
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the need to continually attend to funding cycles and opportunities; the “freedom” of 

running one’s own lab is accompanied with the responsibility of furnishing it with the 

most advanced resources. With this legislation and its attendant shifts in university 

governance, we find an institution in which researchers—primary researchers—find 

themselves most often in the role of management. Not management of their own 

positions and conditions of labor, but of their laboratories, of as McEwan put it, their own 

“small kingdoms.” How they operated those kingdoms requires a vigilant pursuit of 

funding, an ethos of entrepreneurialism, and eye toward increasing innovating rather than 

incremental science. 

Finally, as the RoboBee project also attests, current conditions of university 

research encourage interdisciplinary collaboration in pursuit of innovative avenues of 

both immaterial and material production. What all of this together produced was a 

particular mode of scientific production that organized cognitive labor in new ways. 

Accordingly, while new assemblages of animal bodies and technological apparatuses 

emergent in these examples are interesting and powerful, the mode of production and its 

attendant forms of valorization that persist in conjunction with them and enable the 

reproduction of university laboratories and labor may be even more important. 

Given this framework of bricolage, we might understand these changes in the 

institutions as a means of putting capitalist (and military) forms of value production into 

close proximity with innovative research as a way of ensuring that capitalist value 

production is ready at hand in the process of value-making. That is, we may best 

understand biomimetic productions like that of the RoboBee to be neither guided nor 
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captured by prevailing logics of capitalism, but rather placed alongside them so that in 

efforts to create the “lure of feeling” for “something that matters,” it is this system of 

valorization that is most ready (and eager) to respond.  

In the following chapter, we will pursue alternative relations of valorization, 

where the matter of capitalist industry and even individual reproduction are placed in a 

subordinate role to the value of “love.”  
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Chapter 5. Jellyfish 

 

A Jellyfish 

Visible, invisible, 

a fluctuating charm 

an amber-tinctured amethyst 

inhabits it, your arm 

approaches and it opens 

and it closes; you had meant 

to catch it and it quivers; 

you abandon your intent. 

  -Marianne Moore
1
 

 

 

In previous chapters I proposed an understanding of biomimetic instruments and 

the organisms that inspire them through a “cartography of value,” which connects the 

ideologies, practices, and institutions that structure  biomimicry’s emergence as a field. 

Each chapter followed the unfolding of biomimetic projects in direct relation to changing 

conditions of national security and capitalist value production, remaking the 

characteristics of life—bios—into conceptual and mechanical forms conducive to 

existing structures of value. Each of the projects I encountered in my research illustrated 

that while biomimicry transforms our understandings of biological life and the conditions 

of technological production, its incorporation into logistical frameworks and regimes of 

measure inhibit its transformative capacity. These practices actively delimit biomimicry’s 

potential to transform our relationship with nonhuman life and with one another, 

therefore failing to realize even the modest “revolutionary” potential its advocates 

promise. The chapters also make clear, however, that biomimetic production continually 

exceeds (and falls short) of these systems of measure that seek to incorporate it, 

                                                
1
 I owe a debt of gratitude to Cary Wolfe for drawing my attention to Moore’s poem.  
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generating unintended consequences with implications that are as yet unclear. For 

example, chapter four explored how the structure of research funding within institutions 

of higher education subsumed emerging practices of biomimetic production within 

established trends of industrial and commercial production, ultimately shaping research 

and the stories that scientists tell of it. In this chapter, I examine another example of 

biomimetic research, where the tension between scientific practices and industrial and 

commercial production created an alternative form of value for one researcher: that of 

love. In the story that follows, I continue to explore discontinuities between the intentions 

of researchers and their practices. Reflecting upon a series of events and relationships 

among human, animal and technological life that I witnessed in the course of observing 

several research projects, I focus on one neuroethologist’s relationship to the animal 

subjects of his research, and consequently to the oil well service corporation that funded 

his work to develop biomimetic technologies. Focusing on the laboratory conditions 

where human and animal lives intersect allows for a closer look at the implications of 

biomimetic production and larger questions about how we conceptualize the ethical and 

political potential of interspecial acts of “love-making.”   

 

5.1 For the love of jellyfish 

It is fall, 2009, and I am in a “wet room” converted from the shell of a 

decommissioned WWII bunker. I am conducting an interview with one of my research 

subjects, standing amid a simulated ocean environment composed of a collection of 

aquaria, jars, water pipes, a laminar flow tank, and two species of jellyfish in various 

stages of development. The air is damp and on the recording it is difficult to make out 
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what my research informant Toshiro Muraki is saying over the sound of moving water. 

This space is what Donna Haraway once called a ‘contact zone’, a zone of interspecial 

co-productions and “subject-shaping” encounters perpetually fraught with “power, 

knowledge and technique, [and] moral questions” (2008: 205).
2
 Muraki shares this space 

with the jellyfish that are his research subjects. As we talk, he conducts his thrice-daily 

ritual of feeding the jellyfish. Toward the end of the interview, I ask Muraki to describe 

the work necessary to sustain the life of his research subjects. “What,” I ask, “does it take 

to keep this system operational?” His response surprises me. “First,” he said, “It takes 

love.” Incredulous, I asked him to elaborate: “I'm serious. Of course it's difficult to 

define, ‘what is like or dislike’ but for me, I can use the term love because I can't do 

anything for them if I don't love them.” 

A spate of recent texts on life in the biopolitical present has suggested that 

reconceptualizing “love” may be central to constituting more ethical forms of production 

that take place beyond or outside capitalist exploitation. In two recent volumes of their 

trilogy on Empire, for example, Michael Hardt and Antonio Negri argue that love is “an 

essential concept for philosophy and politics,” and that “the failure to interrogate and 

develop it is one central cause of the weakness of contemporary thought” (2009: 178). 

There are likely good reasons for scant attention to the concept: among others, love is 

both difficult to think and to think with, its meaning seemingly best expressed through 

abstractions such as poetry and music. Moreover, as Hardt and Negri detail at length, 

there are seemingly endless ways of loving badly. In Commonwealth, they enumerate 

                                                
2
 Haraway wrote of the contact zone of agility courses, where she and her dog Cayenne learn and 

play together. Although playing may not occur and “learning” is the product of considerably 

more lopsided system of power between humans and animals, the “contact zone” is an 

appropriate moniker for laboratory settings. These spaces similarly present the chance for “cross-

species invention.” 
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love’s various tendencies toward violent, oppressive expressions such as National 

Socialism and fascism; they disparage love’s role as a comforting diversion from 

everyday forms of violence, the general injustice and poverty of contemporary social 

relations; and they militate against a definition of “love” that would limit it to 

monogamous human pairings or what the Invisible Committee harshly refers to as “the 

utopia of autism for two” (2009: 12). And yet they, along with the militant 

insurrectionaries of the Invisible Committee, continued to posit “love” as a force with the 

potential to transform social relations and contemporary regimes of value production. 

Of all of these political tracts on love, Donna Haraway’s recent work makes the 

most intentional effort to remove love from the abstract realm and to find and describe its 

power within the “contact zone.” In When Species Meet, Haraway traces love’s 

emergence in the worlds around and between herself and her dog as well as numerous 

scientists and their research subjects. But Haraway’s treatises are more than descriptions 

of loving events; they are also political acts. For her, “to be in love means to be worldly, 

to be in connection with significant otherness and signifying others, on many scales, in 

layers of locals and globals, in ramifying webs” (97). Her love of the Australian shepherd 

Cayenne is not, she emphatically points out, to be read as the love of “an elderly woman 

who honors and cherishes” her dog (quoting Deleuze and Guattari’s distain for pets). 

