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That they are able to fly by an indirect route
and yet reconstruct the true direction without
the aid of ruler, protractor, or drawing-board is
one of the most wonderful accomplishments

in the life of the bee and indeed in all creation.

— Karl von Frisch, The Dancing Bees

Quite often the Second World War is represented as the
dividing line between two worlds: the industrial era of mod-
ernization and the postindustrial era of computers, network
technologies, and “postmodernization.” The concerted planning,
funding, and building of intelligent information systems from
signal engineering to computing and social systems took off
during that postwar period branded by the Macy Conferences
in Cybernetics (1946-1953), officially titled Cybernetics: Circu-
lar Causal and Feedback Mechanisms in Biological and Social
Systems. The conferences synthesized much of the interest in
research into animal worlds, affects, and technological systems
and represented a peculiar social institution in themselves—
something that has not escaped the interest of cultural theo-
rists and historians. John Johnston offers, to my mind, the best
and most refined analysis of the significance of that cybernetic
period as a rethinking of the various complex ties among actual
machinery such as computers, information and control sciences,
and the refashioning of living systems as information entities
instead of heat engines. The coinvestigation into computing
and how life is fundamentally conceived is defined by “the reg-
ulation of passage of information,” which incidentally pointed
out for writers such as Norbert Wiener not only the importance
of Gibbsian statistical mechanics but also the crucial context
of “Bergsonian time,” which both living organisms and modern
automata shared.

However, most often the critical focus has been on the theo-
retical and practical discourses surrounding human-machine in-
teraction. The talk about "giant brains” and “thinking machines”
was only the popular cultural tip of the iceberg in a much more
complex field of translations among informatics, psychology,
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on formalizing the functions of thought was taking place. The
research surrounding computers was focused on the specif-
ic faculty of thinking, and the human being was seen as the
ultimate behavioral and architectural model. Physiology fed
into design of computer systems that remediated organs and
memory as if in the human “system.”2 Popular representations
of science embraced these references to similarities in machine
and human brains,® and indeed the scientific discourse used

a lot of biological metaphors as well: John von Neumann's
pioneer research relied much on such metaphoric uses, in
which the radically nonhuman wiri ngs of computer architec-
ture were made familiar with the help of ideas relating to the
human measure and phenomenology. Quite strikingly, technical
media that had not much to do with the human dimensions
were mapped onto the human body plan that had structured

. politics and models of thought for centuries. For example, the

McCulloch-Pitts model of the brain neuron provided a bridge
petween fleshy embodied brains and logical patterning that
could be used to build computer “brains.” Despite attempts
of this type, using the human being as a model of intelligence
~ to cover the material reality of the world, the problem was far
- | from resolved, as N. Katherine Hayles has remarked. Contin-
- uously haunting the scientists was the task of “how to move
~ from this stripped-down neural model to such complex issues
~ as universals in thought, gestalts in perception, and represen-
 fations of what a system cannot represent.”* No matter how
- well thought, there always remained a fringe of unrepresent-
able stuff in/of the body,

. As Hayles notes, Warren McCulloch was continuously
u::i_nterested in the importance of embodiment for calculations,
;_The drive was toward seeing how human beings and comput-
ers could share a similar ontological background in flows of
binary codes. This could be seen as part of a very pragmatic
‘management task” of controll ing the temporality of aninal
bodies in terms of informational events, Hayles continues that
| _cCuIJoch was continuously interested in signal processing,
Where the signal is always a very material one. What interests
Hayles is how concepts such as the McCulloch-Pitts neuron
od as “liminal object(s)"® that helped to translate between
iterests in mathematics and concrete embodied constructions,
pparaphrase Hayles, the embodied constructions provided an
Fllective way to value cybernetics “in-action.” Indeed, a whole
! erngﬁc 200 emerged after the Second World War, ranging

m William Grey Walter’s robot tortoises to Norbert Wiener's
th automata that reacted to light (the moth working toward

E, the bug running away from light) and from Claude Shan-

S mgze~§olving rat devices to the interest in ant and bee
:ﬂmunlca.tlon that emerged in the midst of the Macy confer-

! ?5- Animals were at the core of the cybernetic interest and
n:tm toward the informatic biopower of network society. As
rac?:r_has recently demonstrated, the postwar period can be

b ized as one of a systematic rethinking of the relations

ﬂ']l Physical processes (life) and information (comput-
IOUrS:;Ymp_tomatic machine). Such transactions between
: Ui‘nizrro}flk‘ded.a new ontology for rethinking “computa-

=I5Ms, " as in the case of cybernetist W. Ross Ashby's
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suggestion that any system that is sufficiently complex and
dynamic will produce a group of crganisms specific to it.”

This chapter focuses on the zoology of communication and
cybernetics. Embodied forms of life became of crucial interest
for the emerging technologies and discourses of control. Deal-
ing not only with disembodied logics and a Platonist dualism of
body versus matter, they more closely suggested translations
between different spheres in terms of pragmatics: what works,
what does not. Experiments along these lines emphasized the
contrast to the post-1956 artificial intelligence research that
focused more on disembodied logic and cognitive psychology;
cybernetic zoology relied on the embodied and contextual g#i-
malify of both machines and nature.® This insistence on embod-
iment inherent in the new regimes of cybernetics, informatics,
and their machines and robots can be further connected to the
themes and arguments I have suggested concerning biopower
and the capturing of animal affects in the culture of technical
modernity. In addition, in this latter context we see the theme of
technology or media emerging as an animal or even an insect.
Naturally insects were not the only gnimals discussed, but they
represent one particular example that was of interest in terms
of their less brainy but complex modes of action, behavior,
perception, and, not least, communication.

Communication was of special interest in the postwar situ-
ation. As Charlotte Sleigh argues, the communication was well
recognized in terms of the funding and attention it received in
the United States. Animals provided examples of “effective ofi- -
entation and meaningful communication”® in a manner that was
to be directly translated into military and social tools. From ants
to bees, fish to various other examples that could be turned
into cybernetic circuits, communication was seen not only in
technological terms. Or, to be more accurate, the technological
interest in communication and perception was broadened to
also encompass living entities such as insects.'® If the nine-
teenth-century era of early technical media was intimately tied
to experimental psychology and the measuring of the reaction
times and perception thresholds of the body, the post-World
War |l rise of the digital media culture was embedded in a
new valorization of experimental biology. As Warren Weaver
has noted, experimental biology was seen as a priority research
area that could feed solutions to social registers as well.!’

