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Introduction

Despite its title, this is not

a book of
of philoso
a deeply

history but a book
ohy. It is, however,
historical philoso-

phy, whic

1 holds as its cen-

tral thesis that all structures
that surround us and form
our reality (mountains, ani-

mals and

plants, human lan-

guages, social institutions)
are the products of specific

historical
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A THOLSAND TEARS OF NONLINCAR HISTORY

consistent, this type of philosophy must of
necessity take real history as its starting

point. The problem is, of course, that those
who write history, however scholarly, do so
from a given philosophical point of view,

and this would seem to trap us in a vicious
circle. But just as history and philosophy

may interact in such a way as to make an
objective assessment of reality impossible —
when entrenched worldviews and routine
procedures for gathering historical evidence
constrain each other negatively —they can
also interact positively and turn this mutual
dependence into a virtuous circle. Moreover,
it may be argued that this positive interac-
tion has already begun. Many historians

have abandoned their Eurocentrism and

now question the very rise of the West (Why
not China or Islam? is now a common ques-
tion), and some have even left behind their
anthropocentrism and include a host of
nonhuman histories in their accounts. A num-
ber of philosophers, for their part, have bene-
fited from the new historical evidence that
scholars such as Fernand Braudel and William
McNeill have unearthed, and have used it as
a point of departure for a new, revived form
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of materialism, liberated from the dogmas of
the past.

Philosophy is not, however. the only disci-
pline that has been influenced by a new
awareness of the role of historical processes.
Science, too, has acquired a historical con-
sciousness. It is not an exaggeration to say
that in the last two or three decades history
has infiltrated physics, chemistry, and biol-
ogy. It is true that nineteenth-century thermo-
dynamics had already introduced time's
arrow into physics, and hence the idea of
irreversible historical processes. And the
theory of evolution had already shown that
animals and plants were not embodiments
of eternal essences but piecemeal historical
constructions, slow accumulations of adap-
tive traits cemented together via reproduc-
tive isolation. However, the classical versions
of these two theories incorporated a rather
weak notion of history into their conceptual
machinery: both classical thermodynamics
and Darwinism admitted only one possible
historical outcome, the reaching of thermal
equilibrium or of the fittest design. In both
Cases, once this point was reached, historical
processes ceased to count. In a sense, opti-
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A THOUSAND YEARS OF NOMLINEAR HISTORY

rnal design or optimal distribution of anergy reprasented an end of his-
tory for these theories.

It should come as no surprise, then, that the current penatration of
science by historical concerns has been the result of advances in these
two discipfines. |lva Prigogine revolutionized thermodynamics In the
19605 by showing that the classical results were valid only for closed sys-
tams, where the everall quantities of energy are always conservad, |f one
allows an intense flow of energy in and out of a systerm (that Is, if one
pushes it far from equilibrivm), the number and type of possible historieal
outcomes greatly incroases. Instead of a unique and simple form of
stability, we now have muitiple coexiating forms of varying complexity
(statle, periodic, and chaotic attractors). Moreover, when a system switches
from one stable stale to another (at a eritical point called a bifurcation),
minor fluctuations may play & crucial role in deciding the outcome. Thus,
when we study a given physical systemn, we need to know tha spacific
nature of the fluctuations that have been present at each of its Bifurca-
tions; in other wards, we need to know its history to understand its
current dynamical state.!

And what is true of physical systems is all the more true of biotogical
anes. Attractors and bifurcations are features of &ny system in which the
dynamics are not only far from equilibrium but afza nanlinear, that s, in
which there are strong mutual interactions (or feedback) between compo-
nents. Whether the system in question Is composed of moleculas or of
living creatures, it will exhibit endogenously generated stable states, as
well as sharp transitions between states, as leng as there is feedback and
an intense flow of energy coursing th rough the system. As biology beglins
toinclude these nonlinear dynamical phenomena in its models — for
exampla, the mutual stimulation invelved in the case of evoiutionary "armis
races” between predators and preyv—the notion of & "fittest design™ will
lose its meaning, In an arms race there is no optimal solution fixed ance
and for all, since the criterion of “fitnass” itself changes with the dynam-
I05.% A5 the belief in a fixed critericn of eptimality disappears from bial-
ogy, real historical processes come to reassert themselves once mare,

Thus, the move away from ene rgatic equilibrium and linear causality
has reinjected the natural sciences with historical concerns, This Book i
an exploration of the possibilities that rmight be apaned to philosophical
raflection by a similar move in the social sclences in general and history
in particular. These pages explore the possibilities of 4 nenlinear and non-
BqQuIlibrium history by tracing the development of the West in three his-
torical narratives, each starting reughly in the year 1000 and culminating

AN our own time, a thousand years later. But doesn't this approach contra-
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dict my stabted goal? Isn't the very iea of following a line of develspment,
century by century, inherently linear? My answer is that a nonlinear &on-
ception of history has absclutely nothing to do with a style of presenta-
ton, as if one could truly capture the noneduilibrium dynamics of human
historical processes by jumping back and forth among the centuries, On
the contrary, what |s needed hare is not a textual but a physical opara-
tion: much as history has infiltrated physles, we must now altow physics
to infiltrate human history.

Earlier attempts in this direction, most netably in the pioneering work of
the physicist Arthur Iberall, offer a useful illustration of the conceptual
shifts that this infiltration would involve, [barall was perhaps the first to
visualize the major transitions in early human history (the transitions from
hunter-gatherer to agriculturalist, and from agriculturalist to city dweller)
nol as a linear advanee up the ladder of progress but as the crossing of
nonlinear oritical thresholds (bifurcation 5). More specifically, much as a
Eiven chemical compound (water, for example) may exist in several dis-
tinct states (solid, liquid, or gas) and may switch from stable state to
stable state at critical points in the intensity of temperature (called phase
trangitions), 50 a human society may be seen as & “material” capable of
undergoing these changes of state as it reaches critical Mmass in tarms
of density of settlement, amount of energy consumed, or even intensity
of interaction,

ibarzall invites us to view eatly hu nter-gatherer bands as gas particles, in
the sense that they lived apart from each other and therefore interactsd
rarely and unsystematically, (Based on the ethnographic evidence that
bands typically lived about seventy miles apart and assuming that humans
wan walk about twenty-five miles a day, he caleulates that any two bands
were separated by more than a day's distance from ang another ™ When
fumanes first began to cultivate cereals and the interaction batwean
human beings and plants creatad sedentary communities, hu manity ligue-
fied or condensed into groups whaose interactions were now more frecquent
aithough still loosely regulatad. Finally, whan a few of these communities
intensified agricultural production to the point where surpluses could be
harvested, stored, and redistributed (for the first time allowing a division
of labor between producers and con sumers of food), humanity acquired
@ crystal state, in the sense that central Bovernments now imposed a sym-
metrical grid of laws and regulations on the urban Fopulations,+

Rowever ovarsimplified this picture may be, it contains a significant clue
a% to the nature of nonlinear history: if the different "stages” of human
history were indeed brought about by phase transitions, then they are
not “stages" at all —that s, progressive developmental steps, each better
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Jan phase simply added itsell to the other ones, coexist-
1,.,.1“1 them without leaving them in the past. More-
hl rmaterial may solidify in alternative ways (as o or

mesticated animals nat plants, and the consequent pastoral
geed on them the need to move with their flocks, almost as if
n.dmsad not into o pool of iguid but into a moving, at tires
_.EI']'uiuj; When these nomads did acouire a solid state (during the
'.ﬁj-_éénghis Fhan, for instance), the resulting structure was more [ike
':*El'mn crystal, more amorphous and less centralized. In other words,
an histary did not follow a straight line, a5 if everything pointed
toward clvilized societies as humanity's ultimate goal, On the cantrary, at
~gach Bifdecation alternative stable states were possible, and once actual-
= e, they cosxisted and interacted with one anather,

Fam aware that all we have here are suggestive metaphors. it is the
task of the various chapters of this book to attempt to remaove that meta-
phorical content, Mareover, even as metaphors, |berall’s images suffer

Arom another drawback: inorganic matter-energy has a wider range of
alternatives for the generation of structure than just these simple phase
transitions,; and what is true for simple “stuff” must be all the more
s for the complax materials that form huran cultures. In othar words,
gven the humblest forms of matier and energy have the potential Tor
self-organization bevend the relatively simple type involved in the cre-
ation of crystals. There are, for instance, those coherent waves called
salitons, which form in many different types of materials, ranging fram
ocean waters (where they are called tsunamis) to lasers, Then there are
tha aforementioned stable states {or attracters), which can sustain co-
herent cyclic activity of different types (periodic or chaotic).5 Finally, and
unlike the previous examples of monlinear self-organization whera true
innovation cannot ocour, there is what we may call “nonlinear combina-
torics," which explores the different combinations into which antities
derived from the previous processes (crystals, coherent pulses, cyclic
patlerns) may enter, [t is from these unlimited combinations that truly
noval structures are generated.t When put together, all thase forms of
spontanecus structural generation suggest that inorganic matter is much
more variatle and creative than we ever imagined. And this insight into
matter’s inherent creativity needs to be fully incorporated into cur new
raterialist philosaphias.
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While the concept of self-organization, as applied to purely material
and energetic systems, has been sharpenad considerably aver the las)
three decades, it still needs to bé refined Befare we can apply it to the
case of human societies. Specifically, we nead to take into aceount that
any explgnation of human behavior must invelve referen ce o irredyucible
intentional entities such as “beliefs” and “desires," since expectations
and preferences are what guide human decision rmaking in & wide range
of soclal activities, such as palitics and econemics. In some casas the
decisions made by individual human beings are highly constrained by
their position and role in a bierarchical organization and are, to that ex-
tent, geared toward mesting the goals of that organization, In other cases,
howevar, what matters is not the planned results of decision making,
but the unintended collective conseguences of hurman decisions. The hesgt
Hlustration of a social institution that emerges spontanecusly from the
Int¢raction of many human decision makers is that of a pre-capitalist
market, a eellective entity arising from the decentralized interaction of
many bBuyers and sellers, with no central “decider” coordinating the
whaole process, In some models, the dynarics of markets ara govarned
by periodic attractors, which force markets to uade rgo boom-and-bust
cycles of varying duration, from three-year business cycles to fifty-wear-
long waves,

Whether applied to self-organized forms of matter-e nergy or to the un-
planned results of human agency, these new concepts demand a new
méthodology, and it is this methodological change that may prove to be of
philosophical significance. Part of what this change invalves is fairly obyi-
ous: the eguations scientists use to model nonfinaar processes cannat be
salved by hand, but demand the use of computers. Mara technically, un-
like linear equations (the type most prevalent in sciance), nonlinear ones
are very difficult to solve analytically, and demand the use of detailed
numerical simulations carded out with the help of digital machines. This
imitation of analytical tools for the study of nonlinear dynamics bacomes
Ev¥en maore constraining in the case of nonfinear combinatorics. In this
case, certain combinations will display emergant propertios, that %, prop-
erties of the combination a5 a whole which are more than the sum of
its Individual parts, These emeargent (or “synergistic™ propertes befang
ta the interactions between parts, so it follows that a top-down analytical
approach that begins with the whole and dissects it into its constituant
parts {an ecosystem inte spacles, a society Into institutions), is bound to
miss precisely these properties, In other words, analyzing a whaole into
parts and then attempting to model it by adding up the components will
fail to caplure any property that ermarged from complex interactions,
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r, 8 top-down approach to the study of complax
plemented with a bottom-up approach: analysis
{ with synthesis. And here, just as in the case of

species, we unleash within the computar a pop-

sal “animals” and “plants” and attempt to gen-

' :'F;a:ha'tﬂvaf systematic properties we ascribe to
ole. Dnly if the resilience, stability, and cther prog-

: a formation of complex food webs) emerge

of the simulation can we assert that we have

and combinatorics of rain forest forma-

h takern by the new discipline of Artifi-

phical approach to history which is as
i ot mean; of course, that every one of
caraful synthetic simulations of social
esults of many bottom-up simulations
i, bt research in this direction is
tam-up in that | make an effort not
| cannot show that a particular system.
“ocourred, (In particular, | refrain from
f l:;iﬂqﬂﬂma system and focus instead on sub-
1 igs at any given lavel (the level of
iviclual decision makers) in terms
immediately below,
ion of the philosophical founda.
rthodox sociology. Althaugh the
2ins its analysis at the bottom
decision maker, it does so in a
ch one of which is medeled as
sUon {rmarginal wkility”) in isols-
8r is further atomized by the
N éra made on a case-Dy-case
limitations, ignoring social norms
action in & variety of ways. Orthodeox
E'M'J':E_Ivﬂtruduralistj, on the ather
It of departure and only rarely

INTRODUCTION

attempts to explain in detali the exact historical processes through which
collactive social Institutions have emearged out of the interactions among
individuals,

Fortunately, the last few decades have witnessed the birth and growth
of a synthesis of economic and seciclogical ideas (under the banner of
“neginstitutional economics™), as exemplified by the work of such authors
as Douglas Morth, Viktor Vanberg, and Ofiver Williamsan, This new school
(or set of schools) rejects the atomism of neoclassical economists as well
as the holism of structuralist-functionalist sociologists. It preserves “meth-
ododogical individualism™ (appropriate to any bottom-up perspective) but
rejects the idea that individuals make decisions solaly according to self-
interested {maximizing) calculations, and instead models individuals as
rule followers subjected to different types of normative and institutional
constraints that apply collectively. Meoinstitutionalism rejects the “metha-
dological holism™ of sociclogy but preservas what we may call its “onto-
logical holism,” that is, the idea that even though collective institutions
emerge out of the interactions amoeng individuals, once they have formed
they take on “a life of their own” (i.e., they are not just reitied entities)
and affect individual action in many different ways, @

Meainstitutionalist econcmists have also intreduced sociological con-
cepts into economics by replacing the notion of “exchange of goods™ with
the more complex one of “transaction,” which brings into play different
kinds of collective entities, such as institutional norms, contracts, and
enforcement procedures, Indeed, the notion of “"transaction” may be said
to add to linear sconomics somea of the "friction” that its traditional mad-
els usually leave out: imperfections in markets due to limited rationality,
imparfact information, delays and bottlenecks, opportunism, high-cost
enforceability of contracts, and so0 on. Adding “transaction costs™ to the
classical model is a way of acknowiedging the continuous presence of non-
linearities in the operation of real markets. One of the alms of the present
book Is to attempt a synthesis between these new ideas and methodolo-
gles in sconomics and the corresponding concepts in the sciences of self.
organization.®

In Chapter One | approach this synthesis through an exploration of
the history of urban economics since the Middie Ages. | take as my point
of departure a view shared by several materialist historians {principally
Braudei and McNeill): the spacific dynamics of European towns were one
important reason why China and |slam, despite their earty economic and
technological lead, were eventually subjected to Wastern domination,
Given that an impartant aim of this book is to appreach history in a non-
teleclegical way, the eventual conguest of the millennium by the West
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will not be viewad as the result of “progress” ACCUTTing thertlwhlla.;ﬁi'li'ﬁg
o take place outside of Europe, but as the result of certain dynamics
(such as the mutually stimubating dynamics invelved in arms races) that
intersify the accumulation of knowledge and technalogies, and of certain
institutional norms and gorganizations. Several different forms of miutual
stimulation (or of “positive feedback,” to use the technical term) will be
analyzed, each involving a different set of individuals and institutions and
gvolving in a different area of the European urban landscape. Furthermare,
it will be argued that the Industrial Revelution can be viewed in terms of
reciprocal stimulation between technologies and institutions, wheraby
the elements involved managed to form a closed loop, so that the entire
assemblage became self-sustaining. | refer to this historical narrative

a5 "geological” because it concerns itself exclusively with dynamical ele-
mants (enargy flow, nonlinear causality) that we have in cornmon with
rocks and mountains and other nonliving historical structures,

Chapter Two addresses another sphere of reality, the world of germs,
plants, and animals and hence views citios as ecosysterns, albeit
extremely simplified ones, This chapter goes beyond questions of inani-
mate energy flow, to consider the flows of organic materials that have
informed urban life since the Middle Ages. In particular, it considers the
fiow of food, which keeps cities alive and In maost cazes comes from
outside the town itself. Cities appear as parasitic entities, deriving their
sustenance from nearby rural regiens or, via colenlalism and conquest,
fram other lands. This chapter alsc considers the flow of genatic materi-
als through generations — not so much the flow of human genes as
those belenging to the animal and plant species that we have managed
to comesticate, as well as those that have constantly eluded our control
such as weads and micreorganisms, Colonial enterprises appear in this :
chapter not only as a means to redirect food toward the rmatherland,
but aiso as the means by which the genes of many nonhuman species
have invaded and conguered alien ecosystems.