Instead, she celebrates the capacity of interspecie communications to generate 

otherworldly systems of social connection that “escape calculation” (2008: 85). She  

envisions this love as promiscuous, capable of generating worth and surplus beyond 

exchange value and also beyond anthropocentric definitions of use value. This “love” is 

constitutive of “discontinuities and mutated ways of being,” as well as new forms of 
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kinships, affiliations, and fusions” (ibid: 135). The joy experienced in being-in-love-with 

is crucial to what Haraway refers to as “an ethics of flourishing” (Haraway 2008: 134). 

Interrogating Toshiro Muraki’s love—a love forged in the context of biomimetic 

engineering—may shed light on the general formation of interspecial bonds as well as the 

political and ethical potentials of love in the laboratory contact zone. Initially drawing on 

Haraway’s formulations of love, I explore Muraki’s intimate relationship with his 

jellyfish subjects in order to revisit biomimicry’s potential to constitute immeasurable 

forms of value. Is Toshiro Muraki’s love evidence of an “ethics of flourishing”? Does it 

truly offer an alternative system of value for biomimetic production? To answer  these 

questions, we need to situate the “wet room” amid the conditions from which it arose, 

most notably the search for a reliable system of measure in the extraction of petroleum 

and gas reserves. 

 

5.2 From Petroleum Extraction to Jellyfish Mimesis 

Just how or why jellyfish are relevant to oil extraction is far from obvious. The 

explanation begins with the difficulty of locating oil deposits, housed deep beneath the 

surface of the earth. Like water and other minerals, oil is concentrated in particular 

regions, its distribution highly irregular and the depths at which it is found often 

inconsistent. A geological survey can determine that a given substrate is ripe for the 

existence of oil deposits, but knowing exactly where to drill remains an expensive and 

risky endeavor.  

The early days of oil extraction at the beginning of the twentieth century involved 

more magic than science: the use of divining rods and other forms of the “Black Arts” 
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remained popular up through the 1920s. At that time, the predominant “scientific” 

method for determining the presence and location of oil was mechanical coring, by way 

of which prospectors would extract a sample core of the substrate to look for signs of oil. 

But mechanical coring was imprecise and its results showed little statistical advantage 

over more mystical means of petroleum location.
3
 Accordingly, those seeking oil also 

sought alternative techniques for identifying substrate, including seismic, magnetic, 

torsion-balance, and electrical readings of the ground beneath our feet (Bowker 1994).  

With these techniques and attendant desires to—literally—decipher the contents 

of the earth, the field of geophysics was born. But as geophysicists developed and tested 

their methods, locating oil in the 1920s became shrouded in even more mystery, this time 

for socio-economic reasons. The high stakes and the competitive environment of oil 

prospecting meant that those plumbing the subsurface of the earth were secretive about 

their methods. Physicists, geologists, and engineers working in the service of oil interests 

worked quickly to develop their own capacities while often sabotaging those of their 

competitors. As Geoffrey Bowker writes of the early days of geophysical engineering, 

competing methods “produced results that looked, on paper, pretty much the same. Each 

was trying to insert itself in the gap between the initial geological survey and the decision 

to drill at a given point” (Bowker 1994: 41).  

Today, much of the oil field service industry dedicates its energies to engineering 

and employing the heavy machinery necessary to drill for oil. But developing reliable 

measurements of the ground’s substrate remains a crucial (and still often difficult) 

                                                
3
 Mechanical coring often either caused oil to leach out of the sediment surrounding the core, 

producing a false positive, or would miss the existence of a deposit entirely. According to 

Bowker, between 1859 and 1869, 4,374 of the 5.560 wells dug in the US using a combination of 

mechanical coring and the “black arts” came up dry. In the early days of geophysics in the 1920s, 

that proportion remained exactly the same (Bowker 1994). 
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component of that work. Accordingly, each of the major players in oil field services 

continues to invest – some more heavily than others – in basic research in geophysics.
4
 

The company that hired Muraki conducts extensive in-house research on applied 

geophysics as part of ongoing efforts to improve the means for finding and extracting oil. 

In the past five years, however, they have also incorporated more long-term, high-risk 

research into their business strategy. As one of the company’s research directors, Willem 

Brody, explained, they are trying to “get away from all of the oil engineers,” by 

branching out to collaborate more with medical, biological, and defense researchers 

(Brody interview 2009). The company now outsources much of that research—15% of 

their total R&D budget—to the academic and medical community. Investing in the study 

of jellyfish was a part of this new initiative. In an interview in late 2009, Brody referred 

to the research as “very long range…very high risk, very blue sky, high risk research” 

(Brody interview, 2009).  

The R&D arm of the company in question developed an interest in biomimetics 

after watching the growth of DoD investment in the field. Their primary interests lay in 

the kind of low-level patterns of behavior that Maurice Evans has studied. Jellyfish 

appeared as a potentially good subject for research because it is: 

 

A system where you don’t have too many parts, you don’t have too many neurons 

along the tentacle and you have no central processor. There’s no brain controlling 

it. But somehow you can discern where it fired its nematocysts and captured this 

shrimp or fish and, you know where it is on the tentacle and it can reel it in and 

                                                
4
 The top three oil field service corporations are Schlumberger, Haliburton, and Baker Hughes, in 

order of their annual revenue.  
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eat it with no brain to control that” (ibid.).  

 

Brody expressed considerable uncertainty as to whether the company would 

achieve anything with their investment in jellyfish research, but he insisted—without ever 

telling me why—that jellyfish tentacles were very, very promising. “The tentacles are 

almost one dimensional...[so it] might be simple enough to understand in fairly great 

detail and then translate into engineered products…we thought our poor engineers might 

have a chance to understand one of the most primitive animals” (ibid.).  

These historic transformations in the R&D strategies of oil extraction are relevant 

for understanding the industry’s connection with jellyfish. In the previous chapter, I 

focused on the alleged purposes of biomimetic projects and the claims made for their 

potential to transform the technological conditions of our world. These purposes, I 

argued, stood as narratives – one might even say fictions – that allowed a project to be 

initiated and indirectly valued within the context of contemporary circuits of production, 

namely industrial agriculture. Funded by the oil field service industry, Muraki’s research 

is meant to be directly relevant to circuits of capitalist production. That is, he is expected 

to produce something of exchange value. But, in contrast with the earlier story on the 

production of RoboBees, Muraki’s employer holds the potential purposes of his research 

as a carefully guarded secret: while the company has advertised its interest in jellyfish to 

the outside world (see Kornwitz 2008), it has intentionally refrained from discussing its 

potential applications directly, in order to guard its “trade secrets” from exposure to 

competitors. Muraki himself had little understanding of the company’s aims and Brody, 

my informant within the corporation, was unauthorized to speak of the research in any 
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great detail. To sate my curiosity, however, he related this scenario, connecting existing 

techniques designed to measure the earth’s substrate with the neurosystems of jellyfish:  

If you wanted to instrument something very very big and have a lot of sensors, but 

not have all that power and speed, in some central place, in order to monitor them 

every millisecond and decide  what to do, then something like a jellyfish 

[tentacle] might be better because it just sits there and doesn’t do anything unless 

you touch it. So that’s kind of like an “act only when bothered architecture.” […] 

So if you had some kind of system that you wanted to instrument with very low 

power, very low Baud rate [low processing speed] and no central processor that 

would do some very simple task, then [jellyfish] might be an interesting paradigm 

(Brody interview 2009).  

The company turned to Maurice Evans exclusively for the jellyfish research: his 

work on lobsters had already focused on building electronic systems “from the bottom 

up” to replicate low-level neurological patters. As Brody explained, “we needed an 

external partner who’s really competent. I mean [Maurice] has been doing biology for 35 

years. And electrical recording for many, many years, so he was a natural partner” 

(Brody interview, 2009). The company provided Evans with the funds necessary to build 

the jellyfish culture system and to hire a post-doctoral researcher to conduct the work. In 

collaboration with the corporation, Evans ultimately hired Toshiro Muraki.  