From Karl von Frisch’s communicating bees to William Grey
Walter’s tortoise robotics, the question of the perception of
the environment and orientation in space and time became key
themes for the development of sensing technologies. These can
be framed in the theoretical innovations of Gilbert Simondon,
writing around the 1960s, on notions of information that tried
to evade the age-old hylomorphic schemes of “matter-form.”
Hylomorphism can be seen as characterizing the cybernetic
models of communication as well. Instead, with Simondon,
information came to be understood as intensive relations with
the environment, something that was pragmatically understood
in research on matters from problem-solving robotics to bees’
Jood excavation trips. With Simondon and his ideas on “individ-
uation,” we gained a strong theory that the relation between
an entity and its environment is not to be understood in terms of
structure, a priori forms, or stability. Instead the individuating
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Wimals and te

entity is a temporal becoming that works by creating topologi-
cal solutions (instead of *having” geometrical presolutions) to
problems encountered. Instabilities are organized into meta-
stabilities.'? This is where a link with the temporal dynamics of
the ethological relations of animals, analyzed in earlier chapters
connects with the cyberneticdiscourses of 1950s and 1960s
and where Simondon offered a materially situated way of
evaluating and appreciating information — not as a pattern that
is beyond or outside its material expressions but as an inter-
vention between entities and milieus to be understood through
notions such as individuation and transduction. We will return
to these complex notions later.

The adoption of ants and bees as problem-solving machines
has been a key theme in information sciences since the early
analysis of ant trails and bee hives around the 1950s. Re-
searchers such as Adrian Wenner suggested approaching the
hive as a Markov process that was to be analyzed according
to population-level probabilities.'® In recent years research
into social insects (especially ants) as “optimization machines”
has risen to be a whole research field of its own. ™ Ant colony
optimization algorithms have been used to find ideal ways of
managing networks and other distributed systems. The idea
is basically to adopt an ant way of solving the food problem by
randomly scanning the environment and enhancing the good
solutions found. The positive feedback patterns then reinforce
certain solutions over others and prove, it is claimed, nature’s
way of solving complex mathematical problems.,

Random evolution of solutions through environmental
perceptivity is related to other informational solutions that
seem to take their cue from the effective calculative process-
es of nature. For example, take genetic algorithms that were
hailed in the new millennium’s popular science literature asa
key innovation in harnessing nature’s powers. The early experi-
menter John Holland’s idea was to let solutions to algorithmiic
problems rise from a predefined “genetic pool” that worked as

 ifaccording to a Darwinian principle of evolution.'® Different

solutlions were tried, but only the “strongest” survived. As we
saw in the second chapter, this is where the early insect dis-

Course on the innate mathematics of nature and bees seemed
_lo be of interest to the network-minded scientists and enthusi-
- asts of the turn of the millennium. However, another question

Will be whether this neo-Darwinian model is the most accurate

i-?_and interesting in terms of understanding the insect turn in
‘Media design and theory. Is addressing insect colonies, emer-
f:l_gence, and self-organization as a form of random selection the
:;.mos? accurate description? Or is the suggested environmental
_.l’Blatlon of ants and bees, as already argued during the early
:?:::h; a more complex descrip’rion that involves instinctual
.I'Itensi: hat extract much of the information needed from the
. € encounter with the insects’ milieus? This would lead

510 another way of understandi i
R Pl y anding the harnessing of nature

1CISion of 4 hy|

ture-culture continuum'® instead of just another
8 cr, omorphic scheme (ideal genotypes vs. material
‘ gompla;s}. Next, thro_ugh begs and milieu-bound robots, we
andg o gddress this question concerning relations, inten-
individuation as a key theme of the early interfacing of
chnological entities.
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Bee Waggling: Lessons in Communication Studies

It is rarely mentioned that Norbert Wiener’s first published pa-
per was on ants. As Sleigh explains, this suggests that the his-
tory of cybernetics was not “only engineering and neurophysi-
ology but also natural historical,” involving the study of other
animals and their ecological relations.!” After the Second
World War, communication was seen as a crucial catalyst of so-
cial and technological relations, from the micro levels of dealing
with computers in human-machine environmenss to the macro lev-
els of cold war and sacial development.'® This was the period
when bees were analyzed as communication animals, as in the
much-hailed Karl von Frisch’s studies on bee language. Von
Frisch himself could not hear without being wired. The Graz,
Austria-based professor’s 1940s trip to the United States was
shadowed by his being half-deaf and dependent on machines
(a hearing aid and a personal assistant) that amplified the noise
of the world into something significant for him.'® He responded
by wiring bees into a perspective of knowledge that introduced
them as communicating through dance.

The animals of Von Frisch’s 1953 book Aus dem Leben der
Bienen, translated a year later into English as The Dancing
Bees, were much more perceptive. The book was based on
research that Von Frisch had performed since the 1910s, and
already in the 1940s it had earned him an international repu-
tation, with theorists far outside the biological sciences, such
as Jacques Lacan, drawing on his findings.?° The book covered
a wide range of bee behavior in a reader-friendly fashion, con-
tinuing the popular literature of the insect genre that had been
successful since the nineteenth century. As we learned from
earlier chapters on insects, bee life was filled with their aston-
ishing capacities to build, live, and sense the world. One of the
curiosities that Von Frisch emphasized was the bees' ability to
express complex navigational instructions through dancing.

The discovery that bees have a language was a spin-off from
Von Frisch’s other experiments. Already around 1917-1919
his observations regarding bees’ sense of color led him to
the activity of the bee dance, which seemed to communicate
information about nearby food resources.?! Later his empha-
sis changed, but in any case Von Frisch was looking into the
perceptive qualities of bees with the help of different tests that
provided surprising results on how single bees attracted to
honey treasures were later followed by several others from
the same hive. This involved meticulous tracking of the bee in
ethnographical fieldwork fashion: constructing an observation
hive, painting the visitors for differentiation purposes, and then
following the interactions with other bees. What followed for
the scientific spectators was the “round dance”: “On the part
of the comb where she is sitting, she starts whirling around in
a narrow circle, constantly changing her direction, turning now
right, now left, dancing clockwise and anti-clockwise in quick
succession, describing between one and two circles in each
direction.”?? As a form of crowd behavior that was a key issue
for modern sociologists and city planners, the dance “infects”
the other bees, which start to follow the first bee’s move-
ments. This train of dancers continues for some seconds or
even half a minute to disgorge honey she has brought with her.
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Not too surprisingly, using the word dance made Von Frisch
susceptible to accusations of anthropomorphism. His work was
debated from the 1930s with constant accusations that he
was conflating human superiority with the more affective aninal
communication.*® In fact, as Eileen Crist argues, the use of the
word dance was a much more figural way of addressing the
interest of the reader, whereas the idea of this bee movement
as a ‘language” was to be taken literally.2* What Von Frisch
suggested was that the movements were related to the source
of food and that the dance communicated both the direction and
the distance of the find. With shorter turns in the dance, the
bees signal a distance of a hundred yards, but longer intervals
signal a greater distance, something that Von Frisch was able
to demonstrate with a stopwatch and a mathematical graph.
The bees’ movement is directly related to distances, which led
Von Frisch to suggest that the bees “must possess a very acute
sense of time, enabling the dancer to move in the rhythm ap-
propriate to the occasion, and her companions to comprehend
and interpret her movements” — even more astonishing to the
observers because the bees ” do not carry watches.”2®