Finally, Chapter Thres deals with the other type of “materials™ that
:anter into the human mixture: linguistic materials, Like minerals,
inznimate anergy, food. and genes, the sounds, words, and syntactical
ronstructions that make up language accumulated within the walls of
medieval (and modern} towns and were transformed by wrban dynamics.
Some of these linguistic materials (learned, written Latin, far axampla)
ware 5o righd and unchanging that they simply accurmulated as a dead
structure, But other forms of language (vulgar, spoken Latin were dy-
namic entities capable of giving birth to Aew structures, such as French
spanish, Itallan, and Portuguese. This chapter traces the histo ry of I
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these emergences. most of them in urban envirenments, as well as of the
eventual rigidification (through standardization) of the dialects belonging
to reglanal and national capitals, and of the effects that several genara-
tions of media (the printing press, mass media, computer networks) have
had on their svalution,

Each chapter begins its narrative in the year 1000 4.0, and continueas
frmaore or lass linearly) to the year 2000. Yet, as | sald above, despite their
style of presentation, these three narratives do not consltitute a “real”
history of their subjects but rather a sustainad philosophical meditation
an seme of the historical processes that have affectad these three Types
af “materials” (energetic, genetic, and linguistic). The very fact that each
chapier concentratas on a single “material™ (viewing human history, as
it wara, from the point of view of that particular material) will make these
narratives hardly recognizablie as historical accounts. Yet, most of the
generalizations to be found here have been made by historians and are
not the product of pure philesophical speculation,

In the nonlinear spirlt of this book, these three worlds (geclogical, Dio-
logical, and linguistic) will not be viewed as the progressively mora scphis-
ticated stages of an evolution that culminates in humanity a5 its crowning
achievement. Itis true that a small subset of geological materials (car-
ban, hydrogen, oxygen, and nine other elements) formed the subsbratum
needad for living creatures to emerge and thatl a small subset of arganic
materials {certain neurons in the brain) providad the substratum for Lan-
guage. But far from advancing in stages of increased perfection, thase
successive emergences were —and will be tréated here as—mere accumu-
lations of different types of materials, eccumulations in which each suc-
cessive layer does not form a new world clesed in on itkself but, on the
contrary, results in coexistences and interactions of differant kinds. Be-
sides. each accumulated layer is animated from within by salf-crganizing
processes, and the forces and constraints behind this spontanecus
generation of order are comrman 1o all three.

In & very real sense, reality is a single matter-anergy undergoing phase
transitions of various kinds, with each new layer of accumulated “stuff”
simply enriching the reservoir of nonlinear dynamics and nanlinear corm-
binatorice availabie for the generation of nowel structures and processes.
Rocks and winds, germs and words, are all different manifestations of
this dynamic material reality, ef, in other words, they all represent bha dif-
farent ways in which this single matter-energy expresses itself. Thus, what
fallowes will net be a chronicle of “man™ and “his™ historical achievements,
but a philoscphical meditation on the history of matter-anergy in is dif-
farent forms and of the multiple coexistences and interactions of these
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Geological History
1000-1700 A.p.

We live in a world populated
by structures—a complex
mixture of geological, biologi-
cal, social, and linguistic con-
structions that are nothing but
accumulations of materials
shaped and hardened by his-
tory. Immersed as we are in
this mixture, we cannot help
but interact in a variety of
ways with the other historical
constructions that surround
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us, and in these interactions we generate
novel combinations, some of which possess
emergent properties. In turn, these syner-
gistic combinations, whether of human origin
or not, become the raw material for further
mixtures. This is how the population of struc-
tures inhabiting our planet has acquired its
rich variety, as the entry of novel materials
into the mix triggers wild proliferations of new
forms.

In the organic world, for instance, soft tis-
sue (gels and aerosols, muscle and nerve)
reigned supreme until 500 million years ago.
At that point, some of the conglomerations of
fleshy matter-energy that made up life under-
went a sudden mineralization, and a new mate-
rial for constructing living creatures emerged:
bone. It is almost as if the mineral world that
had served as a substratum for the emergence
of biological creatures was reasserting itself,
confirming that geoclogy, far from having been
left behind as a primitive stage of the earth's
evolution, fully coexisted with the soft, gelati-
nous newcomers, Primitive bone, a stiff, cal-
cified central rod that would later become the
vertebral column, made new forms of move-
ment control possible among animals, freeing

2
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them from many constraints and literally set-
ting them into motion to conguer every avail-
able niche in the air, in water, and on land,
And yet, while bone allowed the complexifi-
cation of the animal phylum to which we, as
vertebrates, belong, it never forgot its mineral
origins: it is the living material that most eas-
ily petrifies, that most readily crosses the
threshold back into the world of rocks. For
that reason, much of the geological record is
written with fossil bone,

The human endoskeleton was one of the
many products of that ancient mineralization.
Yet that is not the only geclogical infiltration
that the human species has undergone,
About eight thousand years ago, human pop-
ulations began mineralizing again when they
developed an urban exoskeleton: bricks of
sun-dried clay became the building materials
for their homes, which in turn surrounded
and were surrounded by stone monuments
and defensive walls. This exoskeleton served
a purpose similar to its internal counterpart:
to control the movement of human flesh in
and out of a town’'s walls. The urban exoskele-
ton also regulated the motion of many other
things: luxury objects, news, and food, for
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example. In particular, the weekly markets that have always existed at
the heart of most cities and towns constituted veritable motors, peri-
odically concentrating people and goods from near and faraway regions
and then setting them inte motion again, along a variety of trade
circuits.

Thus, the urban infrastructure may be said to periorm, for tightly
packed populations of humans, the same function of motion conbrel
that aur bones da o relation to our fleshy parts. And, in both cazes,
adding minerals to the mix resulted in a fantastic combinatarial explo-
sign, greatly increasing the variety of animal and cultural designg, We
must be careful when drawing these analogies, howevar. In particular, we
must avoid the errar of comparing citles o grganisms, espaciatly whan
the metaphor is meant to imply (as it has in the past) that both exist in
a state of internal equilibriam, or homeostasis. Rathar, urban centers
and living creatures must be seen as different dynamical systems operat-
ing far from equilibrium, that is, traversed by more or less intense flows
of matter-energy that provoke their unique metamorphoses.®

Indeed, urban morphogenesis has depended, fram its ancient begin-
nings in the Fertile Crescent, on intensification of the consumption of
rronhurman energy. The anthropologist Richard Mewbold Adams, wha
spes social avalution a8 just anather form that the self-organization of
enargy may take, has pointed cut that the first such intenstlication was
the cultivation of cereals.? Since plants, via photosynthesis, simply con-
wert solar energy into sugars, cultivation increased the amount of solar
anergy that traversed hurnan societies, When food production was
further intensified, humanity crossed the bifurcation that gave rise to
wrban structures, The elites that ruled those early cities in turn mada
octher intensifications possibie — by developing large irftgation systems,
far example—and urban centers mutated into their imperial form. It
is impartant to emphasize, however, that cereal cultivation was cnly one
of saveral possible ways of intensifying energy flow, As several anthro-
pologists have pointad cut, the emergence of cities may have fallowed
alterpative rowtes o intensification, as when the emergence of urban life
in Peru fed off a reserveir of fish,® What matters is not agricelture per
se, but the graat increasain the flow of matter-energy through sociely,
a8 well as the transformations in urban form that this intense flow
makes possible,

From this point of view cities arise from the flow of matter-enargy, but
ance a town's mineral infrastructure has emergsd, it reacts to those
flows, creating a new sel of constraints that either intensifies or inhibits
them. Meediass to say, the walls, monumental buildings, streets, and
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houses of a town would make a rather weak seb of constraints if they
operated on their own. Of course, they do not. Our historical exploration
of urban dynamics must therelore include an analysis of the fnstitulions
that inhabit cities, whether the bureaucracies that run them or the mar-
kets that animate them. Although these instifutions are the product of
callective hurman decision making. once in piace they also react back an
their human components to imig themn and control them, or, on the con-
trary, to set them in motion or accelerate thair motation, (Henoe Institu-
tions constitute a =et of emergent positive and negative constraints, Dot
on & smaller scale.)

The birth of Europe, around the eleventh century of our era, was made
possible by a great agriculiural intensification, Az Lynn White, Jr., @ hisho-
rian aof medieval technalogy, has shown, im the centuries preceding the
second milfennium, “a series of innovations ooourmed which consolidated
to form & rarmarkably efficient new way of seploiting the sail."™ Thesa
Inngvations (the heavy plow, new ways of harnessing the horsa’s muscu-
lar energy, the apen-field systemn, and trignnial fleld rotation) were mutu-
ally enhancing a= well as interdependent, 5o that anby sehen they Tully
raeshed weare their Intensifying effects falt. The large increasa in the flow
of energy created by this web of technologies allowed for the reconstitu-
fion of the European exoskeleton, the urban framework that had for the
mnst part collapsed with the Roman Empire. Beginning around 1000 a0,
large populations of walled towns and fortified castles appearad in two
great zonas: in the scuth, along the Mediterranean coast, and in the
narth, aleng the coastlands lying between the trade waters of the Morth
Hea and the Ballic,

A= city historians often paint out, urbanization has abvays been a dis-
centinuous phenomencn. Bursts of rapid growth are followed by long peri-
ods of stagnation.® The wave of accelerated city building that cocurred
in Eurcpe between the elevanth and thirteenth centuries is no exception,
Many of the great towns in the north, such as Brussels and Anbeerp,
wirre barn in this period, ang the tar older citles of Italy and the Rhine-
fand axperiancad enormous growth. This acceleralion in urban develop-
ment, howeaver, would not be matched for anothar five hundred years,
when a new intensification in the flow of energy —this time arising from
the exploitation of fossil fusls —propelled ancther great spurt of city
birth and growth in the 1800s. Interestingly, mora than the praliferation
of fackory towns made possible by coal, the “fidal wave of mediaval urban-
ization™” laid out the most enduring features of the Eurcpean urban
structure, features that would continue to influence the courss of history
wiell imto the twenbieth century,

23



17 LAVAS AND MAGHAS

There are two basic processes by which cities can emerge and grow.
& town may develop spontaneously, acquiring itz irregular shape by fol-
lowing the topographical festures of the lendscape, or it may inherit
its shape from the distribution of villages that have amalgamated to farm
it. Such was the case of medieval Venlce, which accouwnts for its labyrin:
thine streets. On the other hand, a city may be the result of conscious
planning: a regubar, syrmmmetrical form may be imposed an its develop-
ment, to facilitate orderly settlement. During the deceleration that fol-
lwed the year 1300, the relatively Tew new cities thal were born wera of
the Batter Type, perbaps reflecting the increasing pdlitical centralization
of the time. Versailles, with its grid of broad avenuss converging at the
centar of power, is a2 perfect llustration. However, the difference between
self-organized and planned cities is not primarily one of form, but of the
decision-making processes behind the genesis and subsequent develop.
ment of that form. That is, the crucial distinction is between centralized
and decentralized decision making in urban development. There are
towns that have been purposefully designed to mimic the “organic™ lorm
of curvilinear streets, and there are towns whose grid-patterned streets
evalved spontaneously, due to some peculiarity of the anvironment.
Furlhermora, most cities are miztures of the bwo processes:

IF e veere to scan several hundred city plans at random across the range
of history, we would discover a more fundamental reason to question

the usefulmess of urban dicholemies based on geometry, We would find
that the two primary versions of urban arrangerment, the plannad and
the "organic”, often exist side by side. ... In Europe, new additions to the
dense medieval cores ol historic towns were always regular ... Most his-
taric towns, and virtually all those of metropolitan size, are puzzies of
premeditated and spontanects segments, varioushy inkerlacked or juxta-
posed. ... We can go beyvond. The two kinds of urban form do not always
sland in contiguous relationship, They metamorphose. The rewoerking of
prier geometrios svar time leaves urben pallmpsests where 3 once regular
grid plan is feebly ensconced within a maze of cul-de-sacs and narrow
winding streets =

The mineralization of humanity teok forms that were the combined
result of conscious maniputaticon of urban space by some central agency
and of the activities of many individuals, without any cenbral “decider.”
And yet, the two processes, and the forms they typically give rize to,
remain distinct despite their coexistence and mutual transformations.
n the one hand, the grid is "the best and quickest way to organize a
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homagenecus population with 8 single secial purposs.”? On the other
hand, whenever a heterogeneous group of people comes together spon-
tanecusly, they tend o organize themselves in an interlocking urban
pattern that interconnects them withoul homogenizing them.

Even though frem a strictly physical viewpoint accelerations in city
building are the result of intensifications in the flow of energy, the actual
form that a given town takes is determined by human decision making.
A similar distinction between centralized and decentralized decision mak-
ing must ke made with respect to the social institutions that determine
bow enérgy flows through a city—that is, with respect to the city's “distri-
bution systams."® On the one hand, thers are buresucracies, hierarchi-
cal structures with conscious goals and overt control mechanisms, On
the other, there are peasant and small-town markets, self-organized
structures that arize spontanecusly out of the activities of many individu-
als, whose Interests only partially overlap: {1 have in mind here & place
i & town where people gather every week, &8s opposed to markets in
the modern sense: dispersed collections of consumers servad by many
mikdelamen, ji

Bureaucracies have abways arisen to effect a planned extraction of
energy surpluses (faxes, tribute, rents, forced lakor), and they expand
in proportion to their ability to control and process those energy flows,
Markets, in contrast, are born wherever a regular assembly of indepen-
dent decizion makers gathers, whether at church or at the border Betwaen
o regions, presenting individuals with an opportunity to by, sell, and
Barter. The distinction betwean these two types of energy distribution
systems exactly paraliels the ong above, only on & smaller scale. One sys-
tem soris out buman beings into the internally homogeneous ranks of &
bureaucrasy. The other brings a heterogenecus collection of hurmans
together in a market, whers thelr complementary econamic needs anmash.