 

5.3 Muraki’s Jellyfish 

Muraki’s love of jellyfish had little to do—at least directly—with financial 

conditions of his research. It had emerged over time, out of his everyday experiences in 
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Maurice Evans’s laboratory. Understanding his love requires a detailed look into his 

work within the lab as well as an understanding of his research and the state of jellyfish 

knowledge today.  

In many ways, like the jellyfish themselves, Toshiro Muraki was out of his 

element in Evans’s lab. For one, he is not a biomimeticist. In fact, he had little faith or 

interest in the potential technological or commercial applications of biological research. 

On multiple occasions, he referred to biomimicry as little more than a marketing ploy, 

often expressing little patience for the “wild eyed” aspects of bio-inspired technological 

design. His interest resided in understanding organisms: how they move, respond, and 

how their component parts communicate with one another to constitute a whole. Like 

Evans, he lacked direct experience experimenting with jellyfish. But as the reason to 

study jellyfish had something to do with their primitivity, Muraki was well-prepared. He 

had spent almost a decade conducting research on the neuroethological mechanisms of 

horseshoe crab visual perception, the product of a similarly “primitive” design.
5
  

Muraki’s research subjects were “true” jellyfish of the Class Scyphozoa, not to be 

confused with their smaller cousins Hydrazoa or the more developed Cubazoa, also 

known as “box jellyfish.”
6
 As the oil corporation that funded Muraki’s work noted, 

jellyfish are unique organisms, possessing a relatively austere nervous system. Despite 

                                                
5
 Like jellyfish, horseshoe crabs are known for their primitivity and impressive evolutionary 

history. Both enter the fossil record dating back 500 million years. 
6
 Jellyfish are of the Cnidrian Phylum, which also includes coral, anemones, two parasitic 

organisms, hydra and Cubazoa. Hydras appear similar to “true” jellyfish in their adult form, but 

they maintain a different life cycle and transition from polyp to medusa by branching off, rather 

than through a process of stribulation (see Figure 5.2). In addition to possessing a different 

physiological appearance (with a bell shaped more like an umbrella) box jellyfish are a more 

advanced class of Cnidrians than “true jellyfish.” Their nervous system is more advanced and 

they possess fully developed visual organs. Box jellies also tend to be far more venomous than 

their cousins.  
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their “primitive” status, however, the lives of jellyfish are notoriously difficult to 

understand. Most research on jellyfish suggests (and researchers at one oil field service 

company certainly believed) that this structure of nerve centers and a nerve net cannot be 

said to constitute a central nervous system. Recent work on jellyfish has countered that 

view, however, suggesting that the concentration of nerve centers that ring the animal’s 

bell can be said to exhibit the tendencies of a centralized nervous system (Satterlie 2011). 

More importantly, this and other research has confirmed that this problem is largely 

semantic: representing how jellyfish operate using our existing vocabulary of nervous 

system structures makes an adequate description highly difficult, rendering any potential 

translation between organism and technology doubly so.  

Much of what we know about jellyfish emerged from research in Europe in the 

late nineteenth century. Scientists described their basic neurological structure, gleaning 

their accounts from a curious form of vivisection. By cutting the bodies of the jellyfish 

into various shapes—spirals, stars, and strips of different widths—they determined that 

the bell of most jellyfish is ringed with eight nerve centers, organized in a patter of radial 

symmetry (Horridge 1963). These nerve centers, often considered rudimentary ganglia, 

serve as the organism’s pace-maker, firing alternately in a seemingly random pattern to 

initiate the contractions that constitute the animal’s pulsating movement. They 

communicate with one another via a network of nerve fibers or “nerve net,” that stretches 

across the animal's body. It remains unclear, however, how the animal’s peripheral 

nervous system functions in relation to both the nerve net and these eight nerve clusters.  

This was Toshiro Muraki’s task.  

In this work, Muraki faced a number of challenges, the first among them how to 
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understand and describe the neurological functions working within the animal.  

 

Figure 5.1  Life cycle of scyphozoans.  

1-8: Planula attachment and metamorphosis to scyphistoma (polyp) stage; 9-10 – scyphistoma 

strobilation; 11 – ephyra release; 12-14 – transformation of the ephyra into an adult medusa 

(Schleiden 1869). 
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Figure 5.2  Muraki’s Jellyfish  

Sanderia malayensis Auralia Aurita 

 

 

 

 

Figure 5.3  Culturing Jellyfish  

Moon jellyfish ephyra (left) and brine shrimp cultures 

(jellyfish food).  

Polyp cultures in the lab. 
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Jellyfish are carnivorous but they feed passively, paralyzing and collecting small 

organisms like plankton and brine shrimp in their tentacles as they swim through the 

water. Their tentacles are designed to sting foreign organisms, but they perform this 

behavior without direction or intent. That is, cells on their tentacles called nematocyst fire 

automatically in the presence of a stimulus. This action does not require communication 

with the brain; the cells act autonomously continuing to sting when separated from their 

body. Feeding is a slightly different story, however. Having collected bits of food 

together in their tentacles, the oral arms, which hang down from the middle of the 

jellyfish, retrieve the food and carry it to their mouths, a behavior that seems to require 

communication with the rest of the organism. Much of Muraki’s research was designed to 

understand how the oral arms “know” when and where food is in the tentacles. Without 

direction from a distinct central command system, he sought to understand what part of 

the jellyfish gathers and communicates that information. 

Understanding the answer to Muraki’s question was clearly challenging. As a first 

step, his research explored tentacle response to mechanical and chemical stimuli. But 

rather than performing experiments on the whole jellyfish, Muraki began by asking 

questions about the capacities of tentacles alone: how did their neurons respond to 

external stimuli? In the lab, I would watch as Muraki patiently detached tentacles from 

the living jellyfish and threaded hair thin electrodes down their gastric canals. The 

electrodes fed into a differential amplifier, which recorded to a digital oscilloscope to 

produce a quantifiable reading of the electronic charge generated by the tentacle’s 
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neurons (see Figure 5.4).
7
 Muraki would stimulate the tentacle, mechanically with a 

pipette or chemically using amino acids, and the oscilloscope would register and 

categorize spikes in the electronic activity of the neurons. The set up had an auditory 

component that would emit a loud and irregular static sound whenever the neuron would 

fire. It was a feature that made it difficult for me to observe Muraki’s research; after only 

a few minutes, I often found that my nerves were frayed. Muraki’s nerves often also 

seemed frayed during these experiments, but his edginess was due to very different kind 

of noise: background activity in the lab often resulted in false readings of electric activity. 

As a result, his results were often inconclusive and many afternoons were spent simply 

attempting to control for this noise.  

                                                
7
 Oscilloscopes plot signal voltages on an x, y-axis. An electrocardiogram (EKG) is one kind of 

oscilloscope and the reading of the electric output generated from a single neuron creates a 

similar (if differently patterned) image to that generated by a heartbeat.  
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Figure 5.4  Jellyfish experiments 

The jellyfish tentacle would be placed inside the beaker on the table. 