Here we discover again the theme of insect bodies as rela-
tional entities whose technics are inseparable from the bodies
themselves. As Henri Bergson claimed approximately fifty years
earlier, the way insects solve the problems of life is intimately
tied to the technics of their bodies immanent to their sur-
roundings. The spatializing forms of knowledge that enable the
projections into the future that characterize intelligent humans
differ from the lived relations of insects, for example. Bergson
reminded us that instinct does not have to be resolved either as
a form of pre-intelligence or a mechanism, but it can be seen as
a potentiality of relations that does not reside outside the terms.
Caterpillars are not just systems of spatially definable nerves
and nervous centers but modes of relating. Consider Bergson:
“The Ammophila, no doubt, discerns but a very little of that
force, just what concerns itself; but at least it discerns it from
within, quite otherwise than by a process of knowledge — by
an intuition (lived rather than represented).”?®

This relates to the idea of technology as machinology
addressed in chapter 3. In the machinological context, Samuel

.~ Butler’s nineteenth century fabulations of the machinology of
- technology sidesteps the general understanding of the origins

o.f technology a la Kapp or McLuhan. More recently Luciana Pari-
Si has taken up this machinic ontology and argued, with the help

of Deleuze, Guattari, and Simondon, that it helps us to bypass

iﬂh‘.‘ dualist division of the given and the constructed, nature and
Culture, and see creation in terms of an ontogenesis of machinic

¥ 27 . n
f8lations.?” Machines are mixtures of heterogeneous compo-

Pents {from biological to social), and machinic assemblages
dre the processes through which organizations of the body

are constructed by cutting from flows of intensive elements of

the world,28 Sych a perspective assumes that technologies are

Machinic in the sense of relational enterprises that orga-
bodies, As part of a certain Spinozan ontology, the focus
ON bodies concerting with other bodies and the powers to
fnect and disconnect. This intensive layer of machinics is then

Nize

. 2nalysis of the continuous orders of couplings from which

fatified Organizations emerge and are spatialized, for exam-
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ple, through scientific analysis.?® Instead of the focus being on
single elements interacting (such bees and flowers), it is on the
systematic relationality of the elements where the relations are
primary. As elements of relatedness (as Morgan named it), the
terms connected emerge only as part of a wider system of en-
vironmental referentiality, which is to be judged in terms not of
passive adaptation but of active becoming. This is of course a pe-
culiar and perhaps a stretched way of looking at nature in terms
of technics or machinology. However, it provides a way out of
the impasse of seeing nature as oppositional to cultural terms,
which is reflected, for example, in the difficulty of understanding
what Von Frisch meant when he referred to bee communication
as language. What | would like to argue is that the bees he is
referring to are not representational entities but machinological
becomings, to be contextualized in terms of their capabilities of
perceiving and grasping the environmental fluctuations as part
of their organizational structures. The hive, then, extends itself as
part of the environment through the social probings that individual
bees enact where the intelligence of the interaction is not locat-
ed in any one bee, or even a collective of bees as a stable unit,
but in the “in-between” space of becoming: bees relating to the
mattering milieu, which becomes articulated as a continuum to
the social behavior of the insect community. This community is
not based on representational content, then, but on distributed
organization of the society of nonhuman actors.

What is curious is that this environing extends as a parallel
to the early trends in robotics and the crucial recognition that
perhaps an effective technological system works not through
intelligence input into the machine but through creating various
affective modes of relating and responding to the fluctuations
of the enwvironment as a “naturing nature” in process. The way
research on bee communication worked toward intensive
environmental relations can in fact be connected to the way
pioneering work on responsive systems had to come up with
ways of maneuvering in concrete space. Despite the epistemo-
logical distance, these movements are parallel in constituting
the emerging interest in context-sensitive ways of under-
standing nonhuman actors and how this knowledge stretches
from “intelligent” perception-action sequences into dumb but
interconnected emergent “intelligence”—or what would have
been called an instinctual approach some fifty years ago. This
tracking distances itself from approaches that stick to the ontol-
ogy and epistemology of cybernetics and their view concerning
language and informatics. Instead, as we will see later, the al-
ternative notions concerning information, entities, and environ-
ments developed by the French philosopher Gilbert Simondon
around the same time provide a much more fruitful way to think
of bodies in action. With Simondon, concepts of individuation,
transduction, and intensive environmental relations are more
accurate and complex ways to understand natural or technical
processes. First, however, we turn to another example of a zool-
ogy of cybernetics, W. Grey Walter's robotic tortoises.

I\ﬂachine A_}_zz'm_a_lsj

Technological zoology is not only a recent trend. During the
earlier phases of modernity, automata introduced slightly
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different but no less revolutionary ideas concerning the nature
of (technological) life. Then an artificial duck was a celebri-

ty. The Vaucanson creation demonstrated, as Jessica Riskin
argues, a threshold machine in the simulation of natural beings.%°
It not only resembled a duck in appearance and habits but :
simulated the internal workings of the animal as well. Living
processes were incorporated into the experimental creations
that produced knowledge about the arimal world but also
about the interfaces of humans, nature, and technology. Here
two phenomena acted as watersheds for the distinction
explains Riskin: movement and speech. What can move ,itself
is, according to the much-embraced Aristotelian idea, a 1living
being, and what can respond in terms of speech is an intel-
ligent 1living being. Of course speaking machines existed

and they seemed to question this division. Julien Offray dé la
Mettrie believed in speaking machines, and in 1791 Wolfgang
von Kempelen from Hungary explained the workings of such a
machine. In this kind of machine, speech was the physical result
of the movement of air through the imitations of lungs and
other human organs. Nevertheless, it provided important les-
sons on the question of what is reproducible and what seems
to be unique to the intelligent human being. Such an interest in
mechanical ducks and the like fed into very pragmatic goals
in terms of the emerging factory system and the redistribution
of labor from humans to machines. Aninzals and machines could

_ do several types of repetitious and nonintelligent work, such as

weaving, and hence could amplify the production of all those
goods needed for the emergence of the modern world.