Markets and bureaucracies are, however, more than just collective
rechanisms for the allocation of material and energetic resources, When
people exchanged goods in & medieval markel, not only resources
changed hands but also rights of ownership, that is, the rights to use a
given rescurca and to anjoy the benefits that may be dernved from ik =
Hemoe, market transactions invalved the presence af colfective institu-
tional norms such as codes of conduct and enforceable contractsh. Simi-
larly, medieval bureaucracies weare nob only crganizations that contralled
and redistributed rescurces via centralized commands, they thamselves
wierg sels of mutwally stabilizing institutional norms, a nexus of contracts
and routines constituting an apparatus for collective action, The rules
behind bureaucracies tended to be more formalized than the informal
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conventions and codes of condust behind markets, and more imgar-/
tantly, they tendesd to beoome a “conatitution,' thal is, a set ol eentracts
defining a-homogeneous, common enterprise not easily disaggregated
inbo-a set of heterogeneous bilateral contracts like those invalved in mar-
kat transactions. 2

hMarkets and bureaucracies, as well a5 unplanned and planned cities,
are concrete instances of a mare peneral distinction: self-organized mash.
wirks of diversa elaments, versus hisrarchies of unitorm elements, But
again, meshworks and hierarchies not only coexist and intermingle, they
congtantiy give rise 1o one another. For instance. as markets grow in size
they tend to form commergial hierarchies. In medieval times this was
true of the graat fairs, such as the Champagne fairs of the thirteenth cen-
tury, which came te have as many participants as most towns had inhakbl-
Lants: "I a fair is envisaged as a pyramid, the base consists of the many
minor transactions in kocal goeods, usually perishable and cheap, than
ane maves upto the lusury goods, expansive and transported from far
away. Al Lthe very top of the pyramid came the active money market with-
out which business could not be dene at all—or at any rabe not at the
same pace,” !4

Thus, once markets graw past the size of local, weekly gatherings, they
ware ranked and organized from the tog, giving rise to a hybrid form:
a hierarchy of meshworks, The opposite hybrid, a meshwork of higrar-
chies, may b illustrated by the system of power in the Middle Ages. Urban
bureaucracies were but one of 2 number of centralized institutions that
coexisted in the Middle Ages, Royal courts, landed aristocracies, and
ecclesiastical hierarchies all entered into complex, uneasy mixtures, There
was nevaer a "super-elite” capable of globally regulating the mix, so local
constraints (shifting alllances, truces, legal debates) worked alongside
formal procedures in generating stability. [f we add to this the fact that
the state and the church in the West arose from heleropenecus origins
tunlike China or |slam where all these higrarchical structures had emerged
within a homogeneous cultural tradition), the system of power in the early
part of this milkennium was a true mesh of hierarchical organizations. =

Meshworks and hierarchies rneed to be viewed not only as capable of
giving rise to these complex hybrids but also as in constant Interaction with
one ancther. Primitive bureaucracies had evolved in the Middle Ages to
regulate certain aspects of market life (for instance, to arbitrate disputes
between markets when their catchment areas overlapped), or to provide
security for the big fairs, However, we must not imagine that the mere
existence of a command hierarchy meant that the global rules of a
bureaucracy could in practice be enforced. In medieval times, the norms
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that governed ecenomic’life —the normns that guarantesd that contracts
wiould: i henored or that measwres, weights, and currencies would
remain stable —weare for the most part not global, but based on self-
defense, retaliation, and other local controls. As one historian has put i,
the entarcemaent of economic norms in the Middle Ages was & combina-
tien of centralized decision making and a “self-regulating mechanism
cempounded by a balance of terror and a lively sense of mutual advan-
tage fell by all membars of the internaticnal commumnity. &

The large populations of towns and citles that emerged in Europe after
the year 1000 may be classified by their relative proportions of meshwaork
and higrarchical componegnts, By far the majority of settlements wera
small towns, with mora markat than command ingredients in their mix.
Crver half of all European urban dwellers lived in those local market centers,
even though each town bhad fewer than two thousand residents, Then
came intermadiate-sized towns (fewer than ten thousand inhabitants),
which began adding local and regienal admiristrative functions and, henea,
a higher proportion of command components. Control of roads and super-
vision of travelars, two centralized functions absent from small tawns,
weare already practiced here, & wider variety of institutional forms inhab-
ited those larger settlements: courts, jails. hospitals, religicus fownda-
tieris, But as complexity increased, so did ranty: while Ehere were abowt
3,000 small towns in nerthern Europe, therg were only 220 of intermediate
sz, Denser urban concentrations were even rarer, but for the same
reason sustained a wider range of functions:

Citips with more than 10,000 rasidents stood out In Medieval Europs,
excapt im northern italy and Flanders where the spread of cloth production
and the increass in trgde permitted relatively intensa urbanization. Else-
whers, large size was correlated with comples sdministrative, religions,
educational, and econcmic lunctions. Many of the big towns — for example,
Barcelona, Cologne or Prague — supported universities as well as a wide
variety of religious institutions. Thair economiss were divarsified and
included awide range of artisans and service workers, .., The large cities
of 1330 awed their size to the multiplicity of their functions. ... The same
point can e made about the few urban glants of the Middle Ages. Paris,
Milan, Venlce, and Fiorence were commersial and manufasturing cities, and
alsg political capitals, 12

This multiplicity of urban centers, internally differentiated by size and

complexity, can be compared e other populations of towns that emerged
aisewhere, Urbanization explosions had accurred in Islam and Chima at
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least twa centuries before those in Europa. But im those two regions, cities
and towns had to competa with a larger socicpolitical entity that emerged
anly later in the West: the central state. Whike Islam in the earl part of
the millennium had some towns (Cordova, Ceuta) similar to those in the
West, huge towns, such as Baghdad or Cairo, that housed royal hierarchies
were the rule there? China, too, showed a greater percentage of towns
subjected to a central authority than autonamous owns defined by the
rmowermneant of people and goods through their walls, Williarm McoMeill is one
ol several historians whao think that one of the reasons for the West's
evantual domination of the millennium Hes in the different miztures of
centralized and decentralized decision making in its towns:

The fact that China remained united palitically from Sung (o madern imes
..o l= evidenca of the increased powar govarnment parsonnel wielded. Dis-
crepancies batween the ideas of Lhe markeiplace and those of gavernment
ware raal enough; but as long as officials could bring overriding polics poeer
whenever they weare locally or privately defied, the command element in the
ik remained securely dominant. ., For this reasan the autacatalytic char-
acter that European commercial and industrial expansion exhibiled between
tne eleventh and the nineteanth century never got startad in China,

In short, McMells hypothesis is that explosive, sell-stimulating (“auto-
catalytic™) urban dynamics cannot amerge when higrarchical compenents
overwhelm meshwork components. Fernand Braudel seems to agree with
Lhis hypothesis when he asserts the existence of a “dynamic pattern of
turbulent urbam evolution in the West, while the pattern of life in cities in
the rest of the world runs in a long, straight and unbroken line across
time. "2 One example of the nonlingar, runaway nature of autocatalytic
dynamics in many medieval Westarn towns is the seguence of intensifica-
tions of anangy flow that propelled urban growth. First came an agricul-
tural intensification causing masshve increases in popukation and
Eherefore giving birth to many citias. Then, as in ancient times, the inter-
action of these urban centers further intensified energy consumption.
Dne of these intensifications was achieved by harnessing the energy of
running water W power grain mills and thp-hammers in forges and to
facilitate the fulling of cloth. This was, without exaggeration, an eleventh-
century industrial revolution, fueled by solar Cagriculturaly and gravita-
tranal (walter) energy.

In addition o raw energy, the turbulent dynamics to which both McMNeill
and Braudel refer were associated with the intensification of another fiow:
the flow of money. Howard Cdum, a systems ecologist, has developed a
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the_t::-r'_.- of money that, though perhaps too simple; offers a useful imaga
here. Money, Odum says, |s like enargy. only it runs in the opposite direc-
tion: energy flows from agricultural villages to the tawns they feed, while
mney flows from town to countryside, to pay for the food. “The flow of
energy makes possible the circulation of money [including the energy spent
on paperwork, banking, closing deals] and the manipulation of money
can control the flow of energy."## To apply Odum's schema to medleval
life we need to bring cur mixtures of market and command ingredients
to bear, Gontrary to what may be supposed, monetary systerms are of
ot commarcial but political erigin. Specifically, they were developed by
central hierarchies to facilitate the extraction of agricultural surpluses
and the ralsing of taxes.2* In the early part of the millennium, feudal land-
tards extracted this excess energy, and in many cases peasants would
ceme to a market town to sell their goods, not to buy other goods, but to
get cash to pay their rent to the cwners of their land.25 With that gualifica-
tion, Odum's idea Is useful: monsatary flows regulate (inhibit or intensify)
energy flows, particularly when the flow of meney escapes total cantral by
the state,

Momey is best defined as a catalyst or stimulant of trade (and its
absence, an inhibitor). Barter, the exchange of gocds for goods, s rela-
tively inefficient in that people must wait for their complementary neads
te meet, The occasions when one person has exactly the good that the
other needs, and vice versa, are exceedingly rare, But any good that is
highly desirable and can easily be put back into circulation can play the
rofe of money: blocks of salt, cowry shells, coral, ivary —even Cigarathes
in redern prisens.®® Any one of & humber of widely desired goods can
sponianecusly become money simply by being able to flow faster and
mare easily. And once such salf-organized meney comes inte existence,
complementary demands can be meshed together at a distance, greatly
increasing the intensity of market exchanges. Frequently coexlsting with
this spontanecus money are monetary systems, with their hierarchy of
homegeneous metal coins of different dencminations, & system that is
not self-organized but planned and implamented by an elite. Planned
money, since its inception in ancient Egvpl, has used metals as its physi-
cal wehicle because they can be welghed and measured, uniformiy cut,
and standardized,*

Whenever these two types of money —the planned and the spontaneous
—came into contact, standardized maoney would inevitably win, causing
devaluation of the other, increases in its reserves, and catastrophic infla-
tien, This situation would arise time and again over the centuries, partiou-
larly when Europe began colonizing the werld. However, in the first few

35

L R T

-
.
-
i
E
R
=
=




R e

I: LAVAS AND MAGMAS

canturies of the millennium the situation was reversed: early Europe
was, in a manner of speaking, a colony of Islarm, an empira that not oniy
had a rmore advanced monetary system, but also had invented many

of the instruments of credit (from bills of exchange to promissory notes
and checks), As Braudel says, *If Europe finally perfected its money, it
was bacause it had to overthrow the domination of the Muslim world.”28
venice, Florence, Genoa, and other largs medieval cities started coining
their own copper, silvar, and gold money, and the velume of Europaan
trade began to rise. From then on, this new flow, catalyzing and control-
ling the flow of energy, never ceased accelerating the pace of European
histery. The flow of money ceuld itself be intensified, either by increas-
ing the sxploitation of mines, and hence the reservoir of matal, or by
gpeeding up its circulation. These two intensitications, of the volume and
velacity of monay, affected each other, since “as precicus meatals became
mare plentiful colns passed more guickiy from hand to hand,”#*

These intensa flows of energy and monetary catalysts fueled the great
urban acceleration in medieval Europe and kept the towns that made up
Europe's great exoskeleton in a turbulent dynamical state, Although large
accumulations of money created new commarcial hierarchies, the net
result was a decrease in the power of central states and a concomitant
increase in the autonomy of cities. The intensity of the flows themselves,
and nat any special feature of the "European psyche” (calculating ratio:
nality, &y, or & spirit of thrift), is what kept the mixture of markeat and
coemmand compenents in the right proportions to foster autocatalytic
dynamics.® One more element must be added to this explanation, how-
ever, but this will involve going beyond a conception of markets (and
bureaucracies) as allocation mechanisms for Scarce resouTces,

This point might be clarified by applying certain ideas recentiy devel-
aped by the nesinstitutionalist economist Douglas Morth, As we noted
abave, not only resources change hands in the marketplace but also
property rights; hence the market facilitates simple exchanges as well as
potentially complex transactions, The latter involves a host of “hidden”
costs ranging from the enargy and skill needed to ascertain the cuality
of a product, to the drawing of sales and employment contracts, to the
enforcement of those contracts. In small medieval markets these “trans-
action costs” were minimal, and so were their enforcement mechanisms:
threats of mutual retaliation, cstracism, codes of conduct, and other
Infarmal eonstraints sufficed to allow for the more or lass smooth func-
tioning of a market. But as the volume and scale of trade intensified (or
as its character changed, @3 in the case of foreign, long-distance trade),
new Institutional norms and organizations were needed to regulate the
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flow of resources, ranging from standardized weights and msasures
to the use of notaral records as evidence in merchant law courts or state:
courts, Morth's main point is that, as medieval markets grew and oam-
plazified, their tranzaction costs increased accordingly; without & set of
imstitutional norms and organizations to keep those costs down, the
turbuient intensification of trade in the Weat woauld bave same to a halt,
Ecomamies of scale in trade and low-cost enforceability of contracts
weire, accarding o Narth, mutually stimulating.®

Marny institutional norms emerged in an unplannad way = thase related
to common law or to informal codes of conduct, for example —and slowly
“sedimented” within towns in the Middie Ages. Others, such as printed
lists of prices or maritime insurance schemes, were deliberately intro-
duced to reduce transaction costs by improving the flow of market infor-
maticn or by spreading the risks of large investmants. Those cities
engaging in types of trade with particularly high transacton costs, such
as long-distance trade, seem to have been the incubators of many institu-
tional innovations, As these “oultural materials” {informal constraints,
formal rules, enforcement procedures) acting as tracle catalvsts accumu-
lated, they bagan to diffuse through the urban envirenment. As North
observes, "Merchants carried with therm in long-distance trade codes of
condigct, 50 that Fisan laws passed into the sea codes of Marsellles, Qleran
and Laback gave laws to the north of Eurcpe, Barcelona to the south of
Europe, and from Italy came the legal principle of insurance and bills of
exchange, & ==

Cne difference between the neginstitutionalist approach and the one
| am frying to skebch hers is this: beyond the level of the individual orga-
nization, the necinstitutionalist dees not seem to envision yet angther
emergent larger-scale entity but simply refers to “society” or “the polity”
as a whole, This, however, runs the risk of introducing too much home-
geneiy inte our models and of suggesting that human societies form a
"totality,” that is, an entity on a higher antological plane than individual
institutions and individual human beings. By centrast, speaking of con-
cridte cities (instead of "society™ in the abstract) enables us to Includse in
cur models historically emergent wholes that do not form tolalities but
simply larger-scale individual entities. It also reduces the danger of taking
too muvch social uniformity for granted. Individual cities (and nation
states) are easier to visualize as encompassing a variety of communities
within their borders, and if, a5 a matber of empirical fact, a given city {or
nation-state) displays a high degree of cultural homogeneity, this itsel
becomes something to be modeled as the result of concrete historical
processes, We have already seen that, depending on the mixture of cen-
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tralized and decentralized decision making behind a city’s birth and
growth, we can expect different degrees of uniformity and diversity in its
infrastructural layout. To this it must be added that, depending on the
role that a city plays in the larger urban context in which it functions,
the “cultural materials” that accumulate within it will exhibit different
degrees of homogeneity and heterogeneity. Specifically, a city may play
the role of political capital for a given region and encourage a certain
degree of uniformity in its own culture and in that of the smaller towns
under its command. On the contrary, a city may act as a gateway to for-
eign cultures, promoting the entry and diffusion of heterogeneous materi-
als that increase its diversity and that of the cities in close contact with
it. In either case, viewing cities as individuals allows us to study the inter-
actions between them and the emergent wholes that may result from
those interactions.