 

This was only one of the many issues Muraki faced conducting his research.  In 

the wild, jellyfish are known for being hardy. Moon jellyfish especially seem to thrive 

even in polluted and oxygen depleted environments (Tucker 2010). After all, many 

species have survived over 500 million years of environmental change. So it is somewhat 

ironic that when they are removed from their natural habitat, jellyfish become incredibly 

fragile, their behavioral physiology ill-suited to artificial environments. Scyphozoa 

evolved not in still water, but amid ocean currents. The movement of waves is as 

important as the salinity of the water to their survival. In still water, they are 
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incapacitated, reduced to a somewhat pathetic pulsating ball on the bottom of an 

aquarium. For decades, scientists and aquariums struggled to determine the kinds of 

apparatuses necessary to keep jellyfish alive. They now utilize special U-shaped aquaria 

known as kreisels, that create a vertically-oriented laminar flow around the tank. In 

addition, the water quality of jellyfish habitats must be closely monitored and specimens 

fed three times daily. Muraki took none of this lightly. Although he had set up an 

automatic feeder for the medusa tanks, he seldom failed to arrive at the laboratory daily 

to ensure that his research subjects were well fed and that their housing system was 

problem-free. As a result of the intensity of his subjects’ needs, the central focus of his 

work over the past two years has not been research, but rather caring for the jellyfish and 

maintaining their artificial habitat. Not having expected this level of commitment 

necessary at the outset, this was a considerable source of bitterness for Muraki.  

Muraki’s problems with the work began even before the day-to-day challenges of 

his research. Muraki had meant to perform research only on one species: Aurelia aurita, 

better known as Moon Jellyfish. Eimer and Romanes had both worked on this species and 

they remain model subjects for jellyfish research. Large, translucent, and totally benign, 

they are perhaps the most charismatic of all jellyfish, found around the world both in the 

wild and in national aquarium exhibits. Muraki’s initial cultures came from one such 

aquarium. Arriving in the microscopic polyp stage, it was impossible to identify the 

species. But, as the polyps became medusas (see Figure 5.1), it was clear that Muraki had 

also been given another species: Sanderia malayensis, or Amakusa Jellyfish. These 

animals are far less common, both in the wild and in research laboratories. Their venom 

is potent and, unlike the distinctively individual moon jellies, they swim in what seems to 
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be an undifferentiated mass of pink tentacles (see Figure 5.2 for the comparison). Muraki 

kept the Amakusa nonetheless, cultivating them and performing experiments on them 

alongside the moon jellyfish.
8
  

Moreover, the system that had been built to house the jellyfish frequently broke 

down. Filtration problems and leaks were small problems that continually threatened to 

throw the system into chaos and risk the lives of Muraki’s jellyfish. To illustrate, what 

follows is an edited excerpt from my field notes, recorded September 25
th

 2009: 

One of the three kreisels in the jellyfish room overflowed again last night. Muraki 

is agitated. I ask him how it happened and we walk to the jellyfish room so that he 

can show me. The tank filters, which pull water from the surface of the tank, are 

covered with a screen designed to protect the jellies from getting sucked out. But 

from time to time, the screens accumulate a light film, which channels and 

concentrates the force of the filter’s suction. When that happens, jellyfish 

sometimes become stuck to the screen, thereby creating a domino effect, further 

concentrating and intensifying the suction, pulling more jellyfish on to the screen. 

Sucked into the filter, many of the jellyfish lose tentacles and limbs. And the 

slowed movement of water exiting the system causes the tank to overflow, 

spilling the remaining jellyfish out onto the floor.  

Muraki lost a handful of jellyfish in this event and he has quarantined the 

injured survivors into one tank. One of the casualties from the incident has lost all 

of its oral arms, leaving it no way to transport food to its mouth. I ask Muraki why 

                                                
8
 Muraki conducted research on the tentacles of both the Amakusa and moon jellyfish. A 

secondary project on the Amakusa, however, sought to understand how the jellyfish resolved the 

entanglement of their tentacles. As Evans once put the question: “how do they differentiate self 

from not self?” Another mystery that went unexplored was why jellyfish nematocysts do not fire 

(and therefore sting) parts of themselves or other jellyfish.   
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he saved it, given its likely fate, but he responds that he will feed it by hand, 

injecting a pipette of brine shrimp directly into its mouth until it regenerates its 

own limbs.  

Beyond the occasional filter malfunction, other things can go wrong in the 

jellyfish room. The system that runs seawater through multiple pipes and 

containers around the room (constructed before Muraki’s arrival) seemed 

constantly at risk of falling apart. Over the course of his tenure as a post-doc, a 

number of its component parts have broken down and he has had to replace them, 

suspending research for days at a time. Condensation around the pipes that 

circulate the room has caused mold and mildew to build up within the walls. 

Before they disintegrate completely, they will have to be rebuilt. This is a project 

that will require the entire system to be temporarily moved elsewhere. With 

obvious frustration, he says to me, "I am a researcher not a maintenance man."   

Research on vertebrate animals in university laboratories in the US requires that 

the laboratory employ a staff of professions to care for the animals, maintain their 

habitats, and ensure their comfort. Veterinary staff must be on hand to ensure the health 

and well being of these animals. It is presumed that it is not in the researchers’ interests 

(or, perhaps, beyond their capacity) to care for animals. Therefore labor is divided 

between scientists conducting research and staff members caring for the animals. That is 

not the case for research on invertebrates such as lobsters and jellyfish. Relegated to a 

lower rank, these animals are assumed to be either not in need of care or not deserving of 

it. As a result the labor of care and the maintenance of equipment and housing falls to the 

researchers themselves. Accordingly, Muraki was, in fact, often called upon to be a 
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maintenance man. And despite his voiced resentment at his situation, he continued to care 

for the jellyfish—indeed to “love” them--often unwilling to jeopardize the conditions of 

their lives for his research.  

 

5.4  Muraki’s Love 

Muraki’s love for his research subjects does not appear exceptional at first glance.  

Bonding with laboratory animals is a well-documented occurrence, even if it is seldom 

the scientists themselves who do the documenting. In Hank Davis and Dianne Balfour’s 

1992 edited volume, The Inevitable Bond: Examining scientist-animal interactions, for 

example, contributors Daniel Estep and Suzanne Hetts work to outline the “basic kinds of 

interactions, relationships, and bonds that can form between scientists and their animals 

and to explore the theoretical basis for such phenomena” (Estep and Hetts 1992: 18). 

Drawing on developmental psychology and, in particular, attachment theory, Estep and 

Hetts speak of the inevitability of various kinds of bonds to form between human 

researchers and animal subjects, claiming that it is a relationship that “can be ignored or 

studied and used to advantage, but it will not cease to exist” (20). From their perspective, 

at the center of this bond is the communication that emerges in the course of human to 

nonhuman interactions. A chapter on reptiles, for example, goes to great length to 

enumerate clear examples in which snakes, tortoises, iguanas, and Komodo dragons can 

know and respond to individuals who are significant in their lives. Another chapter on 

cephalopods (the only invertebrates featured in the volume) focuses on the social 

interactions between the animals and their caretakers, the ways in which animals interact 

by spitting on researchers, thwarting experiments, or engaging in theft, deceit and other 
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disruptive actions. 

Muraki’s relationship with his jellyfish does not fit these descriptions of bonding: 

they do not respond or react to his presence. Whether they have any awareness of him (or 

themselves) is highly questionable. If there are communicative traits with which we 

typically forge bonds with animal life, certain forms of reciprocity through which we 

acknowledge the liveliness and often ethical standing of other creatures, they are usually 

understood through looks, gestures, body language, vocalizations. Jellyfish are capable of 

none of these expressions. Indeed, given their failure to reciprocate an awareness of life, 

these creatures may be better compared to plants rather than animals. Their lack of ability 

to appreciate Muraki’s presence, let alone the work that he does to sustain their lives, 

raises significant questions regarding this notion of “love.”   