Is it a bee, then, instead of a duck that stands at the begin-
ning of the postmodern era of communication and cybernetics?
For some, like Steven Shaviro, it is the insect that is the “totem
animal” of postmodernity owing to its refashioning of the inside
and the outside, its radical becomings evident in the trans-
mutations that its goes through.?' Certainly the 1950s were
filled with gigantic bugs that threatened the organized society
of the United States — hence it was a figure overladen with
ffaars of communism, disorder, and environmental pollution. The
film Them! introduced gigantic nuclear ants in 1954, and only
ayear later Tarantula applied a similar logic to spiders. There

. Were plenty of similar examples for years to come.*? However,

in terms of communication and the optimization of efficiency,
Mmovement and language were marked as threshold questions
1N new technologies that were to brand the emerging network
World. Much as in the case of the automata of the eighteenth
_C_el'lltury, the fields of knowledge concerning nature and ex-
L?:;Ilmgntal engineerilng of technological objects guided the
3 ¥Sis by reproducing examples of life. Paraphrasing Riskin’s
- _VQUn'.Ie.nt, stfch experiments simultaneously functioned as the
rgnainr:zll‘?g division of what remains beyond artificial reproduc-
iﬁciallite and hence drew or reinforced differences between
o Y and nature. However, in_the field we address in this
We encounter various fabrications of artificial objects,

d :

| the natural talking bees are also “artificial constructions,”
Will argue, :
w. Grey Walter’
mo
Ne

¢ s cybernetic tortoises are a good example
L C?nf:rete robot animals of the 1950s. Walter was a
of different physiological measurements of the human
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body and one of the early developers of the electroencephalo-
graph machine that mapped the electrical activity of the brain.
Brains were his primary interest not only as organs but as trans-
mission and crossroad points of 1iving organisms. Nerve-knots
define life from its simple forms such as ants and bees on,
which fascinated Walter: “Who would call brainless a creature
which can return from a long flight and report to its community,
to within a few yards, where it has discovered honey sup-
plies?"®® Indeed, Walter seemed to be aware of the research
into bee communication, which he saw in terms of nerving with
the world: “Appraised by results, the bee is a highly developed
mobile unit of a sedentary brain.”®* Bees were an early form

of mobile communication in this 1950s influential take on the
centrality of the brain.

Walter thought that evolution is to be read in terms of brain
development, which itself is a function of nerve complexity. The
brain is conceptualized as a communication system in its own
terms, a mediation point between external and internal commu-
nications. Nervous systems are networks for receiving, correlat-
ing, storing, and generating signals,®® which emphasizes their
status as media systems but ones grounded in living bodies.

In order to tap into the complexity of the brain, Walter built
experimental objects, cybernetic tortoises, that were designed
to illustrate what complex wiring even a simple orientation in
space demands. Of course the Vaucanson duck was already a
cybernetic unit of a kind based on feedback mechanisms, but
the cybernetic tortoises were designed to take into account en-
vironmental variations. The “Machina Speculatrix,” as explained
in the book The Living Brain in 1953, was to practically
investigate the question of whether brainpower works through &
the number of units in the brain or through the “richness of
their interconnection.”®® Thus it worked as an experimental
object that implicitly maneuvered between the nature-technol-
ogy division and looked into the brain as a complex network
that interacted with its outside. Walter’s idea was to build a
very simple machine equipped with goal-seeking and scanning

abilities together with movement. The electronically wired
“animal” was speculative in its push toward exploration of its
environment instead of waiting for impulses.®” It was not only a
reactionary entity but was equipped with a certain spontaneity
bound, however, by “positive” and “negative” tropism. In other
words, it was tightly coupled to certain environmental attrac-
tions, as Walter called them, through simple sensors. Positive
tropism referred to its push toward light, negative tropism to a
pull away from “very bright lights, material obstacles, and steep
gradients.”®®

The tortoises (which looked more like toasters on wheels
than actual animals) were hence ecological units of a
kind equipped with a simulation of a nervous system of a very
simple animal. Yet the obstacle to a complex environmental
relationship was that the machines could not be taught to learn.
Learning to learn was still the stumbling block for the tortoises,
which did not have extensive memories that could help them to
summate their experiences.39

What was remarkable according to Walter was the tortoises’
recognition of their surroundings, which seemed to present
unforeseen results. The machines worked through specific but
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(London: Gerald Duckworth, 1953), 3.
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Ibid., 77. ltalics in original.
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\bid., 94. This simple form of learning
was also evident in Claude Shannon's
maze-solving machine rat. It learned

by trial and error but was able to
remember the path through the maze o
subsequent attempts. Claude Shannon
“Presentation of a Maze-Solving MﬂChin.e,‘
in Cybernetics: Circular Causal and
Feedback Mechanisms, 173-80,

simple thresholds of perception of their surroundings, maneu-
vering past objects and toward lights. In addition, they showed
traits of “self-recognition” in front of a mirror surface, where
responsive photo cells responded to their own headlamps.
This led Walter to claim that this behavior was signaling their
similarity to some higher animals that were able to understand
that a mirror image was an image of themselves instead of
other animals. Furthermore, two machines could be seen
exhibiting mutual recognition that according to Walter was a
form of community building of sorts; the stimulus to commu-
nity and communication was recognition of the light from the
other machine. However, this banality of community, reducible
to response to a bright light from another Machina Speculatrix,
resulted in surprising behavior:

Some of these patterns of performance were calculable,
though only as types of behaviour, in advance; some were
quite unforeseen. The faculties of self-recognition and mutual
recognition were obtained accidentally, since the pilot-light
was inserted originally simply to indicate when the steer-
ing-servo was in operation. It may be objected that they are
only “tricks,” but the behaviour in these modes is such that,
were the models real animals, a biologist could quite legit-