That groups of cities may form hierarchical structures is a well-known
fact at least since the 1930s, when the term “Central Place” system
was introduced to refer to pyramids of urban centers. More recently,
urban historians Paul Hohenberg and Lynn Hollen Lees have suggested
that in addition to hierarchical structures, cities in Europe also formed
a meshwork-like assemblage, which they refer to as the “Network Sys-
tem.” Let’s examine some of the defining traits of these two types of city
assemblages, beginning with the Central Place system, exemplified in
the Middle Ages by the hierarchies of towns that formed under strong
regional capitals such as Paris, Prague, and Milan. As we saw before, the
population of towns in medieval Europe was divided by the size and com-
plexity of its individual units. This distribution of sizes was not accidental
but directly related to the links and connections between settlements.
Much as small towns offered the surrounding countryside a variety of
commercial, administrative, and religious services, the towns themselves
looked to the more diversified larger cities for services that were unavail-
able locally. This created pyramids of towns organized around hierarchical
levels of complexity. The distribution in space of these hierarchical sys-
tems was directly tied to geographical distance, since the residents of a
town would only travel so far in search of a desired service. A number of
such pyramidal structures arose in the Middle Ages, each organizing a
broad, more or less clearly defined region. Generally, the flows of traded
goods that circulated up and down these hierarchies consisted of basic
necessities, such as food and manufactured products.

In contradistinction, the circulation of luxury items originated some-
where else. Long-distance trade, which has since Antiquity dealt with pres-
tige goods, is the province of cities outside the Central Place system,
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cities that act as gateways to faraway trading circuits, as well as nodes

in a network not directly constrained by distance. For example, many
European gateway cities were maritime ports, connected (more than sep-
arated) by the Mediterranean and the Baltic and North Seas.33 These
urban centers formed, according to Hohenberg and Lees, a Network
system:

The Network System, with quite different properties, complements the Cen-
tral Place System. Instead of a hierarchical nesting of similar centers, dis-
tinguished mainly by the number and rarity of services offered, it presents
an ordering of functionally complementary cities and urban settlements.
The key systemic property of a city is nodality rather than centrality....
Since network cities easily exercise control at a distance, the influence of a
town has little to do with propinquity and even less with formal command
over territory. The spatial features of the Network System are largely invisi-
ble on a conventional map: trade routes, junctions, gateways, outposts.34

Instead of a hierarchy of towns, long-distance trading centers formed a
meshwork, an interlocking system of complementary economic functions.
This is not to imply, however, that all the nodes in the meshwork were of
equal importance. Certain economic functions (especially those giving
rise to innovations) formed a privileged core within a given network, while
others (e.g., routine production tasks) characterized its peripheral zones.
Yet, the core of the Network system differed from the acme of the Central
Place pyramid. In particular, the influence of a network’s main city was
more precarious than that of the Central Place, whose dominance tended
to be stable. Core cities tended to replace one another in this role, as the
intensity of exchange in a given trade route varied over time, or as erst-
while luxury goods (pepper, sugar) became everyday necessities: “Since
[these] cities are links in a network, often neither the source nor the ulti-
mate destination of goods, they are in some measure interchangeable as
are the routes themselves.”3% Roughly, the sequence of cores was (from
the fourteenth to the twentieth centuries) Venice, Antwerp, Genoa, Ams-
terdam, London, New York.3¢ The two systems coexisted, with Central
Place towns usually belonging to the middle zone (or semiperiphery) of
the Network system.3”/

One very important feature of Central Place and Network systems is
the type of cultural structures they give rise to. As with many other struc-
tures, the raw materials (in this case, cultural habits and norms) need to
accumulate slowly and then consolidate, as more or less permanent links
are established among them. Hierarchical constructions tend to undergo
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a homogenization before their materials harden into a pyramid, while
meshworks articulate heterogeneous elements, interlocking them without

imposing uniformity:

On one level, the Central Place System serves a homogeneous people well
settled in its historical lands. The national capital distills and formalizes

the common folk culture and reinjects the civilized product back into local
life. ... [This contrasts] with the rootless cosmopolitanism of the Network
System, with its sharp cultural discontinuities between city and country and
between core and periphery.... Core values and techniques are superim-
posed on a traditional periphery with no attempt at integration or gradual

synthesis.38

Even before the advent of national capitals, the dominant cities of Cen-
tral Place hierarchies performed their homogenizations at the regional
level, transforming local cultures into “great traditions,” as they engaged
in book printing and publishing as well as schooling. Gateway cities, on
the other hand, helped diffuse heterogeneous elements from alien cul-
tures, as when medieval Venice introduced into Europe products, technol-
ogy, and architecture from the East. Later on, the cities of the Network
system would propagate the ideas of humanism, enlightenment, and radi-
cal thought, while giving refuge to persecuted thinkers and publishing
forbidden books.3? The circulation and processing of “cultural materials”
through these two different systems of cities are as important in the long
run as the mind-sets of the inhabitants of the towns themselves. The lat-
ter are, of course, an active element in the mix, to the extent that psycho-
logical structures, once they have come into being, affect the dynamics
of decision making and hence the flows of energy and money, knowledge
and ideas. But what is crucial to emphasize here is that the entire process
does not emanate from some essence housed within people’s heads,
particularly not any reified essence such as “rationality.”

In the original version of Central Place theory, created by Walter
Christaller in the early 1930s, the human capacity for making maximally
efficient decisions (what is now called “optimizing rationality”) was taken
for granted. The model of Christaller also assumed a frictionless world,
where geography lacked irregularities, wealth and power were distributed
evenly, and the levels of demand for city services, as well as the distances
people would be willing to travel to get them, remained fixed. In this linear
world, particular spatial distributions of cities of different rank resulted,
as the different centers arranged themselves to minimize travel time for
a given service, thus optimizing their collective benefit, or utility.4° In non-
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linear dynamical models of city development, such as those created by
Peter Allen and Dimitrios Dendrinos, urban patterns do not result from
some global optimizer (such as superrational human decision makers
minimizing transportation costs) but from a dynamics of cooperation and
conflict among cities, involving growth and decay of centers. In these
models, urban settlements grow by attracting population from surround-
ing rural areas, with job availability and income acting as incentives to
immigration while congestion and pollution act as disincentives. Although
in principle several cities could share these human resources more or
less evenly, the models show a strong tendency for some urban centers
to grow at the expense of others and for large centers to inhibit the
growth of similarly scaled towns in their vicinity. Moreover, the emergence
of stable patterns of coexisting centers seems related to a decrease in
the strength and number of direct interactions among towns: too much
connectivity (as when every city in the model interacts with every other
one) leads to unstable patterns, while decreased connectivity within a
hierarchy of towns (that is, fewer interactions between ranks than within
a given rank) leads to stability.4

Contemporary studies in nonlinear urban dynamics teach us that, in
many cases, friction (delays, bottlenecks, conflict, uneven distribution of
resources) plays a crucial role in generating self-organization. Hence,
eliminating it from our models (by postulating an optimizing rationality,
for instance) automatically eliminates the possibility of capturing any real
dynamical effect. This insight is even more important when we consider
the dynamics of the institutions that channel the flow of energy through
cities: markets and bureaucracies. The classical picture of the market,
Adam Smith’s “invisible hand” model, is just like Christaller’s model of
urban patterns. It operates in a world completely devoid of friction, where
monopolies do not exist and agents are endowed with perfect foresight
and have access to costless and unlimited information. Smith’s model (or
more exactly, its implementation in neoclassical economics) also gener-
ates patterns that maximize the benefits to society as a whole, that is,
patterns in which supply and demand interact so as to reach optimal
equilibrium, precluding wasteful excesses or deficits. This type of market
dynamics is, of course, a fiction. And yet this picture of a “rational” free-
market dynamics emanating from the interaction of selfish agents reach-
ing optimal conclusions about alternative uses of scarce resources is still
at the core of modern linear economics.

Nonlinear approaches to market dynamics, in contrast, emphasize the
role of uncertainty in decision making and the inherent costs of informa-
tion gathering. Imperfect knowledge, incomplete assessment of feed-
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mack, limited memary and racall, as well as poor problem-solving skills
result in a form of rationality that attains not oplirmal decisions but mocre
ar less satisfactory compromises between conflicling constraints & This
“gaticficing™ or “bounded” rationality, proceeds in many cases by rulies

af thumb and other adaptive behavioral patterns. This does not preclude
some coherence ameng an agent’s expectations, needs, and actions, but
it does call for a dynamic explanation of the formation of adequate bellefs,
as opposed to simply assuming static forms of rationality. Maoreover, it
emphasizes that the responses of economic agents in the marketplace
ars nel uniform, that sorme agents will act more coherently than others,
and that the adequacy of their decisions will vary from time to tirme. ™

# nonlinear madel of market dynamics diffars greatly from Adam
Smith's. In particular, instead of a single, static equilibrium toward which
markets are supposed to gravitate, the nonlinear model allows for mull-
ple dynamical forms of stability. For example, markets may get caught in
cyclical equilibriums that force them to undergo successive periods of
growth and decay. Hence markets may be both self-regulating and non-
aptimal 4 These issues are all the more impartant when considering
medisval markets, which had to cope not only with the effects ol imper-
fect forasight, but with a multiplicity of other nanlinearities: agrarian hier-
archies exacting a portion of production, taking it cut of circulation;
craftsmen selling their products speculatively; money supply allecting
prices; and 20 on. Nonetholess, by the twelfth century, prices throughout
Europe fluctuated in unison, and this is what above all cha ractarizes a
self-regulating market economy. 4% This collective oscillation, this Mmassiva
rhythmical breathing across the cities that made up the Central Place
and Metwork systems, can now be captured through the use of nonlingar
models, where the impediments created by bounded rationality play a
constructive role, 4%

{ne may think that the suboptimal compromisss te which medieval
markets were condermned derived from the decentralized nature of their
decision-making processes, But a similar conclusion may be reached vis-
&-vis centralized bureaucracias, even though their formalized plans and
well-gefined goals would seem to be products of an optimizing rationality.

But here, too, decision making takes place in a world full of uncartainties,

Any actual systermn of information precessing, planning, and control will
never be aptimal but merely practical, applying rote responses (o recur-
rent problems and employing a variety of contingency tactics to deal with
unforeseen avents, Some of the flows of matter and energy in and out of
cities = flows that medieval hlerarchies were supposed fo regulate —
raceived more attention while others were overfooked and mismanaged.
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For instance, by the thirteenth century London had already generated a
specialized bureaucracy for handling the flow of water into the city: but
rdnagement of the flow of waste aut of the city did nok come about wntil
the nineteenth century, even though the English capital had had recur-
rent sowage crises since the 1370s, 1L was not until the river Thames™s
capacity to transport waste reached its limits, causing an odor that made
parliamentary sassions impossible to conduct, that the problem was cone.
fronted. Before that, the approach 1o sewage managemeant fad been
reactive, unplannad, and plecemeal — ha rdby aptimal 47

Thus, tounderstand the role of decision making inthe creation of social
crder, wa need to concentrate not so much on the more or less ratienal
character of individual decisions, but on the dynamics {centralized or
decentralized) armong many interacting decision makers. The hierarchies
and mashworks that develop from these interactions (particular bureau-
cracies, individual markets) in turn become elements of other homoge-
reegus and heterogeneouws structures {capitals or gateways), which in turn
go on to form Cantral Place and Metwork systems. At each level, different
nonlinear dynamics take place, with their ovwn multiple equilibriums and
Bifurcations between alternative stable states. Hence, individual decision
making, while impartant, is simply one element in the mix, Interacting
and influencing dynamics on only ene of & number of scales#

But even ab the individual level, what matters is not any particular psy-
cholegical structure {rationality) so much as problem-solving skills, rules
of thumb, and routine procecures, that |5, “cultural materials™ that can
accurnilale cver fime within a town's walls, Indeed, many preindustrial
cities may be seen as large reservoirs of skills and routines. Those cities
recruited from the countryside artisans possessing the most varied abili-
ties and Urades, and they were constantly struggling to steal this valuable
“human capital” away from each other. To maintain and increase their
reservoirs, towns attracted & flow of craftsmen, as well as a variety of pro-
fessionals, wha brought with them skills and procedures that could now
be taught to others or imitated, and hence added to the existing stock. As
theze cultural materials accumulated, they miked in varicus ways, form-
ing rovel meshworks and hierarchios.