And yet, despite their lack of awareness, Muraki seemed to suggest that the love 

of his research subjects had emerged out of some form of communication. In the winter 

of 2009, I presented a conference paper that began as the basis for this chapter. I shared it 

with Muraki and it sparked several conversations – Muraki might have seen them as 

arguments – about the meaning of his love, and whether it carried the potential to become 

a powerful force in the constitution of scientific practice. In elaborating his views on 

love, he spoke of respect and empathy, of our need to try and feel what the jellyfish feel 

because “we live at the same scale.” It was this shared scale of life seemed to create the 

foundation of communicative action for Muraki. He mused that microbiologists and 

physicists have it easy; the scale of their research allows for a more objectifying view of 

their subjects and inhibits any meaningful form of communication. The task of those who 

study animal life, on the other hand, involves working with things at the same scale of 
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life as our own. This, he argued, requires a level of compassion that often gets in the way 

of science as it is practiced today. Muraki acknowledged that his views were at odds with 

the structure of science in the contemporary university, where animal subjects were 

seldom treated with respect and the typical routine for scientists involved arriving in the 

laboratory, selecting and killing the appropriate organism, and conducting their 

experiments, at which point the animal body would be discarded without thought. This, 

he suggested, was the expectation. But, he asked me, “How can you really know how 

something works if you don’t spend time with it and get to know it and respect it?” We 

may not be able to feel the same thing, he told me, but with attention and care we can 

imagine what happens to, and on, their body. This was a kind of instrumental love – its 

goal was knowledge -- but it was born of a strange form of communication through 

empathy and imagination.  

As noted, Muraki’s love had been productive of little beyond Muraki’s regimes of 

care and the reproduction of his jellyfish. Here, within the contact zone of Muraki’s 

laboratory, the path between jellyfish and oil well technology—and perhaps science and 

biomimetic innovation in general—broke down. Given the frequent interruptions, Muraki 

has yet to publish any results from his research and he has failed to present the oil field 

industry with any information that might be applied to the development of oilfield 

technology. Brody declared the research as “high risk,” expecting that there was a good 

chance that it would fail. And, indeed, it seemed that the jellyfish would remain 

indecipherable, the information held in their tentacles ultimately unproductive for the oil 

service industry. If the intention for which the jellyfish had been enrolled in oil extraction 

had ever been fully articulated, it began—like Maryanne Moore’s intentions—to recede 
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in the “contact zone” of the laboratory.  

That is not to say that Muraki did not labor. On the contrary, he expended 

considerable efforts in caring for and studying his jellyfish. But this labor bore little fruit 

as his work and the life forces of the jellyfish were largely inoperative for the systems 

that attempted to enroll them. The jellyfish failed to communicate both in their embodied 

form as well as through their detached tentacles. But in an attempt to “get to know” the 

animals and ensure their daily existence, Muraki often placed his own daily 

reproduction—and that of his family of four—in jeopardy. Muraki was in the laboratory 

seven days a week, often for long hours. His intense care of the jellyfish and his desire to 

maintain the life of every last one resulted not only in this incredibly intense workload 

but also his alienation from the other humans with whom he worked. Muraki’s direct 

supervisor, Evans, and his colleagues in the laboratory understood his dedication to his 

subjects as a distraction, a pitiful excuse for his seeming inability to perform successful 

experiments on the animals. Muraki’s position was therefore highly precarious. Indeed, 

Muraki’s “love” of the jellyfish seemed counter-productive, a liability rather than asset 

for everyone involved with the exception—maybe—of the jellyfish themselves.  

What, then are we to make of Muraki’s love and his inability to render jellyfish 

productive for petroleum or the university? Does it constitute a form of resistance? Can 

his vulnerability and his commune with the jellyfish form the basis not only for political 

thought, but political action?  

 

5.5 Constituting Love, Constituting Politics in the Contact Zone  

Haraway’s account of contact zones—where we meet human and nonhuman 
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forms of life that take shape in a system of co-becomings—might lead us look upon this 

love with approbation. Within the wet room of the laboratory bunker, Muraki’s was a 

generative love of co-constitution between species. It was a love that led Muraki to speak 

of and perform an ethics of care and respect, to which Haraway suggests scientists and 

others ought to aspire. Moreover, Muraki’s love evinces an interspecies practice that is 

“unruly”—incapable of incorporation within dominant regimes of value. Through his 

refusal to bow to the pressures of research and technological production (and perform 

with the speed and apparent carelessness with which he characterizes contemporary 

scientific practice), he offers us a way of seeing and valuing life for reasons other than its 

potential exchange value. Indeed, he provides us with reasons for valuing life in 

“immeasurable” and even at times unspeakable terms. Moreover, the jellyfish flourished 

(or at least survived) under Muraki’s watchful eye. But there was little indication that the 

animals benefitted his life in any material way. If anything, they seemed a detriment. 

Therefore, even as Muraki’s practice—and his love—seemed to grow, this co-becoming 

between two species seemed constitutive of very little beyond or outside of it. After some 

time, I therefore began to wonder if this love risked becoming little more than a kind of 

one-sided “utopia of autism” for an interspecial “two”, only one in which the love was 

not even reciprocated.  

Rather than an end in itself, however, Muraki’s love might constitute the 

beginning of politics. The relation between man and jellyfish further recalls the work of 

Judith Butler who, like Haraway, is concerned with remapping ethical and political 

terrains through events of love. Although her work has little to say about interspecies 

relations, Butler draws our attention to another aspect of the nexus of human and jellyfish 
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that we find in the lab: that of the vulnerability of bodies. The body, she writes, “implies 

mortality, vulnerability, agency: the skin and the flesh expose us to the gaze of others, but 

also to the touch, and to violence, and bodies put us at risk of becoming the agency and 

the instrument of those as well” (Butler 2004: 26). This vulnerability renders the body 

public, a part of things outside of itself. It therefore creates a ground for political and 

ethical engagements with the world: “given over from the start to the world of others, [the 

body] bears their imprint, is formed within the crucible of social life” (ibid.). Butler’s 

work draws our attention to the kinds of embodied vulnerabilities circulating in the 

laboratory. There, the fragile bodies of jellyfish and the fragile labor of a post-doctoral 

researcher come to constitute a way of thinking scientific research that exceeds pure 

instrumental reason. In his work with the jellyfish Muraki faced daily the bare fact that 

his work and his life were reliant on the lives of the jellyfish. Even more palpably, their 

lives were reliant on his and his alone. The two were in a relationship of strict 

interdependence. He became attached to the jellyfish, to their bodies and their survival.  

By drawing our attention here to the vulnerability of bodies, Butler’s work also 

helps to show that these relationships are forged from more than bodies alone. Muraki’s 

love is as much a part of the laboratory, the kreisels, the water filtration system, the 

molding walls, the jars of brine shrimp as it is a part of their bodies and behaviors. 

Indeed, these events, technologies, and things are all a part of the constitution of bodies in 

the lab. All of this suggests that Muraki did not become attached to the idea of jellyfish in 

the abstract. After all, he was not an advocate of the preservation of jellyfish life beyond 

the laboratory nor did he express much affection for jellyfish residing elsewhere. Rather, 

he was attached to these jellyfish, existing in their fragile state within this laboratory, in 
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combination with a housing system that only barely managed to sustain their life and a 

set of research practices that routinely failed to discern the inner mechanisms that 

constituted and organized that life. This was love born of an assemblage, an apparatus, an 

event. 