- imately claim it as evidence of true recognition of self and

- others as a class. The important feature of the effect is the

. establishment of a feedback loop in which the environment is a
component. This again illustrates an important general princi-

~ ple in the study of animal behaviour—that any psychological or

ecological situation in which such a reflexive mechanism

exists, may result in behaviour which will seem, at least, to

suggest self-consciousness or social consciousness.*®

_}rlence, looping the environment into a component of the emerg-
jjng system or a community of machines was the early phase
of “intelligence building,” so to speak. Here the banal mode
of communication was far from communication of content in
lerms of abstracted symbols; it was rather a mode of embodied
| teraction in a shared space. This stance implies that com-
‘munication is actually based in perception, and perception is
furthermore conceptualized as an environmental being and
perceptiveness that Walter tried to hardwire into the spec-
lating machines. Building machines included a simultaneous
ilding of milieus for the machines. Environments were to
€incorporated as part of the plans of any circuit, aninal or
achine, as Uexk(ll had already argued.*! A contemporary
s mple of such “machine species” might be the robotic spiders
fKen Rinaldo, which resemble the tortoises to a slight degree
are more chimeratic robots that interact in real time with
Iviewers: “The Auto telematic Spider Bots installation is an
f:lal life chimera; a robotic spider, eating and finding its
||k€_2 an ant, seeing like a bat with the voice of an electronic
ring bird.”*?
€ ethological task of the speculating machines was to
_ de‘the needed links among notions of the environment,
;imlﬂn, and communication, all key themes in the context
.elernetics, which was working toward more embodied

S of automata and communication. This is also the
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context in which the research agenda started to move from
classical artificial intelligence (Al), with intelligence as the
information processing of an intelligent machine, to intelligence
as a result of numerous simple parts’ interacting. Emergence
was no longer an event of the insects but a mathematical way
of understanding how several simple bits can produce com-
plex, heterogeneous wholes. This was an engineering problem
because the older models of Al were not able to produce effi-
cient robots or embodied intelligences. Instead, models such
as the perceptron, a form of artificial neural network designed
by Frank Rosenblatt, introduced ways to conceptualize more
brainlike actants. The perceptron idea could be seen working
in a certain radical empiricist tradition in which the potential
novelty of connections should be accounted for. Instead of
spatialized models of memory and nerve systems, Rosenblatt
suggested the primacy of connections and associations. Infor-
mation is never only a passive recording in the brain matter of a
1iving being or a machine but rather works as a “preference for
a particular response” and hence lives in the connections that
are not modeled as recognitions or representations.43 In other
words, the perceptron machines lived through temporal relations
in which networked nerve relations were continuously renewed.
Walter’s machines fit into that concept of networked actors,
as well as Herbert Simon’s realization, also from the 1960s: an
agent such as an ant is only as intelligent as its environment.
The ant is intimately coupled with its outside much as any arti-
fact can be understood as an interfacing of its inner environment
and its outer surroundings. Simon sees it as a meeting place,
a relay, and through this intensive environmental relation its

capacities for 1iving and functioning are determined through ¥,

an unfolding in time.** Environmental variation is temporal un-
folding. Simon thinks that the ant works as a “machine” similar to
Walter's creations. An ant is an adaptation machine, a specula-
tory vector that “deals with each obstacle as he comes to it; he
probes for ways around or over it, without much thought for fu-

ture obstacles.”*® Here the turtle can be transformed into an ant,

a supposition Simon makes, suggesting that we turn the turtle’s
dimensions into those of an ant as well as the means of loco-
motion and “comparable sensory acuity.”*® Simon thinks that
the electromechanical turtle is parallel to the adaptive ant; both

entities owe their complexity of behavior to the interfacing of the

machine/insect/turtle with the environment. Far from reflexive
communicators, the agents are more akin to the Bergsonian
instinctual machines/insects that extend their bodies as part of
the intensive, varying milieu that opens up only through time.

Perception as Communication: Bee Lessons in

Pealing with The Environment

Turning back to the 1950s context, the so-called bee language

can also be understood through similar considerations of
environmental relations. Here communication becomes less a
matter of abstract conveyance of symbols and more a matter
of embodied interactions in intensive spatial environments.
However, this is where Lacan, and following him Friedrich

Kittler, pointed out the difference between Von Frisch’s dancing

bees and the cybernetic zoo (including computers). They think
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43 To quote Rosenblatt: “The ‘coded
memory theorists' are forced to conclude
that recognition of any stimulus
involves the matching or systematic
comparison of the contents of storage
with incoming sensory patterns, in
order to determine whether the current
stimulus has been seen before, and to
determine the appropriate response
from the organism. The theorists in the
empiricist tradition, on the other
hand, have essentially combined the
answer to the third question with their
answer to the second: since the stored
information takes the form of new
connections, or transmission channels

in the nervous system (or the creation
of conditions which are functionally
equivalent to new connections), it follows
that the new stimuli will make use of
these new pathways which have been
created, automatically activating the
appropriate response without requiring
any separate processes for recognition
or identification," F. Rosenblatt, “The
Perceptron: A Probabilistic Model for
Information Storage and Organization ijn
the Brain," Psychological Review 65, no,
6 (1958): 387. See also Sherry Turkle,
Life on the Screen: Identily in the Age of
the Internet (London: Phoenix, 1997),
130-31.

44 See Herbert Simon, The Sciences of the
Artificial (Cambridge, Mass.: MIT Press,
1969), 6-7, 14. However, alternative
accounts were expressed as well. Earlier,
in 1792, Fran¢ois Huber wrote in his
Nouvelles observations sur les abeilles of
the innateness of intelligence in bees:
"If the worker does not have a model to
work to, if the pattern according to which
she cuts every cell is not something
outside herself and Nature which directs
her senses, then we have to admit that
such work is directed by some kind of
intelligence.” Huber, quoted in Ramirez,
The Beehive Metaphor, 217.

45 Simon, The Sciences of the Artificial, 24.

46 Ibid.
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that animal codes are not language because their signs have

a fixed correlation with reality. Symbolic language and subjec-
tivity are in contrast, defined by the discourse of the other,
which leads Kittler to state in his idiomatic style: "Bees are :
projectiles, and humans, cruise missiles.”*” This refers to how
the natural communication of bees and the like consists of
“objective data on angles and distances,” where as both hu-
mans and computers are more tuned to the if/then modulation
that takes account of environmental factors. This is the point at
which, according to Kittler, computers can become subjects but
not bees: “IF a preprogrammed condition is missing, data pro-
cessing continues according to the conventions of numbered
commands, but IF somewhere an intermediate result fulfills

the condition, THEN the program itself determines successive
commands, that is, its future.”*® In other words, animals do not
have a (sense of) future, but machines do. However, as we will
see later, this dualism gains its momentum from a Heidegge-
rian tradition that fails to understand the gnimal environments
as dynamic and works toward a continuous analytics of why
humans, animals, and machines differ from each other.