On one hand, the ruling elites of many towns created, between the
twealfth and the fifteenth centuries, the guild system, through which they
arganized all craft activity within the city, Each guild brought together the
skills that formed a given trade, and homogenized the means of their
tranamission by regulating training metheds and certification procedures,
A% skilks accumulated and began interacting with one ancthar, trades
began to diversify and multiply: "in Muremberg . .. the metal working
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guilds . .. had divided, as early as the thirteenth century, Into several
dozen independent professions and trades, The same process n-:_:n:urred
in Ghent, Strasbourg, Frankiurt aned Florenca, '-'-rherla: the woolen industry,
4% elsewhere, became a cellectian of trades. In fact it -.-n::-u'll:.l be :tru.ﬁ- to
say that the boom of the tnirtesnth century arose aut of this meswly %-?-L
atad division of labor as it p.r-::nl‘nhzura'nm:l.."4le O Lhe -:.-l:hﬁr hand, a5 .Specaa .
tles multiplied so did the interactions between inmmdua.al ‘t.FEII:ﬂ&E-. ar.tu:l ;
this gave rise to meshworks of small produsers, “symoiolic cul.lefl;tlnnﬁ o
lithe anterprises,” as the urbanist Jane Jacobs has called them |
while the big gateway cities at the core ot the Net'.'..'trrk SYSLEIm, &5 We |
as those at the top of Central Place pyramics, gave ree F Etat.:u:.rral'_t: hier-
archies of guilds and gver moere rigid regulations, towns inhabiting the
middle zone (that is, not too small 1o b co ndamﬂe-q to remaln e: s Frpky
region for the corel engaged in what Jacobs calls “L!‘I‘Ipﬂr"r-‘:'rui}ﬁ-nltiuilfll 3
dynamics.” Instead of simply exchanging raw rnatarials for manuiaciure
goods from the blg cities, the artisans of these taf.-n:s. devaloped tt_re
skilis necessary to slowly replace these imports with Tosal production.
These new, less regulated skills, in turn, began forming mEEhWTS' as
they interlocked with ane another in functiznal complée mantanty._—- :
The market dynamics of these middle-zone towns were self-stimuiating
hecause the money saved by replacing some imports could hae_-:.pent o
new imports, which in turn genarated a new raknd n:_nr substitutions. As
Jacobs puts it, these small mediaval towns, and their small producers,
Syrare foraver producing new axports for one another— bells, dyes, buck-
les, parchment, face, neadles, painted cabinet 'm:-rll-:: c.ergrnlcﬁ._ hrush:s,
cutlery, paper, sieves and needles, sweatrmeats, efixirs, .fl'lEIi_. plt-:hh:-r- ?
gaxtants —replacing them with local production, becnmwm_cusmma.ﬁ ar
<till more innovations,"*? Jacobs describes the aumcatsl:.r.tu-:: -::I-_..-n_amms .
that produced these hu mble goods as evalving through bifurcations, as a
critical mass of patentially raplaceable imports accu mufated within a_
towen, giving rise to a new explosive episede of Impart replacement. The
innevations that came cut of this process did not have to be ;Iame:ur-::-ua
ar highly visible; what mattared was the generation of new skills and the
conseguent cemplexification of the meshwork. I
Computer simulatians of pecnomic meshwork dynarr_nca na'».le EMW:cf-.
rhat, at a certain critical level of com plexity, a kind of ".lndustrml tab
aecuTs in the interlocked system of functons cen 5titutu-!g .l:11t.e mesh-
work. 5 Jacobs has gathered evidence indicating that this is mde.ed the
way in which the econcmy of Europa took off &t the turn of the first .
millennium. &t the time, Canstantinople was at the top of the urban !-.ne,r-
archy, and Venice (which by the fourtesnth cenbury was the metropolis at
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the core of the Metwork systemn) was one of its humble supply Zones, The
Vienetlans sold timber and salt to the capital, in exchange for manufacs
tured oroducts, I the eleventh century, however, the economy of Venice
began to grow explosively, 85 a meshwork of small producers began sub-
stituting locally manufactured goods for those previously imported from
Constantinople, Since the local goods were necessarily rough and primitive
by tha standards of the capital, Venice could only trade its new surplus
products with other backward cities, (Thus, this type of autocatalysis
involves not single cities but teams of cities.} In this way, the economy of
Venice took off and propelled the city to a position as dominant cenler,
Because the smalier towns that now imported Yenetian products wera
also reservolrs of flexible skills, they eventually created their own import-
substitution meshwarks, Such was the case of Antwarp, which began as
& Yenetian supply regicen for wool, by the fifteenth century it too had
became a core af the Metwork. Londen had te wait until the nineteenth
century befors becoming the Metwork core, but since the Middle Ages it
had been substituting imparted leather goods from Condowva, to sell to
ather backward cities.™
This kind of volatile tfrade among small towns showld be added o aur
list of autoccatalytic processes animating medieval Europa. Large towns,
an the other hand, gave rse to a different type of turbulent dynamics,
based on luxury goods (nstead of everyday items) involving big Tirms
(instead of small producers), and on strategies that did not rely on the
existence of heterogenecus skills. &5 Braudel says, the proliferation of
new trades, and the resyuitant microspecializations, always characterized
the bottom layers of the trade higrarchy. Big business in the Middle Ages,
and for centuries afterward, had its own dynamics, which ran in the
exact opposite direction: “Even a shopkeeper who made his fortune, and
hecame & merchant, immediately moved out of specialization into nen-
specializabtion ., . obeying the rules of trade at its upper levels. To bacome
and above all to remain a wholesaler meant having not only the right but
the duty to handle, if not everything, at any rate as much as possible.”5*
The advantage that nonspecialization gave 10 these early capitalists
was freedom of rmotion, which allowed them to handle any fow of goods
that baceme highly profitabile, and to move in and out of flows as their
profitability changed. This freedom of choice has characterized capitalism
throughout the millennium, The merchants and financiers (and later
ingdustrialists) who inhabited the upper levels of the frade hierarchy never
invaded low-prafit zones, With the exclusion of cash crops for the luxury
market, food production and processing were left untouched until the
seventeenth century. The same is true of transportation, until the rail-
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raads, and of the construction industry, until cur century (if we exclude
factories and public buildings). 1f we add to this the retailing of goods, we
may conclude that none of the Tows of energy and matter that are indis-
pensable for an urban cenber were penatrated by large commercial higr-
archies {and their centralized decision making) wntil relatively recently.

Even in this age of huge multinational corporations, the command
elermient i the commersial mixture is far from 100 percent. The econe-
mist John Kenneth Galbraith, whe sharply differentiates between sponta-
necus economic activity (markets) and planned eConomic processes
tbig business), calculates that today roughly half of the Western econormy
has been taken over by capitalist hierarchies, The other half comprizes
the low-profit regions, which these higrarchies willingly abandon to the
rmarkeat, According to Galbraith, what gives capitalism this freedom of
mation is economy of scale, which is why since the Middle Ages commer-
cial capitalism has been associated with whaolesale and not retail, & large
firim s better able to abaork shocks and fluctuations and create the plans
and strategies that may win it a degree of Independence from market
forces, indeed tha ability fo control and manipulate those lorces to a caer-
tain degree,

Such considerations lad Braudel ta the startling conciusion that "we
should not be too quick to assume that capitalism embraces the whaole
of western saciety, that it accounts for evary stitch in the social fabric...
bhat cur societies are organized from top to bottam in & ‘capitalist sys-
bermn.” On the contrary. .. there is a dialectic still very much alive between
capitalismn on one hand, and its antithesis, the 'non-capitalizm’ of the
lewer level on the obther, ™58 And he adds that, indeed, capitelism was car-
ried upward and onward on the shoulders of small shops and “the encr-
mious crestive powers of the market, of the lower story of exchange. ...
[Thig] lowest level, not being paralvsed by the size of its plant or organi-
zation, i5 the one readiest ta adapt] it is the seedbed of inspiration,
improvisation and even innovation, although its most brifliant discoveries
sooner o later fall info the hands of the-holders of capital. It was not the
capitalists who brought about the first cotten revolution; all the new ideas
came from entarprising small businesses, 57

Thers |s a misconception, widely shared by economists and philoso-
phers on either side of the political spectrum, that capitalism developed
in several stages, being at first competitive and subservient to market
forees and only later, in the twantieth century, becoming monopolistic.
However, starting in the thirteenth century, capitalists engaged in various
noneompetitive practices, in order to create the large accumulations of
mioney that have always characterized the upper levels of the trade

&G

LR ULLERLAL RIS TOET dLir- 2000 4. 80

pyramid. s we discussad, the early medieval fairs, the meeting points
Gf rich merchants frorm all over Edrops; were ventable hierarchies of
meshwarks, inwhich the lusury and money markets dominated the
upper echelons, MNeither in the long-distance trade of prestige goods nor
in bhe worlds of precicus metals and credit did supply and demand reign
suprame. On the contrary, most fortunes in these areas were made by
the manipulation of these market forces through a varisty of noncom-
petitive practices. There was, of course, intense competition among rick
merchants and families, much as teday large corparations compete with
one ancther, but these rivalries among cligopolies are fundamentally
different from the kind of "anenymous competition” in which small pro-
durcers and traders engage,*®

From the Middle Ages to the nineteenth century, not only did individ-
ual busineszes engage In monospolistic practices, entire cities did toa,
even groups of cities, By means of noncompetitive practices, a town
could greatly aid its merchants and flnangiers, protecting them from for-
gign rivals, and stimulating the accumulation of momay within its walls.
The medieval cities that controled the Mediterranean and the Baltic and
Morth Soas financed much of their growth from manipulation of markets
and by acquiring exclusive conbrol of certain flows, such as spices and
silks from the Levant in the case of Vanice, or salt in the case of Lobeck,
With a monopoly on lexury goods, won and maintained by military force,
fourteenth-century Venice dominated the cities around it, not only the
small towns constituting its supply regions but other giant towns, such as
Flerence and Milar. In the north, between the thirteenth and filteenth
centuries, cities like Libeck and Bruges farmed a meshwork of cities known
a5 the Hangeatic League, which was capable of collective action without a
centralized organization behind it The league alse engaged in monapolis.
tic practices 1o trap the towns within its zene of economic influence ina
weh of supervision and dependence,? T

Wiz will return shortly to other forms of market manipulation which, Y {
according to Braudel, have always characterized certain commercial insti- | f'
tuticns since the Middle Ages. This will make clear how wrong it is to
assurne (as many economists to the right and center of the political spec-
trum tend to de) that market power is something that may be dismissed
or that needs to be studied only in relation fo some aberrant institutional
forms such as overt manopolies. But certein conceptions from the left
vparticularly the Marsist left) also need to be corrected, in particular, a
teleclogical conception of economic history in terms of a lresr progression
of modes of preduction. Inthis Braudel explicitly agrees with Gilles
Deleuze and Falix Guattar: capitalism could have arisen anywhera and

47 i



A

Iong befora it did in Europe.® |t emergence must be pictured as a bi-
furcation, a phase transition that might have taken place somewhere
clse Bad the conditlons been right (for instance, in the hugse camel cara-
vans along the Silk Road in the thirteenth century)® Morsover, the insti-
tutions that emerged after this bifurcation must be viewed nat as
replacing previous institutions {.e,, markets) but as fully coaxisting with
them without forming a societywide “systemn.” It Is true that prices across
Europe were puisating to the same rhothim from medieval times and this
gave the entire continent & certain economic coharence [Semelimes
referred to as a “world-economy”), but it would be a mistake to confuse
worid-eeonomies with the “capitalist syslem,” since Indla, China, and
Islarn also forrmed coherent economic areas (as poweriul as those of Eu-
rope) without giving rise to capitalism &

The conceptual confusion engendered by all the different uses of the
word “capitalism®” (as “free enterprize” or as "industrial mode of produg-
tion” or, more recently, a5 “worid-economy™) i 50 entrenchad that it
makes an objective analysis of econormic power alitrost impossible. One
could, of soursse, simply redefine the term “capitalism™ to include " power
to manipulate markets” a5 2 constitulive part of its meaning and be rid it
of some of its teleciogical connotations. But as philosophers of science
ke well, when a theory begins redefining its termis in an ad oc way 1o
fit the latest round of negative evidence, it shows by this very act that it
has reached the limits of its esafulness. 1a visw of this, it would seam
thatl the anly solution is to replace this tired word with & neclegism, per-
haps the one Braudel suggested, “antimarkets,” and to use it extlasively
to refer to & certain segment of the population of commercial and indus-
trial Institubions, &2

In addition to monooolies, the most obvious ferm of manipulaticn of
supply and demand, preindustrial antimarkels used several other mecha-
nisms to further their accumulations and increase their domination. Far
axample, gocds bought directly from a producer at a low price were often
stored in large warehouses until the market price rose to & desired level.
tarket prices scmetimes increased of their own accord, as happened
during wars, but whanever they did not the merchants who owned these
huge reservoirs coulkd artificially inflate prices, perhaps by buying certain
amaounts of a given product at a high price (or, vice versa, dellate prices
by dumping [ower-priced goods)* Long-distance trade was ancther
means to free onesell of the laws and limitations of the local market. |n
terms of volume, long-distance luxury trade was minusculs in companson
to the flows of humble goods that circulated in the medieval markets. But
what It lacked in one form of intensity it made up in another:

T T T

Long-distance trade cartainty made superprofils: it was after all based on
thie price differences hebween two markets very far apart, with supply

and demand in complete ignarance af each other and breught into contact
only by the activities of the middleman. Thers could anly have been a
competitive market if there had been plenty of separate and independent
rfddlemen. i, in the fullness of time competition did appear, 8 Supar-
profits vanished from one line, it was alweays possible to find them again
an ancther route with differant commodities. [f pepper became common-
place and declimed in value, tea, coffes, or calicoes were wailing in the
wings to take the plece of the former prima donina 5%

Such was the freedom of movement that characterized antimarkets, a
freedom made possible by extensive credit, Much as primitive or metallic
miney was a catalyst for small-scale commercial axchange, cradit was the
great accelerator for antimarket transactions, both whelesale and long-
distance trade. Credit represented one more formoof the autocatalytic or
turbalent dynamics that propelled preindustrial European cities ahsad
of their Eastern rivals, eventually enabling Evrops to dominate the rest
of the world. Credit {or, more exactly, compound interest) is an example
of explosive, self-stimulating growth: money begetting money, & diabolical
image that made many civilizations forbld usury, European merchants
gat around this prohibition through the wse of the kil of exchangs,”
eriginally a means of long-distance payment {inherited from Islam}; as it
circulated fram fair b fair its rate of return accrued usuriously (This dis-
guised form of usury was tolerated by church hierarchies due to the many
risks the circulation of bills of exchange involved.) The flow of credit =
and the institutions that grew around this flow, such as banks and stock
exchanges—was crucial for self-sustained econamic growth at the top,
and it was one more flow antimarkeat institutions monopelized early on,58

To return to Evropean urban history, the deceleration of urban expan-
sion that followed the year 1300 had a variety of effects, The birthrate
of naw towns decreased significantly, as did continuous growth across
thi full spectruit of city sizes, In the subsequent four centuries many
small fowns disappearad, and only the larger towns continded 1o grow.
Im & sense, the long depression acted as a selection pressurs, RBVoring
the large and hence increasing the proportion of command elemeants
in the mix, Simultanecusly, the first naticn-states began (o consolidate,
irn regions previously organized by Central Place hierarchies, as the
dominant cities, same of which became nationae! cagitals, began to swallow
up and discipline the towns in their orbit. The gateway cilies that made
up the Mebwork system lost some of their autonomy yet continued to
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Brow, bacoming maritise melfrapoises. Hence, while relatively few towns
wire borm in this péri-}l:l. the existing population of cities changed signifi-
cantly. The capital and the metropoliz, and the huge concentrations of
people they housed, became increasingly visible features of the Eurcpean
wrban structure,

anne Querrien hes described the characteristics typical of these two
types of large towns, while warning us that in reality a pure capital or
metropolis s rare, that more often than not we are dealing with mixtures.
A mebropolis, she zays, is like "a membrang which allows communication
batween two ar more miliews, while the capital serves as a nucleus argundg
which these milieus are rigorcusly organized.”® Metropalitan centers
exercise their influence across international boundaries, while capitals are
the guardians and protectors of these frontiers and the territories they
encompass. Hence, while the former arise by the sea, the latter are often
landlocked, bound to their hinterland. Capitals tend to place restrictions
on the flows of trade and use taxes, tolls, and tariffs ko extract energy
from theze circuits; conversely, metropolitan cities tend to free these fluxes

of all obhstacles, seeking to exploit their distant peripheries more tho rough-

by, {(We have here two different forms of power, xenophobic nationalism
varsus salt-water imperialism. ™ In the pericd of nation-state formation,
Faris, Madrid, Baghdad, and Peking were perfect examples of national
capitals, while Venice, Genoa, Ghrdova, and Canton typified the maritime
metropelis, Cities such as London ware mixtures of both types.