Extending Butler’s writings on bodies, we may then consider events taking place 

within the contact zone of the laboratory a starting point or grounding for political and 

ethical commitments. Indeed, my later conversations with Muraki supported that 

conclusion, turning as they often did to political and economic conditions in Japan and 

the US and their bearing on scientific practice. In a conversation that I did not record, for 

example, Muraki lamented that his love for the jellyfish and his views of research are not 

appropriate for a scientist today. There are too many pressures to publish, he told me, too 

little time to spend with the animals. He described his own position and how his refusal 

(or inability) to perform to these metrics had placed him in an incredibly precarious 

position. The continual drive to publish within academia had, he thought, hamstrung 

scientist’s ability to work with an adequate measure of care. When I asked him what he 

thought possible solutions were to these constraints, he expressed tremendous frustration, 

replying that they reflected broader social trends and that for anything to change, we must 

change life altogether. Incremental transformations, he noted, were insufficient.  

Within the laboratory, Muraki expressed the kinds of sensibilities of which I think 

Haraway and Butler would both approve: his love of the jellyfish and his scientific 

practices seemed an expression of being and becoming “worldly.” But, Muraki’s love 

was a complicated one. Forged through connections with a system of higher education, 

the oil field service industry, and a broader petroleum economy, it drew on and drew him 
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into these institutional apparatus and social and political conditions in the US and across 

the globe.  

Moreover, in terms of influence I never witnessed Muraki’s sensibilities being 

shared or acted upon even in conjunction with his colleagues – it seemed that the 

tentacles of his love were repeatedly cut off before they could extend outward beyond the 

laboratory. Indeed, while this love may have transformed Muraki’s subjectivity vis-à-vis 

his research, and for how he understood his own autonomy, that of his family, the lab, 

even the productive lives of humans in general, it was a love that not only remains for 

him a liability, but which also has no foundation upon which to grow, expand, or 

circulate. Rather than a generative love, it seemed confined to small collection of 

unseeing, unthinking beings that, arguably, could neither perceive nor reciprocate it.  

Withdrawn from participation in productive activity, Muraki’s love seemed to fail not 

only in its expectations, but also as a form of resistance, as his life and those of the 

jellyfish were withdrawn from systems of value operating outside the small space of his 

lab. 

If this story reveals that the intermingling of species in the contact zone is 

insufficient to effect transformation beyond the laboratory, how does it bear on “love” as 

a foundational concept for political thought and action? If it appears here as potentially 

powerful, but ultimately impotent, should we abandon “love” as a political project and 

leave it for to the abstract realms of poetry and music? In the context of Muraki’s love, I 

can only speculate. But attending to different accounts of the political potential of love 

may shed light both on why Muraki’s love falls short and on how it might be expanded.  
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5.6 A(n Interspecial) Love Beyond Measure 

Seeming at first similar to Haraway’s, Antonio Negri’s writings on love (alone 

and with Michael Hardt) give us a different account of the concept. Both Haraway and 

Negri write of love in the constitution of newly conceived social forms. But while for 

Haraway, love resides in between living things in a kind of ethical co-production, it is, for 

Negri, something else entirely:  the constitutive power underlying all production. For 

Negri, love is not an expression that elevates some relationships, spaces, forms of play, or 

political programs over others (after all, fascism too is the expression of love). Rather, it 

is a necessary force in the constitution of being, an “ontological event in that it marks a 

rupture with what exists and the creation of the new.” In A Time for Revolution, Negri 

uses love as synonym for the creative force of living labor, referring to it as “an 

immanence that generates” (2003: 200).  

It is upon his particular understanding of love upon that Negri builds his 

conceptions of both the multitude and the common. For Negri, “the common” describes 

both the materials for and products of the transformative power of living labor, not as it 

emerges from the individual, but as it emerges collectively through existing social and 

material relations. Referring to forces of production constituted within the common as a 

“transvaluation machine,” Negri writes of technological apparatuses and bodies working 

together in production. This is “a machine that weaves together the dispositifs of the 

singular possibilities of bodies, constructing within the multitude a rich and common 

texture that fills the void of being” (2003: 220). That is, this transformative process has 

the capacity to move beyond what is and engage in bringing what is not-yet into being. 
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It is in this context that Negri understands love as the ability of living labor to make 

things otherwise: to redesign, reassemble, and reconstruct life as we find it in the “this 

here” of any given contemporary moment. Moreover, for Negri, this love carries with it 

political salience: the constitutive power expressed by “love” hinges upon what he 

considers its fundamental immeasurability. For Negri those who love—the “poor” in his 

language—actively engage in the constitutive processes of production, as it is they who 

must continuously work, communicate, and improvise in order to find ever more creative 

ways to survive (through exchange with a wage or through some other means). The need 

to perform this function—a need driven by poverty—is the ontological basis of love. The 

wealthy then only subsist on this activity of others, literally feeding off of it.  

As we saw in chapter three, Negri’s reading of biopolitics focuses on the erosion 

of a distinction between production and reproduction in which the very act of living is 

subject to the measure of exchange value. Creative activity is continuously harnessed and 

reappropriated within circuits of capitalist production and accumulation. In this moment 

of real subsumption it becomes increasingly clear that what we constitute with our 

re/production is life itself, revealing the parasitic nature of capitalism ever more clearly.  

That is, Negri’s notion of love as the practice constitutive of the ‘common’ advances the 

Marxist view that capitalism itself produces nothing, but rather robs the surplus that is 

generated by living labor.  

Negri sees in real subsumption a moment in which capital’s incorporation of all 

aspects of life can be turned on its head. As Zizek explains of Negri’s position, 

production (material, economic, ecological) then “becomes political production 

directly—the production of society itself [thus opening the way] for ‘absolute 
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democracy,’ for the producers directly regulating their social relations without even the 

detour of democratic representation” (Zizek 2007: 47).
9
 In this way, the transcendent 

powers of the state and capitalist measure appear as superfluous and, accordingly, the 

traditional political need to govern populations and manage the production and 

distribution of surplus by way of force or money is—at least in Negri’s mind—rendered 

irrelevant. 

 

5.7 Biomimetic Love 

Of the contemporary moment, Negri writes that the achievement of real 

subsumption “is so intense that it could appear to be the ‘extinction’ of capital in society” 

(2003: 238). That this potential exists in appearances suggests that there is something 

hopeful to be found there. But, Negri continues, “it is not so.” At least not yet. The 

violence of reducing life to a single, commensurable form of measure and the forceful 

exclusions that accompany that reduction persist. Indeed they seem to have accelerated. 

In response, Negri prescribes “taking leave” of the powers of the state and capitalism 

while simultaneously creating “new temporality in order to determine new power.” But, 

Negri writes, this requires more than taking leave: “if power is the measure of exclusion, 

to take leave while constituting (constituting new power) is to take leave with the 

                                                
9
 Although beyond the bounds of the dissertation, it is worth noting here that in the US, if this 

trend can be said to be bearing out in the sphere of politics, its outcomes have caused not an 

intensification of democracy, but its diminishment. Rather than labor unionists and activists for 

social justice, libertarians and members of the Tea Party movement have co-opted the discourse 

around smaller government, cycling some of the tendencies that Negri has written about—namely 

the appearance of an increasingly irrelevant state—into a more intensified belief in the rule of 

measure and the belief the market’s role as a beneficent and democratic regulator of social 

relations. These champions of the market have so thoroughly commandeered the discourse 

around issues from public education to welfare and national debt that the space for debate both 

within congress and in the media has been heavily circumscribed.  
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excluded, with the poor” (2003: 241).  

This is a politics of Eros, through which love becomes the “artillery” of the poor 

against a system of value that works continuously to appropriate its power. The weapon 

is only productive potential and an ontological capacity for innovation. This is a weapon 

that can inflict damage on the system of capitalist accumulation only through its 

withdrawal. This shifts the terrain of political struggle: rather than a politics that is 

against capitalism, Negri writes of a politics that is for love and the forms of life that we 

hold in common. The struggle then is not over forms of production per se, but over its 

value as measure and capital’s parasitism on production through it. The political project 

then becomes about redirecting surpluses so that they enhance the common rather than 

capital and expand joy in our forms of production rather than circuits of commodity 

exchange. A politics of love begins then with the productive power of a collectively held 

potential to transform social and material relations and revalue production.  