Von Frisch and his bees stand in an interesting interzone in
which different interpretations try to fix him and the communi-
cating bees as part of different traditions and possibilities of
agency. The focus on bee language as an abstract processing
of symbols is one that remains in the classical model of Al and
in notions of language as disembodied symbol processing. The
other path, opened around the 1950s and 1960s, started
to emphasize the embodied environmental relations of any
cybernetic relation. Hence, communication could also be seen
as moving from being a mere informational pattern to a more
nonrepresentational account of capabilities of agents, whether
we are talking about perception or communication.*® In a way,
the language was not about “containing” information, an idea
‘that was used around the 1960s when discussing the patterns.
_'_In contrast, language enacted perceptions, movement, and
actions in which the division between “intelligent” self-guiding
users of language and instinctual, passive, mechanistic
followers of signals was bridged.

- In fact, revisiting Von Frisch’s text clarifies the ties between
'[:ree language and bee modes of perception. Throughout his
scholarly career, Von Frisch was interested in sensory phys-
_j\olog_y; he was also a student of his uncle, the experimental
Physiologist Sigmund Exner.%® As explained earlier, Von Frisch’s
alfch in itself was carefully framed for scientific observation,
nll\rlng the setting up of an observation hive that transformed
: lpsect habitat into a theater for the scientists. This disclosed
Visibility of the hive, then, led to an understanding of the sense
dans and capacities of bees that was the crucial prerequisite
I'any discourse concerning bee language. The sections on
n'll“t'lk_mic:ation were contextualized in a much wider discussion
arding the bee eye and its workings Von Frisch argued that
bee eye is especially well tuned to perception of movement.
Panoramic visual perception of the insect is composed of
ht Fo tgn thousand little eyes” coordinated to take in rapidly
fcegi:rr;g Impre§sion§.51 In addition, the bee eye is capable of
fact ::12 polarized light tha.t remains imperceptible to humans.
1 INsects can even “distinguish the direction of [the light’s]
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vibrations, which they use to help them in their orientation.”52

The bee as a coordination device is tuned to such frequencies
and phenomena of its milieu, which it can contract to help in its
placement and individuation. In this context, the physiological
nature of the compound eye proved to be an “ideal kind of ana-
lyzer”®® and hence a focal point for the perception of polarized
light. Thus the eye stood for Von Frisch at the center of this
intensive environmental relation as a relay of a kind that could
be artificially modeled by six units of Polaroid glass.®*
Furthermore, Von Frisch reminded us that the bee language
that is visual for us is in fact sensed by other bees through
feeling and smell due to the normally dark hive. Hence, we
move from the abstracting capacities of vision to the murkier
regimes of tactility and olfactory senses. Of course the major
criticism targeted at Von Frisch since the 1960s was actually
that he had neglected the world of smells. Adrian Wenner’s ar-
gument was that bee communication happened not on the level
of bodies but in terms of sounds and smells (i.e., chemicals).>®
In the book The Dancing Bees, the section on bee lan-
guage frames the movement of the dancing bee in terms of
distances and directions, which actually correspond more
closely to a coordinate system than to a symbolic language.
A dance works through indicating the spatial and temporal
relations among the body of the dancing bee, the food source,
the other bees, and the hive, enveloping them all into a
machinic assembliage of language as an ordering of reality
into a very functional entity. This is underlined by the fact
that the bee dance works differently depending on whether
it takes place “inside the hive on the vertical comb or outside
on the horizontal platform.”®® In case the bees can see the

which the bees can use to tune the dancing body to a right
angle: “The bees who follow after the dancer notice their own
position with respect to the sun while following the wagging
dance; by maintaining the same position on their flight, they
obtain the direction of the feeding-source.”®” Inside the comb,
things are different due to the lack of visibility and the differ-
ent positioning of the upright-standing comb surfaces. Here,
explained Von Frisch, the bees use a different mode of getting
the message through:

Instead of using the horizontal angle with the sun, which
they followed during their flight to the feeding place, they
indicate direction by means of gravity, in the following
way: upward wagging runs mean that the feeding-place
lies towards the sun; downward wagging runs indicate the
opposite direction; upward wagging runs 60° to the left of
the vertical point to a source of food 60° to the left of the
direction of the sun... and so on.5®

Von Frisch argued that a process of transference takes place:
the bees’ “delicate sense of feeling for gravity is transferred
to a bearing on the sun.”®® In fact, | would extend this notion
of transference and suggest that this is the much more
interesting aspect Von Frisch is trying to elucidate. A process
of transference between bodies and environments is the key
force of this dance language that acts as an embodied tool or
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an indicator, not a patterning that could be extrapolated out-
side the topological surroundings and bodies of the bees. In
other words, perhaps Von Frisch could be read in the context
of a whole different mode of understanding language and
information than the hegemonic cybernetic view of patterns.
This context draws from nonrepresentational approaches to
the environment and the milieu of the individuation of agents. In
the earlier chapter on ethology, | argued that Uexkiill's theories
of the Umwelt functioned through a more pragmatic coupling
with the environment; the aforementioned Herbert Simon’s
approach similarly takes into account an interactional becoming
with the environmen: much more than a mentalist conception
of perception and action; Humberto Maturana and Francisco
Varela’s work from the 1960s has indicated that they took a
similar direction. As part of the second wave of cybernetics,
Maturana and Varela point toward an ethological realization of
how crucial the work of construction is in the act of percep-
tion. Instead of there being a direct correlation between the
world and perception, all environmental relations are con-

_structed in a comovement of the milieu and the sense system

of an animal. Perceptions are specified according to capaci-
ties of species. This is evident, for example, in the case of the
cybernetically wired frog that Maturana and Varela used to ana-
lyze its specific capacities for perception of fast movements,
like that of the fly.®* This assemblage approach suggests why
Deleuze and Guattari were also fond of Maturana and Varela,
because this viewpoint seemed to be in line with Bergson and

- Uexkiill: perception is not only a registering of reality but a

much more complex and embodied refation in which the eye is
coordinated with the rest of the body and these coordinations
also extend outside the body to the world. In fact, some of Von

- Frisch’s critics, such as Wenner, suggested that we need a hy-

pothesis that takes into account the dynamics of population as
part of an animal’s environment. Instead of symbolic language,
argued Wenner, bee orientation is a population-level process

 that suggests that the hive, its surroundings, and their history
are “part of a dynamic system.”®! Instead of individual behavior

producing intelligent-seeming results, the workings of the bee
system stemmed from probabilistic patterns, argued Wenner in
his attempt to dodge the dangers in detaching the individual
from the environment.