The emergence of powerful nation-states, and the concomitant decrease
in autonomy of the cities they absorbed (and even of the city-states that
remained independent), could have brought the different forms of self-
stimulating dynamics we have described to a halt. That this did not hap-
pen was due to yat one more form of aulocatalysis unigue to the West:
continued arms races, The historian Paul Kennedy has argued that this
type of self-stimulation depended in turn on the fast that the nations of
Europe, unlike China or Islam, were never able to form a single, homoge-
neous empire, and have remained untit teday a meshwork of hierarchies,
It was within this meshwark that advances in offensive weaponry stimu-
lated innovations in defense technology, leading to an ever-growing arma-
rment spiral:

While this apmament spiral could already b seen in the manufacture of
crossbhows and armar plate in the early fifteenth century, the principle
spread to experimentation with gunpowder weapons in the following fifty
years, It is important to racall here that when cannon were first empioyed,
there was little difference between the Wesk and Asia in their desizn and
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effectiveness. ... Yat, it seems to have been only in Europe-thet the impe-
bus existed for constant improvement: in the gunpowder grains, in casting
much smaller {yet equally powerful) cannon from bronze and tin-alloys, in
the shape and texture of the barrel and the missile, in the gun mountings
and carriagas,™

These arms races had & varisty of consequences. They affectad the
mineralization of Europe, as the new mobile siege artiliery made the sim-
phe high walls that surrounded most towns chsolete, Fortification changed
radicaily, as town walls were built lowar while becoming more elaborate,
now incorporated inte complex assemblages of ditches, ramparts, para-
pets, and covered passageways. This had Important consequences for
the cities enclosed within these fortified walls. Before 1520, when a town
outgrew its mineral membrane, the wall could be easily disassembled and
recenstructed farther away. But now, the new star-shaped systems of
defense that had replaced it were prohibitively expensive to move, so that
the towns so fortified were thereafter condemned to grow verticaily.™ On
the other hand, the new fortress designs, as weli as the artillery that had
catalyzed them into existence, began to consume a rapidly increasing
share of a town's wealth, This favored nations over city-states, since anly
thee tarmer could sustain the intensification of resource exploitation that
the new technologies demanded,

Kannedy has added his voice to the chorus of historians who, having
rejected Eurocentrism, came to realize that even as fate as 1500 China or
Islarm was much batter positioned s dominate the millennivm than Eu-
rope. {Hence, the fact that Europe managed to do this against the odds
warrants edplanation.) Many of the inventions that Evropeans used to col-
onize the world (the compass, gunpowder, paper money, the printing
press) were of Chinese origin, while Europe’s accounting techniques and
instruments of credit fwhich are often cited as examples of her unigue
"rationality’) came from Islam. Thus, nothing intrinsic to Europe deter-
mined the outcome, but rather a dynamics bearing no inherent relation-
ship to any one culture. In this, Kennedy agrees with Braudel and
MeMeill: an excess of centralized decision making in the East kept turbu-
tent dynamics under control, while thay raged unobstructed in the West,
To be sure, al several points in her history Europe could have become a
unified hierarchy, and this wauld have ground these dynamics fo-a halt.
Thiz happenad in the sixteenth century with the Hapsburg Empire, and
later on with the rise of Mapoleon and Hitler, Yet all these efforts proved
abortive, and European nations remained a mashwerk.

Perhaps the most damaging effect of centralization was that it made
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Eastern natiens too depandent on the individual skills of their elites,
Sometimes these skills were in shork supply, 25 in the Qiteman Empire
atter 1566, when it was ruled by thirteen incempetent sultans In SUcces-
siom. Because of the excess of command chement in the mix, a5 Kennedy
says, "an idict sulkan could paralyze the Ottoman Empire in & way that

a pope of Holy Raman emperar eould never do for all of Evrope.”™ Ina
similzr way, China's outlock was turmed inward by its elite at a crucial
paint in histary, when the sacret to world dominatien lay in the congquest
of the aceans, both for the profits of long-distance trade and far the fows
of energy and materials that colonization made possible.

China had an sarly lead in the pnaval race, having successtully plo-
neared expeditions to the Indian Ocean as aarly as 1405, in which her
"largest vessels probably displaced about 1,500 tons compared to the
2300 tons of Vasco da Gama's flagship ... at the end of the same century.
Everything about these expeditions eclipsed the scala of later Partu-
ELEED endeavors, More ships, Moerg gUns, mong Manpowern, mare cangao
capacity....”"7 Howaver, China's rigid elite turned back its putward-look-
ing poflcies and turned the country inward. Had China's expeditions
continued, “Chinese navigators might well have rounded Africa and dis-
covered Europe bafore Prince Hanry the Mavigater died.” 3 And Eura-
pean citles might have found themselves colonies and supply regions of
a faraway empire,

Those wera the dangers and missed opportunities that [0 much cen-
tralization brought about. Several regions of Europa {Spain, Austria,
France) rmoved in that direction, a3 their capital cities grew out of all pro-
portion, becoming large, unprodusctive canters of consurmplion and
inhibiting the growth of their patentizl urban rivals. Those naticns which
united in their central city the dual funstion of national capital and mar-
itime gateway were bettar abla to maintain their autecatalytic dynanics,
Such was the case, In the sixteenth to 2ighteenth centuries, of Britain
and the United Pravinces. Like oider cores of the Network (Venice,
Ganoa, Antwerp) London and Amsterdam wene maritirme cities, and con-
stant contact with the sea {more than any specifically English or Dutch
cultural trait) inspired and sustained their elites’ cutward orlentation.

& similar effect might have been achieved in Spain and evenin CGhina:

'Whan in 1421 the Ming rulers of China changed their capital city, leaving
Manking, and moving to Peking . . . the maszsive world-economy of China
swiung round for good, turning its back on & ferm of econemic activity based
on #asy access to sea-borne trade. & new landlocked metropodis wias now
astablished deep in the interior and Began to draw averything towards k... .
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Fhilip |l mada an equally momentous decizion in 1582, At the height of Spain’s
poditizal dominaticn of Europe, Philip 11 conquered Pertugal and slected
residenca, with his government, in Lisbon for & pariod of almost threa
yaars.... Loocking ower the ocean this was an ideal place from whare to rule
thee world. . .. 50 to keave Lisbon i 1582 meant l2aving a position from
which the empira’s antire economy could be contrelled, and impasoning
the right of Spain in Medrid, the {andloched heart of Castille —a fateful
mistake! The Invincibde Arrmada, alter years of preparation, sailed to its dis-
aster In 1583.7

Altheugh most European and non-European elites weare very aware of the
impertance of sea power and of the prafits of long-distance trada, only
canstant contact with the sea seemns to have convinced them to partake
of the aolossal benefits inkerent in the energy trapped in winds and
currents. The ooeans and the atmosphere form a nonfinear dynamical
system that contains ten times more salar energy than plants capiure
through photosynthesis, and only & tiny fraction of the potential energy
of plant life powered most of civilization's past intensifications. The enor-
mcUs reservoir of oceanic and atmospheric energy fTuels a great varlety
of seif-organized structures: tormadoes, cyclones, pressure Blecks, and,
more importantly for human history, wind circuits.

Some of these circuits, like the monsocn wind, which has powered all
sail ships in Aslan waters for centuries, gave societies a clock, a periodi-
cal riythm. The monsoon blows westward half the year and eastward
the cther half, creating a "seasonal weather system that could be com-
prehended from fand,"™ and could thus enter as a factorin the decigion-
making processes of the seafaring towns in Asia. In those urban canters
in contact with the monsoon, knowledge of its dynamical behavior accu-
mutated and skills in the art of tapping its enargy with sails developed,
Similar knowledge and skills evolved in the ports and metropalitan cen-
ters on the Mediterranean. However, these skills were Inadeguate to
rmaster the circult that would change the course of the millenrim the
gigantic "double conveyar belt” formed by the trade winds and the west-
gtlies, the wind circuit that brought Eurepeans to the New World and
back again, Harnessing the energy of this conveyor belt, which allowed
the conversion of an entire continent inte a rich supply zone to fuel
the growth of European cities, required special skills, and these had accu-
mulated by the fifteenth century in European cities facing the Atlantic,
particularly in Lisbon.

In the expanse of water between the lberian peninsula and the Canary
Islands, a small-scale replica of this double conveyar belt existed, The
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trip from Eurgpe to the islands was straightforward, but the retorn was
difficult since it-was agaihﬁt the wind. The solution was to navigate away
friom that wind —something that sailors from Mediterranean or indian
Qcean ports would never try—and look for another one which blew In the
opposite diraction. This strategy of using two differant cirouits, one to go
and one to come back, was developad by the sailors of Liskon, and called
verlta do mar, It was later adapted by a native of Genoa in his affort to dis-
cover a western routa to the Criant:

The alternating wse of the trade winds on the outward feg, thes the volta
{the crabwise slide off to the northwast) to the zane of the westerlies, and
then ko swoop home with the westerlies as the following winds , , . made
thee gambdes of Calumbus, da Gama and Mageilan asts of adventura not
acts of probable suicida. The sailers knew they could sail out on the trades
&nd back on the wasterlles. .. ILis doubbbel il the soilors of the age of
explaralion thought of the voita in any sort of formal way. [t is improbable
that thay learnad the tachnigue as a principla; they were, after all, groping
out b the sea for & favoratde wind not searching for laws of naturs, Bui
prevailing patterns of thought grew up to match the patterns of prevailing
winds, and |barian sailors used the volta as a template with which to pot
thelr courses o Agia, to the Amercas and around the world, '8

Day—tn-::l'a].r cantact with the smallk-=cale wersion of the double conveyor
balt genaratad the skills that —in combination with the growing reservoirs
of human capital in these gateway cities —allowed the mastery of the
Atlantic sea routes, As this knowledge spread to other metropolises, the
nations that would eventually emerge and dominate the next five hum
dred years would be the ones that incorporated these outward-oriented
cities and used therm as internal motors. Those nations whose capitals
werd landlocked became victims of the axtreme viscosity of land trans.
port and of the tyranny of distance and its consequent hicrarchical urban
patterns. The story was the exact opposite for gateway cities:

Although the conguerors, traders, and settlers planted the flag of their sov-
ereign, a limited number of ports actually diracted the expansion. [Gate-
wiay] cities developed tes to svarseas settlements and to one anather that
ware strenger than their Hinks with the territory @t theair back, 85 a2 group,
thiery constituted the core of & powerful trading nebtwork whose outposts
spannad the world and through which, via overseas galeways, were fun-
neked the plunder and produce of vast regions. '’
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Despite the fact that the amalysis of urban dynamics which T have
atternpted hera is merely a sketch, ignoring =0 many ather important: his-
torical factors affecting cities, it nevertheless providas certain insights
inko the role nenlinear science might play in the study of humman history,
First and foremost, nonlinear models show that without an energy low
of a certaln intensity, no system, whether natural or culbural, can gain
access o the self-organization resources constituted by endogenously
gonerated stable states (attractors) and transitions bebtween those states
(bifurcations}. Second, nonlinear models illustrate how the structures
generated by matter-energy flows, once in place, react back on those
Newes ither banhibit them or further intensify them. We have seen that
many differant types of structures can play this catalytic role: the miner-
alized infrastructure of cities themselves; the arganizations (centralized
or decentralized] that live within the mineral walls; and various ather
culteral matarials that move in and owt of cities o accumuslate in them:
skilis and knowladge, money and credit, informal rules and institutional
morms, Furthermorse, wars and antimarket rivalries betweaen cities (and,
later an, nation-states) alse had catelytic effects an all thess flows, ™=
It was precisely these catalysts acting on each other (in autocatalytic or
cross-catabylic relations), in the context of an intensified ansrgy flow, that
propelled Eurcpe ahead of its potential rivals for workd domination,

To the extent that these basic insights are correct, human culture and
soclely (considered as dynamical systems) are no different from the self-
arganized processes that inhabit the atmosphere and hydrosphere (wind
circuits, hurricanes), or, for that matter, na different from favas and mag-
mas, which as self-assembled conveyor belts drive plata tectonics and
ovar millennia have created all the geological features that have influenced
human history. From the point of view of energetic and catalytic flows,
human societies are very much like l2va flows, and human-made struc-
tures (mineralized cities and institutions) are very much like maountains
and rocks: accumulations of materials hardened and shaped by historical
processes, (There are, of course, saveral ways in which we are nof lika
lava and magma, and these differences will be discussed in the following
chapters.)

Meanwhile, this "geological” approach to human history still has some
surprisas in stare for us as we axplore the last three hundred years of the
millennium. During those centuries, the population of tawns which had
propelied Europe into her position of worldwide supremacy witnessed
dramatic changes. fust as powerful intensifications of the flows ef energy
had triggered the great acceleration of city building bebtween the vears
1030 and 1300, fossil fuels would make a new round of intensified ensrgy
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flow possible five centuries later and would dramatically alter the comipo-
sitien of this population, accelerating city births once more and giving
rise to novel forms, such as the factosy town camplelely centrolled by its
industrial hierarchies: a truly mineralized antimarket,

Sandstone and Granite

The concepts of “meshwork”
and “hierarchy” have figured
so prominently Iin our discus-
sion up to this point that it is
necessary to pause for a
moment and reflect on some
of the philosophical questions
they raise. Specifically, | have
applied these terms in such

a wide variety of contexts that
we may very well ask our-
selves whether some (or most)
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of these applications have been purely
metaphorical. There is, no doubt, some
element of metaphor in my use of the terms,
but there are, | believe, common physical
processes behind the formation of mesh-
works and hierarchies which make each dif-
ferent usage of the terms guite literal. These
common processes cannot be fully captured
through linguistic representations alone; we
need to employ something along the lines of
engineering diagrams to specify them.