The question that these events therefore provoke is: How do we encourage the 

expansion of love and its expansive tendencies in such a way that they become value-

less—that is, irreducible to their potential to generate exchange value—without becoming 

worthless? The answer has much to do with how we understand the contours of the 

contact zone. At the outset of this chapter, we placed considerable hope in how we 

construct our relations with other species. Muraki’s ethic of care—the love and respect 

that he developed for the creatures with which he was charged—was an incredible 

development. But it was ultimately insufficient. His relations of care never moved 

beyond the confines of his laboratory, they never became more than a micro-practice of 

relations. Drawing on Negri’s bridging of love and living labor, what we may need is not 
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only a politics of love, but a renewed politics of interspecies labor, in which the 

conditions of value production are recognized fully, in consonance with the human and 

nonhuman elements and the affective relations between them that constitute it. What we 

need is an inter-species politics of value capable of taking us beyond measure and value. 

In the concluding pages, I ask how biomimicry might take us there.  
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Conclusion. 

 

Biomimicry transforms life. Throughout this dissertation, I have attempted to 

explore the multiple ways that it has done so. I began with the practical aspect. Through 

an analysis of gecko-mimetics, I detailed how biomimicry upends relationships between 

humans and nonhumans, rendering animal capacities in particular as an endless collection 

of traits—evolutionary techne—to be coveted by (our limited) human bodies. This 

animal-envy has sparked a reimagining of life in terms of capacities and functional traits, 

rather than whole organisms, subsequently repurposing them within the frame of an 

“engineering mindset.” I have further shown how biologists, engineers, and the 

institutions that fund them attempt to overcome life’s more stubborn qualities through 

their incorporation in machinic technologies. Recalling documents detailing military 

strategy in the twenty-first century, however, biomimetic technologies are often less the 

expression of a desire to control life than to make it “work for us rather than against us” 

(Mazarr 1994: 2) by disembodying the products of evolutionary change and re-

embodying them as “TechnoLife.”  

Part of understanding how this transformation took place has necessitated an 

analysis of biomimicry’s history, the ways in which its multiple and often incongruous 

practices have allowed it to “take hold” as a field of scientific production. While I began 

with a look at the technological developments operating within biological and 

engineering science, each of the chapters outlined biomimicry’s rise as part of a set of 

socio-political conditions and practices of value production within the economic and 
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political conditions of the present. Attempting to create a “cartography of value” out of 

several biomimetic projects, I mapped their contours within geopolitical transformations, 

the environmental movement, institutions of higher educational, and the “contact zone” 

of a laboratory that exceeded the confines of its walls. All of this was part of efforts to 

understand how biomimicry is changing the bios of biopolitics at a material level.  

Where does this reconceived bios then take us? With biological traits now, as 

Dillon and Reid wrote in 2001, “recombinant,” how do we read the emerging relationship 

between life and politics?  

Despite the avowed potential of biomimicry to result in more humble and eco-

aware human subjectivities voiced by its most ardent advocates, many of its projects 

reveal intimate links between the field and U.S. geopolitical strategy. The contours of 

battlefields in Iraq and Afghanistan as well as the perceived threats of asymmetrical 

warfare have heavily shaped the biomimetic field and redirected biological research, 

weighting it toward the capture of traits and capacities expressed in animal life that are 

easily transformed and re-embodied in technological objects. From gecko adhesion to 

flapping flight and lobster neuroethologies, global biological resources are being 

“displaced” in relation to contemporary and emerging biophysical landscapes of war. 

Accordingly, biomimetic research has been heavily influenced by, and incorporated 

within, DoD efforts to maintain U.S. military and economic power. This, in turn, has 

drawn the populations emerging in opposition to an increasingly globalized social and 

economic society—for example Al Qaeda’s distributed network, the Taliban in 

Afghanistan, the insurgencies of the Iraq war, or the other real or imagined threats to U.S. 
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dominance in an era of asymmetrical warfare—into the everyday practices of biology 

laboratories in the U.S., where animal life and those who study it are expected to provide 

the knowledge to overcome those threats. This involves more however than a simple 

transposition of animal forms into technological objects. Instead, these emergent 

arrangements work to harness the productive potentials of life and its multi-varient 

capacities to adapt. 

At the same time that biomimicry’s formulations of TechnoLife have offered the 

DoD new resources for overcoming geopolitical problems in the late twentieth and early 

twenty-first centuries, it also offers new opportunities for confronting the problems of 

twenty-first century capitalism. By viewing life’s capacities as resources for innovation, 

the practice of biomimicry offers new materials and means for production and generates 

novel products, markets, and sectors of capitalist development. Even more so, however, 

its enrollment within environmental discourses by Janine Benyus and the biomimicry 

movement smoothes over tensions between capitalist industry and ecological 

sustainability. Where capitalist development was once understood to be incompatible 

with life and expected to run aground on “nature’s limits,” biomimicry offers an 

alternative vision: one in which life’s biological capacities are reimagined not as 

“limited” but as endowed with limitless potential that can be extracted and repurposed for 

eco-friendly product (and profit) generation. The value of those biological properties 

becomes synonymous with exchange value through their re-embodiment as technological 

commodities. That they do so suggests that biomimicry marks a moment of the real 

subsumption of all life—human and nonhuman—within capitalism’s logics and its 
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attendant social structures. As Nicole Shukin has argued, “the ability to distinguish 

between animal and capital dwindles in the globe-mobile of market culture” and “animal 

life ceases to mean and matter in ways capable of challenging its symbolic and carnal 

currency as capital.” By remaking life as TechnoLife, biomimeticists render biological 

properties easily appropriated by regimes of measure and exchange as well as “logistical 

life,” making them readily available for the institutions that employ those logics. 

Capitalism’s continued maintenance benefits from these well-processed forms of life as 

they provide it with new resources and a means of ‘naturalizing’ its forms.  

All of this stands against the claims made by Benyus and others within the 

biomimicry movement that the practice will forge a revolution in production and a 

transformation in human subjectivity vis-à-vis animal life. Rather than opening up the 

potential for nonhuman life to be radically re-valued (and, subsequently, human action to 

be radically de-valued), Benyus’s vision of biomimicry points to a way of life in which 

all interactions among humans and with nonhumans become potential resources for 

capitalist innovation through biological recombination. That is, today biomimetic 

practices have been more engaged in generating forms of life “conducive to” capitalist 

value and national defense than forms of “life conducive to life.”  

Events in which humans “become with” these disembodied and re-embodied life 

forms may not offer the kinds of “autre-mondializations” for which we may hope. 

Indeed, biomimicry’s disembodiments and re-embodiments of nonhuman life forms 

parallel ongoing socio-economic tendencies within an era of “real subsumption” and the 

attendant subjectivity of American workers. These include the increasing demands for 
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(and supply of) “flexible” labor as well as the ongoing delegitimation of forms of labor 

resistance. The 2008 economic downturn has served to produce a nervous and highly 

productive workforce. Unemployment numbers and stories of the unemployed—out of 

work for four, ten, twenty-four months—work as a cautionary tale in what are thought to 

be “austere” economic times: idle time or performing as anything other than a model 

employee is an invitation to be laid off. The erosion of social services in the U.S. gives 

rise to an even greater anxiety. Even those who are out of work—including those in 

established careers, but especially recent college graduates—have embraced 

opportunities to perform unpaid labor as a means of gaining or maintaining the skills that 

those on imagined future hiring committees will appreciate. Thus, even when we are not 

working, we are still at work.  