: However, writers such as Simon had already suggested a
midway solution to the problem of the individual versus the
Population when he argued that the individual is already in
,ny case structured and afforded by its environment (without
sUggesting complete adaptation). In a similar vein, we can
pf_GCiate the possibility of approaching Von Frisch’s ideas
.-.-lfltlng to complex processes of environmental individuation.
IS Way we can perhaps move from a disembodied view
Ncerning communication, as promoted by Wenner and the
der cybernetic-influenced research fields, toward a materi-
Y grounded but dynamic understanding of communication

_ _"hlErentIy part of perception and individuation as part of
118 miliey,.
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individuation, Information, Milieu

In addition to the thinkers mentioned earlier, Gilbert Simondon
approached similar conclusions in his distinctive take on
information, milieus, and perception‘Through Simondon's
work from the 1950s and 1960s, which remains to a large
extent not translated into English,%? we can gain a better
understanding of the intensive environmental relations of
agencies from bees to speculating machines.

Simondon was aware of Von Frisch’s bee research and
contributed some words on bees, perception, and communi-
cation in his course on perception, taught between 1964 and
1965 at the Sorbonne in Paris. Simondon is interested in how
bees are able to transform the measurement of distance into
body movements that Von Frisch referred to as the communi-
cating language. Simondon refers here not only to Von Frisch
but also to Viaud’s Cours de Psychologie Animale to explain
the diminishing logarithmic relation between the amount and
the nature of dancing and the number of possible voyages in
a determined time frame. In other words, he explains that
the “semantics” of this language are about correspondences
between the distance, or the milieu, and the bee’s body move-
ments, which stand in a certain more or less fixed proportion
to that milieu (although different dialects exist among bee spe-

cies). Perception turns into body movements, which then turn
into a collective perception that informs space and changes its
dynamics because of its effects on the relations of bodies and
milieu. Space turns into an active milieu of relations instead of
only a backdrop for events and communication. Furthermore,
the relation is not only that of spatiality, continues Simondon,
but that of temporality and duration.®® Another name for the
process of unfolding through metastability is individuation.
With Simondon we are able to understand the intensive
individuation that always takes place in the shifting boundaries
of an entity and its milieu. Milieu is far from a stable back-
ground of individuation and is “characterized by a tension in
force between two extreme orders of magnitude that mediatize
the individual when it comes into being.”® Thus we receive

an account of the dynamic relationship between an individual

embedded in a milieu of potential in which information be-
comes less a stable object to be transmitted than an indicator
of change. Hence the notions of abstract information and
language that characterized the understanding of communica-
tion in the cybernetic context can be reevaluated in the light of

a more embodied notion. Yet this embodiment is one that

works through dynamics and the primacy of movement.

In his critique of hylomorphic notions of form and content,

Simondon challenges the formalist ideas in information theo-

ries. Information is too often seen through conceptual dualisms

of form and content, which brands communication as a stable
process of transmitting content already in place. For example,
the idea of bee communication is too easily formalized as

a functionalist account of transmitting abstract symbols about
the world rather than as an active becoming of animals within
a milieu that is itself also an active part of the individuation.
What Simondon proposes is to start with the individuation
instead of the individuated entities and look at information
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physico-biologique are both forthcoming
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64 Gilbert Simondon, “The Genesis of
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as the. intensive process of change at the border of different
magnitudes. Information is not quantifiable in the way Shannon
and Weaver and cybernetics proposed it to be but should be
seen as an effectuating operation. In other words, information
effects changes.®® In another passage of his book ,L’ind/vidua—
tion psychique et collective, Simondon argues that information
is a dynamic notion that functions to “situate the subject in
the w.orld."67 information informs and guides as an intensive
ongoing process, not as a stable form. It assembles agencies
into positions in a parallel move as language shifts from a rep-
resentational signification to a gathering in terms of relations
collectives, and transindividuals — a project of connection.®® In-
stead_ of stable positions communicating — subjects talkiné (or
gancing) about objects that are quantified as information —a
focus on information and communication as individuation pro-
poses 'a transductive notion of communication. The perceptions
and orientations in the world of entities are about individua-
tions, but similarly the second-order communications of those
erceptions are individuations that gather up collectivities.

In this context, a key notion is that of “metastability,” as
Adrian Mackenzie explains. Ontogenetical metastability is the
gssence of transduction as a process of intensive encoun-
;_{grs,The transductive nature of life owes to its temporal and
opological characteristics, Mackenzie continues, pointing out
{hat the transductive encountering of information is about
:,esponsiveness to problems. Living beings respond to prob-
lems of their milieu “through constant temporal and spatial
estructuring.”®® Mackenzie uses the concept throughout his

‘hook-length analysis of technical cufture, and we can similarly

,uselit to understand the event of bee communication. Mack-

‘_gnzle argues that Simondon believes that the 1iving beings’

| fansduction also happens through interior milieus in which the

 body of the living can provide itself information and hence be

aracterized as metastable. This highlights the way the body

) the 1iving is a milieu, a medium in its own way, and also a

‘tollectivity instead of an individual. The processes of percep-

' movement, nutrition, excretion, communication, and dying

.1ntensive processes of transductive nature that Mackenzie

culates as pertaining to the complex fields of biology and

! h|:1icity. In other words, the body of a 1iving being, or

g llfe. of a bady, is defined by the metastability that signals a

0 lectivity in place and manifests itself through individuation

lange, and continuous foldings of various natures (perceptu’al

entary, semiotic, energetic, symbiotic).” As Matthew R

Underlines, Simondon’s way to bypass form-matter hylomor-

" affords a way to understand the material process of
Viduation and “allows accounts of technicity and media to

e from a merely semiological reading of the world into an

ded involvement with and of it

in we encounter the theme of the insect as a medium in

:According to Simondon, “The living being can be con-

_el‘:i to be a n.ode of information that is being transmitted

Itself.—- it is a system within a system, containing within

a mediation between two different orders of magnitude."72

t;dy of the 1iving being is thus an intensive carrier of

ho‘:.1Wh|ch res.on.ates with its environment. The transduc-

04y of the 1iving being works, then, not according to a
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predefined principle (whether termed instinct, intelligence, or
whatever) but through drawing the solutions to problems from
the process itself. In this sense, it is opposed to deduction,
which operates with ready-made positions.” In the section on
bees, Simondon notes that we should understand the bees’
behavior through the register of perception. However, this
perception works through a perception of distance that posits
the perceiver as well.”* The distances fix and inform positions
for the perceiver in temporal terms of duration and bodies in
duration so that Simondon seems to be also drawing from the
bee lessons ideas regarding the temporal forces of situating
the milieu; when the bees waggle and dance, so does the mi-
lieu through the medium of the bee in a double movement. The
milieu is also a rhythmic refrain of a kind.