A concrete example may help clarify this
crucial point. When we say (as marxists used
to say) that “class struggle is the motor of
history” we are using the word “motor” in a
purely metaphorical sense. However, when we
say that “a hurricane is a steam motor” we
are not simply making a linguistic analogy;
rather, we are saying that hurricanes embody
the same diagram used by engineers to build
steam motors—that is, we are saying that a
nurricane, like a steam engine, contains a
reservoir of heat, operates via thermal differ-
ences, and circulates energy and materials
through a (so-called) Carnot cycle.” (Of
course, we may be wrong in ascribing this dia-
gram fo a hurricane, and further empirical
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research may reveal that hurricanes in fact
operate in a different way, according to a dif-
ferent diagram.)

| wish to argue here that there are also
abstract machines (as Deleuze and Guattari
call these engineering diagrams) behind the
structure-generating processes that yield as
historical products specific meshworks and
hierarchies. Particularly instructive among
hierarchical structures are social strata
(classes, castes). The term "social stratum”
is itself clearly a metaphor, involving the
idea that, just as geclogical strata are layers
of rocky materials stacked on top of each
other, so classes and castes are layers—
some higher, some lower —of human materi-
als, Is it possible to go beyond metaphor
and show that the genesis of both geclogical
and social strata involves the same engineer-
ing diagram? Geological strata are created
by means of (at least) two distinet operations.
When one looks closely at the layers of rock
in an exposed mountainside, one is struck by
the observation that each layer contains fur-
ther layers, each composed of pebbles that
are nearly homogeneous with respect to size,
shape, and chemical composition. Since

L)



[ LAYAS AND BAGMAS |

pehbies do not comein standard sizes and shapes, some kind of sorting
mechanism must be involved here, some specific device to take a multi-
plicity of pebbles of heterogeneows qualities and distribote them inko
mare or less uniform layers,

Geologists have discovered one such mechanism: rivers acling as wveri-
table hydraulic compuders (o, at least, sorting machings), Rivers transport
rocky materials Tromy their paint of origin (an ercding mountain) to the
bottomn of the ocean, where these materials accumulate, In the course of
this process, pebbles of various size, weight, and shape react differently
to the water transporting them, Some are so small they dissolve in tha
water; some are larger and are carried in suspension; even langer stones
move by jumping back and forth from the riverbed Lo the streaming
wigter, while the largest enes are moved by traction as they rofl aleng the
bottom toward their destination, The intensity of the river flow (i.e., its
speed and other intensities, such as temperature ar clay saturation) also
determines the outcome, singe a large pebble that could only be rolled by
a modarate current may be transported in suspansion by a powerful eddy.
{Since there is feedback between pabble properties and flow properties,
as well as betwesn the river and its bed, the “sorting computar™ is clearly
a highly nenlinear dynarmical system, &

Cnce the raw materials have been sorted out inte more or less homo-
genecus groupings deposited at the bottom of the sea (that is, once they
have become sedimented), & second operation is necessary to transform
these loose collections of pebbles into a larger-scale entity; sedimentary
rack, This aperation consists in cementing the sorted components together
into a new entity with emergent properties of its own, that is, properties
such as overall strangth and permeability which cannot be ascribed to the
surm af the individual pebbkles. This secend cperation is carried out by
cartain substances dissolved in water (such as silica or hematite, in the
case of sandstanes) which penetrate the sediment through the pores
between pebbles. As this peroolating solution crystallizes, it consolidates
the pebbles” temporary spatial relations into a more or less parmanant
"“architectonic” structure.™

Thus, a double operation, & “double articulation™ transforms structuraes
on one scale into structures on another scale. In the model proposed by
Deleuze and Guattari, these two operations constitube an enginesring dia-
grarm ang soowe can expect to find isomorphic processes (that is, this
same "abstract rmachine of stratiftication™) not only in the world of gealagy
but in the arganic and human worlds as well.B For example, according to
nao-Darwinians, species form through the slow accumulation of geneatic
materials and the adaptive anatomical and behaviaral tralts that those
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genetic reaterials vield when combined with nonlinear dynamical processes
(such as the interaction of cells during the development of an embryal.
Zenes, of course, do not merely deposit at random but are sorted out by
a wvariely of selection pressures, including climate, the action of predabors
and parasites, and the effects of male or female choice during mating.
Thus, in 2 very real sense, genetic matenials “sediment” just as pebbles
dia, even if the nonlinear dynamical systerm that performs the sorting
aperation 1s completely different in detail. Furthermore, these loose Gol-
lections of genes can (ke aoccumulated send) be lost under drastically
changed conditions {Such as the onset of an ice agey unless they consoli-
date, This second cperation is performed by "reproductive isolation™:
when & given subset of a population becomes mechanically or genetically
incapable of mating with the rest, Reproductive isolation acts as a “ratchet
mechanism'™ that conserves the accumulated adaptation and makes it
impossible for a given population to “de-svolve” all the way back to uni-
czliular organisme. Through selective accumulation and isolative consoli-
dation, individual animals and plants come to form a larger-scale antity:

a new species,.

‘We also find these bwo operations (and hence, this abstract diagram)
inn the formation of social classes. We tall of "social strata” whenever a
given sociely presents a variety of differentiated roles to which individuals
are denied egual actess, and when a subset of those roles {to which a
ruling elite alone has access) involves the control of key energy and mate-
riztl resources, While role differentlation may be & spontanecus ¢ifect of
an intensification in the flow of energy through society (e.g., when a Big
Man in prestate societies acts as an indensifier of agricultural produc-
fion®, the sorling of those roles into ranks on a scale of prestige invelves
specific group dynamics. In one model, tor instance, members of a group
who have acquired preferential accass to some roles begin to acquire the
power to conbrol further access to them, and within these dominant groups
criteria for sorting the rest of sociely inte subgroups begin to crystallize.

Even though most cultures develop some rankings of this type, not in
all societies da these ranklngs become an awvtoromous dimensien of s0ckal
arganization. In many societies differentiation of the elites is not axtensive
{they do not form a center while the rest of the population forms an ex-
cluded pariphary), surpluses do not accumulate (they may, for instance,
ke destroyved in ritual feasts), and primordial relations (of kin and local
alliances) tend to prevail. Hence, for social classes or castes to become a
separate entity, # second operation is necessary bayond the mere sorting
of people into ranks: the informal serting criteria need to be given & Lhed-
legical interpretation and a legal definition, and the efites need to become
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the guardlans and bearers of the newly institutionalized tradition, that la,
the legitimizers of change and delineators of the limits of innevation, In
short, to transform a loose ranked accumulation of traditional roles (and
criteria of accass to those roles) into & social class, the lather needs 1o
become consalidated via theological and legal codification,

Mo doubt, this characterization of the process through which social strata
ermerge is somewhatl simplified; aven geclogical strata are maore campli-
cated than this. (For example, they grow not only through sedimentation
but alse through accretion and encroachment. Species and social classes
may also invalve these mechanismes} But | will retain here the simplified
diagram for its heuristic value: sedimentary rocks, species, and social
classes {and other inatifutionalized hierarchies) are all historical construe-
tions, the product of definite structure-generating processes that take as
their starting point a heterogeneous collection of raw materiats (pebbles,
genes, roles), hemogenize them through a sorting operation, and then
congsolidate the resulting uniferm groupings into a more permanent state.
The hierarchias to which | have referred throughout this chapter are a
special case of a more general class of structures, stratified systems, to
which not only human bureavcracies and biclogical species belong, but
#lso sedimentary rocks. {&nd all this withaut metaphor,)

What about meshworks? Deleuze and Guattari offer a hypothetical
diagram for Ehis type of structure, too, but its alements are not as straight-
forward as those involved in the formation of strata. Perhaps the most:
studied type of meshwork is the “autocatalytic loop,™ a closed chain of
chemical processes, which must be distinguished from the simple salf-
stimidating dynamics te which | referred many times in my description of
turbulent urban growth. Unlike simple autocatalysis, a closed leop displays
not anly self-stimulztion but alzo selfmaintenance; that is, it links a series
of mutuaily stimulating pairs into a structure that reproduces as a whole,

The physical basis for either simple or complex self-stimulation are cat-
alysts, that is, chemical subslances capable of "recognizing” a more or
less specific material and altering that material's molecular state so that
it now reacts with certain substances with which it would not rormally
react. This act of recognition is not, of course, a cognitive act but cne
effected through a lock-and-key mechanism: a portion of the catalytic
molecule fits or meshes with a portion of the target molecule, changing
its internal structure so that it becormes more or less receptive to yet
another substance. In this way, the catalyst provokes & meeting of twi
substances, facilitating (or inhibiting) thelr reaction and, therefore, the
accumulation {or decurnulation) of the products of that reaction. Under
spedial conditions, a set of these processes may form a closed laop,

62

BANDSETONE AND GRANITE

where the product that accumulates doe to the acceleration of one reac-
tion serves as the catalyst for vel anather reaction, whichin turn genar-
ates a product that catalyzes the first one, Hence, the loop becomes
seli-sustaining for as leng as its environment contains enough raw mate-
rials far the chenvical reactions to proceed,

Humberte Maturana and Francisco Varela, pioneers in the study of
autocatabytic loops, distinguish bwo general characteristics of these
closed circuits: they are dynamical systems that endogencusly generate
their own stabde stales (called "attractors” or "eigenstates"), and they
grow and evolve by drift.?” The first characteristic may be abserved in
certain chemical reactions involving autocatalysis (as well as cross-cata-
Iysis) which function as veritable "chemical clocks,'” that is, the acou-
rulatiens of materials from the reactions alternate at perfechy regular
intervals. If we imagine each of the two substances invalved as kaving
& definite color (say, red and blue), their combination would not resuft
i a purple liquid Cas we would expect from milllons of moalecules com-
bining at random) but in a rhythmic reaction with states in which mostly
blue mofeciles accurmulate followed by states in which mostly red male-
cules are produced. This rhythmic behavior is not imposed on the sys-
tem from the outside but generated spontaneodsly fram within {via an
attractor).s8

The second characteristic mentioned by Maturana and Varela, growth
by drift, may be explained as follows: in the simplest autocatalytic leops
there are onky twa reactions, each producing a catalyst for the other.
Bul onee bhis basic two-node network establishes itself, new nodes may
insart themselves inte the mesh as long as they do not jeopardize its
Intermal consistency, Thus, & new chemical reaction may appear {using
previously neglected raw materials or even waske products from the origi-
nal loop) that catalyzes one of the anginal reactions and is catalvzed by
the other, so that the loop now becomes a three-node network. The
rresbwork has now grown, but in a direction that is, for all practical pur-
poses, "unplanned.” & new node (which just happens to satisty some
internal congistency requirements) is added and the loop complexifies,
vk precisely betause the only constraints were internal, the complexifica-
tion does not take place n order for the loop as & whale to meet some
external demand (such as adapling to a specific situation). The surround-
ing environment, as source of rew materials, certainly constralns the
growth of the meashwork, but more in a proscriptive way (what not to do)
thary in a prascriptive one (what to do)

The question now is whether we can derive from ampirical studles of
meshwork behavior a structurg-generating process that is abstract
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enough to oparata in the worlds of geclogy, biclogy, and human society
In tha model proposed by Delewuze and Guattarl, there are three ele.
ments in this diagram. First, a set of heterogeneous elements is brought
together via an articulation of superpositions, that is, an interconnection of
diversa but everlapping elements. (In the case of autocatalytic loops, the
nizdes in the circuit are jeined to each other by their funchome comple-
mrantarities.y Sacond, a special class of operators, or intercalary alemanis,
is needed to effect these interconnections. (o our case, this is the role
played by catalysts, which insert themselves between two other chemical
substances to facilitate their interaction.) Finally, the interlocked hetero-
geneities must be capable of endogenously generating stable patterns of
behavior (for example, patterns at regular temporal or spatial intervals), ™
Is it possible to find instances of these three elameants in geological, bio-
loglcal, and soclal structures?

Igneaus rocks {such as granite) are formed in a process radically difs
ferent from sedimentation. Grarite forms directly out of cooling magma,
a viscous uid composed of a8 diversity of mokten matenals, Each of these
higuid components has a different threshold of crystallization; that is,
each undergoes the bifurcation toward its salid state at a differant critical
podnt in temperature, &5 the magma coals down, its different elements
saparate as they crystallize in sequence, and those that salidify earlier
serve as containers for those that acquire a crystal form later. The result
is & complex set of heterogenecus crystals that interlpck with one another,
and this is what gives granite its supericr strength,®

The second element in the diagram, intarcalary operators, includes,
in addition to catalvtic substances, anything that brings about local artic-
ulations from within —"densifications, intensifications, reinforcements,
injecticns, showerings, like so many intercalary events."*2 The reactions
between liguld magma and the walls of an already crystallized compo-
ngnt, nucleation evants within the liguid which initiate the next crystalliza-
fion, and even certain “defects” inside the crystals {called "dislocations')
which promote growth from withing are all examples of intercalary 2le-
raeats, Finally, some chemical reactions within the magma may also gen-
arate emdogsnous stable states. When a reaction like the cne invalved in
chemical clocks 15 not stirred, the temporal intervals generated become
spatial intervals, forming beautiful spiral and consentric-circle patterns
that can be observed in frozen formn in some ignecus rocks.53

Thus, granite (as much as a fully formed autocatalytic loop) is an
instance of a meshwork, or, in the terms used by Deleuze and Guattari, a
salf-consistent aggregate. Unlike Maturane and Varela, who hold that the
guality of self-consistency exists enly in the bickogical and linguistic worlds,
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Celeuze and Guattar argue thet “consistency; far from being restricted
to comiplex lite forms, fully pertains even to the most elementary atoms
and particles.® Therefore we may say that much as hierarchies (organic
ar social) are apaclal cases of a more abstract class, strata, so autccat-
alytic loops are special cases of seif-consistent aggregates. And much as
strata are defined as an articulation of hemogengous elements, which
neither excludes nor requires the specific features of hierarchies (such as
having a chain of command), so seif-consistent aggregates are defined
by their articulation of heterogensous elements, which neither excludes
nor raquires the specific features of autocatalybic [eops (such as growth
by drift or internal autonomy). Let’s now give some biolegical and cul-
tural examples of the way in which the diverse may be articulated as such
via self-consistency.

A species (or more precisely, the gene pool of a species) is a prima
example of an organic stratified structure, Similarly, an ecosystem repre-
sents the biological realization of a self-consistent aggregate. While a
species may be & very homogeneous structure (especially if selechion
pressures have driven many genes to fixation), an ecosystem links
togather a wide variety of heterogeneows elements (animals and plants
af different species), which are articulated through intartock, that is, by
their funclional complementarities, Given that the main feature of an
ecasystern is the circulation of energy and matier in the form of food,
the complamentarities in guastion are alimentary: préay-prédator or para-
site-host are two of the most common functional couplings in food wabs,
Svmbiatic refations can act as intercalary elements, aiding the process of
buliding food webs (an obvious example: the bacteria that liva in the
puts of many animals, which allows these animals to digest their food}. %5
Since food webs also produse endogenously generated stable states,
all three components of the abstract diagram would seem o be realized
in this example. %

We have already observed several examples of cultural meshworks
which also fit gour description of self-consistent aggregabes, The simplest
case is that of amall-town markets. In many culturas, weekly markets
have bean the traditional meeting place for people with hetercgenaous
nezds, Matching, or interlocking, people with complementary needs and
demands is an operation that is perfermad automatically by the price
mechanism. (Prices transmit infarmation about the relative monetary
value of different products and create incentives 1o buy and sell} As
Herbert Simen abserves, this interlocking of producers and consumears
could in principle be performed by 2 higrarchy, but markets "avoid
placing on & central planning mechanizm a burden of caléulation Lhat
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such a mechanism, howeaver well buttressed by the largest campubers,
could not sustain, [Markets] conserve information and calculation by
riaking it possible o assign decisions to the actors who are most likely
bo possess the information {most of it local in origind that is relevant to
thase decisiong. ™87

Of course, for this machanism to werk prices must sef themselves, and
therefore we must imagine that there is not 2 wholesalar in town whe can
rmanipulate prices by dumping large amounts of a given product into the
rrarket (or by hoarding) In the absence of price manipulaticn, money
{even primitive forme of money, such as =alt, shells, or cigarsttes) functions
as an intercalary element: with pure barter, the possibility of two exactly
mratching dermands meeting by chance is very low; with meney, those
chance emcounters become unnecessary and complamentany demands may
find each other &t a distance, 30 to speak. Other intercalary elements
are also needed ta make markets work, As we have repeatadly noted, not
just material and enargetic resources change hands in a market, property
rights {the legal rights to use those resources) do too, Hence we bypicaliy
da net have W@ model simple szchanges but more complex transactions
that invalve a host of other costs, such as thase involved in enforcing
agreemeants. |f these transaction costs are tog high, the gaing from trade
may evaparats, Insmall-town rmarkets, informal constraints (such as codes
of behavior enforced through peer pressure in dense social networks)
are alse needed to reduce transaction costs and allow the interlocking of
complementary demands to take place™ Finally, markets also seem to
generate endogenous stable stabes, particularly when commercial towns
form trading circuits, as can be s=en in the cyclical behavior of thelr prices,
and this provides us with the third element of the diagram.