At the same time, resistance to existing working conditions seems to have faded 

from the social consciousness. Even before the recession, refusal to work on a collective 

scale in the form of labor strikes had been increasingly delegitimized both through 

legislation like New York State’s Taylor law and (even more so) through a sea change in 

American popular opinion, which seems to equate unions with bloated bureaucracy. 

These economic conditions foster a “work (quickly and without complaint) or die” 

mindset among laboring populations. As Marx wrote of this tendency in the Grundrisse, 

it produces subjectivities that deny him/herself “more and more rest.” Even more to the 

point, in the grip of such subject positions, workers deny “any existence other than 

his[/her] existence as worker, and being as far as possible a worker only” (1974: 289). As 

philosopher Mark Kingwell pointed out in a recent essay, these tendencies among 
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humans generate the very desires that they are meant to satisfy, as the goal of production 

is directed increasingly toward the creation of more reasons to go to work (2011). In a 

state in which our desires become tied intimately to a desire to work, there seems to be 

neither room nor need for recalcitrance. Hence, in an era in which we seem to know no 

alternative, resistance to capitalist forms of production appears to have lost both force and 

necessity. Although this creates a seeming homology between the production of our 

desires and the expression of our own production, this hardly seems a harmonious state of 

affairs.  

The Biomimicry Institute and Guild have extended these tendencies beyond 

human subjectivities to include even biological life forms and ecological habitats. Their 

“Innovation for Conservation” program, which promotes the conservation of animals and 

ecologies that have directly produced biomimetic materials, ties the right to live of 

nonhuman species to their capacity to produce value for capital. Here, the “work or die” 

sentiment is conferred to nonhuman life, with “work” now understood not as labor but as 

the capacity to function as technological potentials. Here too, the myth of meritocracy is 

reinforced as the notion that survival and success—the very ability to work within the 

contemporary system of production—are the outcome of a species’ intrinsic qualities.  

Among the many problems with this is that it manages to thoroughly undercut the 

stated aims of the biomimicry movement: rather than making nonhuman life matter by 

generating the means for its (re)valorization, and rather than contributing to the 

production of goods and services that promote joyful encounters between species, 

biomimicry seems only to have enrolled all of life, as potentia, within ever more intense 
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circuits of production and consumption.  

Despite, or perhaps because of this state of affairs, there may yet be some avenues 

through which the tenets of biomimetics may offer valuable lessons for imagining social 

and ecological relations that are not so easily captured by capitalist exchange value and 

profit-motives. By transforming biological life as a collection of capacities and traits 

rather than bodies, species, and systems of fixed relations, as well as by disembodying 

and re-embodying forms of life, biomimicry still promises to create a set of openings 

between human and animal life forms that, quoting Guattari, run “counter to the ‘normal’ 

order of things” (1989: 136). To conclude then, I want to draw on what we have gleaned 

from the complex cartographies of biomimetic practices and TechnoLife to explore their 

potential to take us beyond capitalist measure and exchange value.  

Narrated by Benyus, biomimicry’s imminent eco-revolution rests upon a certain 

understanding of evolutionary change, one in which biological life “creates conditions 

conducive to life.” That is, while industrial human production generates waste, pollutants, 

and other damaging conditions that have, to date, rendered many parts of our planet 

unlivable, biological life generates processes and forms that engender new life, creating 

hospitable conditions for future generations as well as other species. Although her goals 

are ecological sustainability, this concept of life’s processes is the same as that of U.S. 

military strategists who similarly imagine evolutionary processes as a form of research 

and development.  

This narrative has been bent on proving the productivity of nonhuman life - its 

capacity to create things optimally and efficiently in a given context; to generate use 
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value for “life.” But among biological and technological forms this “normal” order of 

things is actually highly abnormal. To begin, as I have shown, biology and technology 

both are not so easily enrolled within the systems that seek to harness them. As in the 

case of Muraki’s jellyfish, translating life into the language of engineering is often 

exceedingly difficult. And our ability to make the jump from animal capacity to 

technological object is never seamless. Indeed, outside of narratives that laud 

biomimicry’s power to re-produce life, both technological and biological forms of life 

often remain recalcitrant.  

Moreover, as a number of my research participants noted, evolution is not the 

same thing as progress. It is not a form of “research and development” and it does not 

produce “optimal” forms of life. Rather, existing expressions of life are forged through 

mutations made seemingly at random. Their evolutionary “success” is a marker not of 

perfection but a strange adequacy that enables an organism to reproduce within the 

context of a given assemblage. At times, these characteristics generate conditions 

unlivable for other forms of life (think, for example, of parasites and viruses). Much more 

often, however, they engender highly irregular and inefficient designs. While these 

evolved traits enable survival or the capacity to attract mates, they often are neither 

robust nor highly sustainable (the evolutionary fragility of the giant panda offers a good 

example here: their limited diet of bamboo both provides them with little energy and 

renders them at high risk of extinction in the event of rapid ecological change).  

As presently conceived by advocates, biomimicry proceeds by ignoring these 

inconvenient qualities of biological life. Among many scientists, the success of the field 
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relies on their elimination, as they consider behaviors and architectures such as the bee’s 

waggle dance and the complexity of their wings to be too particular, too inefficient, too 

strangely encumbered to be of use as TechnoLife or valued for national security or for 

capitalist innovation. In both cases, these appropriations of biology persist not by 

enrolling animals or even working to harness the fullness of their potential, but by 

denying their very existence by seeing some capacities rather than others. While literature 

on human-animal relations maintains the importance of eliminating distinctions and 

hierarchies between them to produce forms of production that are not predicated on 

superiority and domination, this indistinction renders “recombinant” life—of both 

humans and animals—even more conducive to capitalist and state forces that seek to 

harness its powers.  

Therefore, I have claimed that biomimicry enables power to feed on life in new 

ways, allowing it to newly take hold of biological life’s most basic attributes as Natura 

Naturans: life in its capacity for production. But in spite of this, and even as 

biomimeticists tout their successes and celebrate the profit-generating capacities of their 

work, the marriage between biology and engineering reveals limits to these self-

representations. As I showed in chapter four, scientists involved in the RoboBee project 

had to adapt to the recalcitrance of both their biological muses and technological 

capacities, rendering their work more akin to the forms of “tinkering” and bricolage that 

they associated with evolution rather than to the ‘purposeful’ work of engineering. 

Moreover, as we saw in chapter five, conditions of labor within the laboratory are often 
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heavily influenced by the fragile conditions produced when biological life and 

technological apparatuses come together.   

If institutions of production—such as those of higher education—place 

researchers and practices of scientific production in “close proximity” to the value 

structures offered in and through capitalist production, the marriage between engineering 

and biological study also places the same researchers in close proximity to other 

possibilities, including the possibility to not produce. Like Muraki’s love of the very 

stubborn and fragile jellyfish, laboratory “contact zones” may create the conditions for 

humans to join in alternative forms of life in which humans are not the only producers. 

Even as biomimeticists seek to disembody animal life, they also must abide with those 

animals: at least, so long as they have the time and resources to do so. As my interviews 

with investigators on the RoboBee project made clear, however, time is a limited 

resource in the production of university science and, increasingly, those who manage and 

direct biomimetic production in the university laboratory are seldom the same people 

who produce the research. A science that ‘abides’ with animals takes time. Therefore, it 

is not likely that new forms of human animal relations will “take hold” or expand without 

first transforming the value structures of the institutions in which they are produced. 

Finding ways to unify and enhance the circulation of joyful production of and with 

recalcitrant organisms and technologies may require joining forces with animals in 

different ways—ways that “take leave” of narratives that equate purpose with exchange 

value and profit with success to embrace practices of human-animal bricolage.  
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