What Simondon and related perspectives provide, then, are
ways to understand the fundamental and constitutive work of
perception and individuation. Perception and communication
seen as individuation are not separate modes of being in the
world but processes constituting 1iving beings as afforded by
their milieus.™

But why this focus on bees and all the trouble finding an
alternative explanatory context for those 1950s research ob-
jects, often framed in contexts of cybernetics and information
theory? In order to provide an insight into nonrepresentational
and intensive environmental relations that connect bees framed
in scientific contexts, artificial animals like the environment-sen-
sitive turtles of Walter and the potentials for using the bee
bodies as philosophical tools to develop ways of understanding
language less as information transmission and more, in a way
loyal to Von Frisch’s initial metaphors, as an embodied dancing
that takes the world as its stage.

So far, the way Simondon paves an alternative way to under-
stand the events of the 1iving, information, and the intensive
exchanges in fields of milieus (external and internal) has
received little attention from scholars of media. Mackenzie's
Transductions remains a pioneer work in this regard and offers
an insight into the relevance of Simondon for media studies of
technical culture embedded in discourses of biology. Contra
mathematical theories a la Shannon and Weaver and cyber-
netics, Simondon focuses on the “genesis of the systems of
relations,”® as Toscano writes. Individuation does not measure
information, but information points to an orientation with it. All
of this happens in the intensive environmental relation in which
any “senders” and “receivers” are enveloped in the individuation
taking place. To specify this point in terms of communication
research, we are dealing with information as an arrangement
and a creative relation between different states of reality. The
pre-individual intensity affords a creation of dimensions “where
in the individual can come to exist and function, a dimension
taking over from the scalar heterogeneity or energetic tension
that precedes it.”””

My intention has been to highlight, through this specific ex-
ample of the communicative bees from the 1950s, the question
of how to tap into a similar context of individuation and the
milieu. Once again, tiny animals offer insight relevant not only to
entomology and biology in general but also to the cultural the-
ory of the cybernetic era as well as contexts of communication

>
¥

Animal Ensembles, Robotic Affects

73 Sirlr;or;c_jonbgindividuation psychique et and media. Simi[arly, the new sciences of artificial life ariging
R guiliheds since the 1980s were much keener on emphasizing the con-
74 See Simondon, Cours sur la Perception, nections with the embodied and less intelligence~oriented con-
309-10. . :
structions of cybernetics than was the post-1956 Al research.
75 M;;;gg)gg;ﬂonslresonafe st_ronglly For scientists such as Christopher Langton, the new machines
wi .4, Gibson's ecologlca H ] .
and nonrepresentational analysis of of distributed nature paradoxncally afforded much more than
perception, which he has initiated since models of intelligence; they were closer to the simple but more
the 1950s. Gibson's later ecologica] ffective pr f 1ivi : 78 :
theories, which offer a more material e processes o 1ving organisms. lndeed, next we will
understanding of perception and being. reconvene around the theme of non representational approach-
in-the-world than does, for example, The to percepti d K ok % T
Perception of the Visual World (1950, €5 p ption and wor thl’OUgh the d|g|ta| insects that infil-
are about the mutuality of the animal trated 1980s visual culture. We focus less on the representa-
and its environment. In this sense it ions of in s i fh .
works on several similar premises as, for tion: sects in the cinema of the 1980s (where, for example,
i:stgl?ce._ Ue;(kijll's ethomgfyéggnside, David Cronenberg’s films or Dario Argento’s Phenomena would
e illuminating opening of Gibson's R : i
The Ecological Approach to Visual be ObVIOUS. ChC?ICeS) than on the ways that neo-Darwinism and
Perception: “We are told that vision the emerging field of artificial life transposed insect life as an
depends on the eye, which is connecteq timization of t d n £
a1 Brain NshelllSUegest that nalis) op movements and perception and how this was
vision depends on the eyes in the heag ‘framed through a reconsideration of the visual and perception

on a body supported by the ground, the
brain being only the central organ of

a complete visual system.” J. J, Gibson,
The Ecological Approach to Visual
Perception (Hillsdale, N.J.: Lawrence
Eribaum Associates, 1986), 1.

in the algorithmic sphere.
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77 Ibid., 146.Toscano's recommendable
reading of individuation highlights the
importance of Simondon in thinking
individuals and intensities—and ailso
of the critique of cade enacted by
Simondon. In this passage, Toscano
(142-47) explains the pre-individual 1
tension of information, which is, contra
mathematical information theory,
unquantifiable. In other words, the
receivers are not known in advance,
This is an approach of potentials and 1
relations in which the terms formed
are secondary to individuation. As
mathematical thearies of communication
systems suggest, there are systems 1
between which messages travel, but r
Toscano outlines how Simondon sees
this "between" as the primary (injforming
of the relational systems. A similar radical
empiricist stance is also part of Deleuze
and Guattari’s philosophy and resonates,
for example, with the work of William
James.

;e'x’( Was first published in Jussi Parikka, Insect
5 614(;; Archaeology of Animals and Technology (Minnesota
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78 See John:

bl ston, The Allure of Machinie Life:
b hrlst_o‘j:her G. Langton, “Artificie!
of -‘ialq :n Aﬂ'_ll::inl Life: The Proceedings
] N:em‘alscr'pﬂnsry Workshop on
Syatomthesis and Simulation of Living
Afnmss ;er-,d September 1987 in LoS
& Lo New Mexico, ed. Christopher
o angton (Redwood, Calif.: Addison-
esley, 1989), 38-40,
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