Thus, much as sedimantary rocks, biclogical species, and social hier-
archias are all stratified systems {that |z, they are each the historical
product of & process of double articulation), so igneous rocks, eoosys-
terns, and markets are self-consistant aggregates, the resalt of the conm-
ing together and interlocking of heterogenecus elements, And just as the
diagram defining the “stratifying abstract machine" may turn cut to
redquire morg complésity than our basic disgram of a double arficulation,
soowe may one day discover (empirically or through theorizing and com-
puter simulations) that the dizgram for the meshweork-producing process
invalves more than the three elemants outlined above. Moreover, in
raality wea will always find mixtures of markets and hierarchles, of strata
ang self-consistent apgregates, As Simon says, it may seam prima facie
correct to =ay that
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whereas markets figure most prominently in coordinating ecoromic activi-
tles in capitalist countries, higrarchic organizations play the largest rola in
socialist countries. But that is too simple a farmuia to describe the realities
which alweys exhibit a Bend of alf the mechanisms of coordination. The
eeanomdc units in capitalist societies are mosthy business firms, which are
themselvas higrarchic organizations, same of enormous size, that make
anlby @ madest wse of markels in their internal functioning, Conversely
socialist states use market prices to a growing extent to supplamant hierar-
chic control in achieving inter-industry coordination.#2

Thera Iz one final aspect of meshwork dynamics | must examine be-
fare returning b our sdpleration of the “geological™ history of human
sociaties. We may wonder why, given the ubiguity of self-consistent aggre-
gates, it seems s0 hard 10 think about the structures that populate the
wirrld in any but hierarchical térms. One possible answer is that stratified
structures involve the simplest form of causs! relations, simple arrows
going from cause to effect, ™ According o Magorch Maruyana, a picneer
in the study of feedback, Western thought haz bean dominated by notions
of linear {nonraciprocal) causality for teenty-five hundred years, It was
not until Workd War [1 that the work of Morman Wiener {and engineers
invelend in developing radar systams) gave rise to the study of negative
feedback and with it the beginning of nenlinear thinking.

The classic example of negative feedback is the tharmostat, & thermo-
stal eongists of at least beo elemants: a sensor, which detacts changes
in ambiant tamperature, and, an effector, & device capable of changing
the amblent temperature, The bvo elements are coupled in such a way
that whenever the senscr detects a change bayond a certain threshold it
causas the affectar to modify the surrounding temperature in the cppo-
site direction. The cause-and-effect relation, howevear, 15 not linear {from
sensor to effector) since the moment the effector causes a change in the
surrcunding temperaturs it thereby afiects the subsequent behavior of
the sensor. In short, the causal relation does not Torm a straight arrow but
folds back o itsell, forming & clogsed loop, The averall result of this circu-
lar causality is that ambient temperature is maintained at a given level.

Maruyana cpposes negative feedback with “positive feedback™ (a form
af nonlinear causality that we have alfeady encountered in the form
of autocatalysis). While the first type of reciprocal causality was incorpo-
rabed into Western thought in the 19505, the second bype had to wait
another dacade for researchers like Stanislavy am, Heinz Yon Foerster,
and Maruyana himself to formalize and develop the concept. '™ The tur-
bulent dynarmics behind an explosion are the clearest example of a Sys-
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termn governed by positive feedbach. In this case the causal loop i= estab-
lished baetween the explosive substance and its temperature. The velocity
of an explosion is offen determined by the intensity of its temperatura
(the hotter the faster), bul hecause the explosion itself generates keat,
the process Iz self-accelerating, Unlike the thermostat, where the arrange-
ment helps to keep temperature under contrel, here positive feedback
forces temperature o go out of control. Perhaps because positive feed-
back is sean as a destabilizing force many observers have tended to
undervalue it refative to negative feedback, {In the so-called Gaia hypoth-
esig, lor instance, wheare stabilizing negative feedback is postulated to
exizt betwaen living creatures and their envirgnment, positive feedback is
sometimes referred to pejoratively as “anti-Gaian, 12

Maruyana sees the guestion in different terms. Far-him the grincipal
characteristic of negative feedback is its homagenizing effect: any devia-
tion from the femperatiire thrashald ot which the thermestat is set is
eliminated by the loop. Negalive feadback is "deviation-counteracting,”
Fositive feedback, an the other hand, tends to increase heterogeneity by
being “deviation-amplifying™: two explosicns set off under slightly differ-
ent conditions will arrive at very different end states, as the small original
differences are amplified by the loop into large discrepancies, ™ Wa have
already observed the many reles that pesitive feedback has played in the
turbulent history of Wastern towns. However, it is important to distinguish
between simple autocatalytic dynamics and complex autccatalvtic loops,
which invelve not anly self-stimulation but self-maintenance (thatis, posi-
tive feedback and closure).

Ancther way of stating this distinction is 1o say that the increase in
diversity that mutwally stimulating loops bring about will be short-lived un-
less the heterogeneous elements are interwoven together, that i3, unless
they come to form a meshwork. As Maruvana writes, "There are two ways
that heterogeneity may proceed; through localization and through inter-
wegving, Inlocalization the heterogeneity betwean localities increases, while
each locality may remain or become homogenous. In interweaving, het-
erogenaity in each locality increases, while the difference between localities
decreases," "™ In other words, the danger with positive fesdback is that
the mers production of heterogeneity may result in isolationism (a high
diversity of small cligues, each internally homogeneous). Hence the need
for intercalary elements to aid in articulating this diversity without homog:
enization {what Maruyana calls "symbictization of cultural heterogansity™.

Megative feedback, as a system of centrol and reduction of deviation,
may be appdied Lo burnan hierarchies. Decision making in stratified social
structures does not always proceed via goal-directed analytic planning but
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often incarpoerates automatic mechanlsms of contral similar te a thermo-
stat (or any other device capable of generating homeocstasis). 0 On the
ather hand, social meshwarks {such as the symbiotic nets of producers
whom Jacobs describes as engaged in volatile trade) may be modeled an
positive-fecdback loops as kang as our model alsa incorporates a means
for the rezulting heterogeneity to be intarwoven. Maraover, spacific insti-
tubions will likely be midures of both types of reciprocal causality, and the
mixtures will change over fime, allowing negative or positive feedback to
dorminate at a given morment, "™ The question of mixtures should Be also
kept in mind whean we judge the relative ethical value of these two types of
structure. If this bock displays a clear bizs against large, centralized hier-
archies, it is only becagsae the last three hundred years have witnessed
an excassive accumulation of stratified systems at the expense of mesh-
works, The depree of homageneity in the world has greatly increased, whils
heterageneity has come to be sean as almost pathological, or at least as
a problem that must be eliminated. Under the circumstances, a call for
a mare decentralized way of organizing human societies seems to recam-
rmerd ifself,

However, it is crucial to aveid the facile conclusion that mashworks
are ntringically hetter than hierarchies {in some transcendental sense),
It is brue that some of the characteristics of meshworks (particularly their
resilience and adaptability) make them desirable, but that is egqually true
of certain characteristics of hierarchies (for example, their goal-directed-
ness). Therefore, it is crucial bo avoid the templation of cooking up a
narrative of human history in which meshworks appear as harpas and
hierarchies as villains. Mot only do meshworks have dynamical properties
that do not necessanly benefit Burmanity (hor example, they grow and
develop by drift, and that drift need not follow a direction consistent with
a society's values), but they may contain heterogensous components
that are themsalves ingonsistent with o stlﬂi-t‘:l}f'ﬁ values (lor example, cer-
tain meshworks of hierarchies). Assuming that humanity could one day
agree on a set of values (or rather on a way of meshing a heterogeneaus
collection of partially divergent values), further ethical [udgments coulel
be made about spacific mixturas of centralized and decentralized caormpa-
nents in specific contexts, but never about the two pure cases in isclation.

The combinatorial possibilities —the number of possible hybrids of
mashworks and hiararchies—are immenss {in a precise bechnical sense), W
and $0 an expenmeantal and empivical attitude toward the problem would
seam fo ba called for. 1t is surely impossible te determine puraly theorel-
cally the relative merits of these diverse combinations. Rather, in our
search for viable hybricds we must look for insplration in as many domains
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as possible. Here, we have lncked to a realm that would normally seam
out of bounds: the minsral world. But in a nenfingar world in which the
sama basic processes of self-organization take place in the mineral,
organic, and cultural spheres, perhaps rocks held some of the keys to
understanding sedimentary humanity, igneous humanity, and all their
mixtures.
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Geological History:
1700-2000 A.D.

Prior to the eighteenth cen-
tury all the energetic intensi-
fications that humanity had
undertaken were relatively
short-lived. The intensified
exploitations of agricultural
resources which had sustained
wave after wave of ancient
urbanization were typically
followed by soil depletion or
erosion, bringing human
expansion to a halt. Even
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the mare recent acceleration of city building
in Europe at the turn of the millennium,
which added commercial and proto-industrial
positive feedback to the process, was fol-
lowed by a long depression. The first intensi-
fication to escape this cyclical destiny, begin-
ning roughly in the year 1700, was based on
the burning of energy-rich ore. Coal is the
product of one of several types of mineraliza-
tion that organic matter can undergo. When
the corpses of plants and animals accumu-
late under water in the absence of oxygen,
the microorganisms that would normally rem-
ineralize them and recycle them in the
ecosystem cannot operate; hence these
deposits do not rot. Instead, they are com-
pressed, carbon-enriched, and eventually pet-
rified. Although several ancient societies had
made use of these rocks, England was the
first civilization to submit coal deposits to
intense exploitation, creating the principal
flow of nonhuman energy with which to fuel
its industrial revolution.

This new intensification had dramatic con-
sequences for the population of towns and
cities of Europe, as well as for the institutions
that inhabited them. Here we will examine
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several of these consequences, taking advan-
tage of the novel insights on the origins and
dynamics of the Industrial Revolution prof-
fered by historians and theorists who have
applied to their subject concepts borrowed
from nonlinear science. In particular, here the
rise of the “industrial age” will not be viewed
as the result of human society having reached
a new “stage of development” (a new mode
of production) or of its having climbed further
up the ladder of progress, but, rather, as the
crossing of a bifurcation where previous auto-
catalytic dynamics (subject to negative feed-
back) came to form a self-sustaining autocat-
alytic loop.

Maoreover, technology won't be viewed as
evolving in a straight line, as if the advent
of steam power and factory production were
the inevitable outcome of the evolution of
machines. On the contrary, mass production
technigues in all their forms were only one
alternative among several, and the fact that
they came to dominate the development of
new machinery is itself in need of explana-
tion. Qur investigation of the intensifications
that fossil fuels made possible begins with
steam power and moves on 1o electricity,
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which formed the bBasis far a second industrial ravaluticn in oUr eavn cens
tury: Both coal and steam, and later oil and electricity, greatly affected
the further development of Western towns, and, 8% usual, once the min-
eralized infrastructure of those towns, and the institutions within them,
had registerad the eliects of these intensifications, they reacted back on
the enaergy flows to constrain them, aither inhibiting them er further
intensifying them.

Although Europe underwent a long period of relatively slow econemic
growth after 1300, the population of European towns nonetheless under-
went significant change. The long depression had acted like a “sorting
device," eliminating many towns on the lower ranks of Central Place hier-
archies and concentrating growth at the top. Conseguantly, the command
elerment in the mix had increased {as had its degree of homogenization,
due to the absorption of citles and their regions into nation-states), The
relatively few new Evropean cities that were born betwaen 1200 and
1800 were planned cities {usually port cities created by central govern-
rmemts in arder B enter the great maritinme racesy, For example, between
IGE0 and 1715, the Franch hierarchies under Louis X[V created a strate-
gic netwark of commercial and military port cities — Brest, Larent, Rache-
fort, and S&te—each one planned “to play a specific rale in the
government’s politico-military strategy for sea-powar."™108

By contrast, in the 1800s the Intense circulation of coal energy gave
rise to a far greater number of new (mining and factory) fowns, most of
which grew spontanecusiy, not to say chaotically. This was the case, for
example, in the Ruhr region, which would tater becomes the center of Ger-
man heavy industry, and In Lancashire, the heart of industrial Britain, In
these bwo regions, and others, mills, mining centars, and metaliurgical
complexes mushroomed everywhere, unregulated and having ne system-
atic relations with one another, Some clder cities, such as Liverpool and
Manchester, grew enormously (one becoming the gateway, the othar the
capital of the region), while a multitude of new towns sprang up around
them: Bolton, Bury, Stockport, Preston, Blackburn, Burnbey. As these
coal-fueled towns devoured the countryside and graw into each other.
they formed huge conurbations: axtremely dense but weakly centralized
urban regions produced by accelerated industrialization, In the words of
Hohenberg and Lees:

The beat examples of the transforming pewer of rapid industrial growth are
fo be found in the goal-mining regiens, There the explosive concentrated
effects of - . . modern econcmbc change can be seen in pure form, Since
coal was needed to run the engines and smelt the ores, factories and fur-
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ratcds tended to locate vary near coal supplies or in places where thay
hard gocd-access to transportation, As demand skyrocketed, mining argas
withs their expanding number of pits, workshops and new lirms attracted
o weorkers. oL Both high fertifity and migeation Bbred an extrame dengity
of settlemant, which scon surpassed anything that the proto-industrial
ara had kndwn, These coal basins grew by a kind of regional implosien,
wheraby a rural miliow srystallized into a densely urban one. 1™

These new towns would soon be inhabibed by an industry that was un-
doubtedly more complex than anything humanity had seen before. And
vet, as Hohenberg and Lees remind us, it was not as if seciety &5 a whole
fad reached & new stage and every region rnow moved in lockstep toward
this type of industrialization. Mot onby were there regions that industrialized
in a differant way, but still athers underwent radical deindustrialization.
Industrial develepment is like biclogical evolution, which not only lacks
any progressive direction, it does not even have a consistent drive boward
complexification: while some species complexify, others simplify. 1=

in both ceses, a variety of processes rasult in accumulations of com-
plexity in some areas, deaccumulations in others, and the coexistence of
different types of accumulated complexity, The large-scale, concentrated
industry of coal-fusled towns represented anly one possible direction far
the camplexification of technology. Areas that industrialized more skowly
and maintained their ties o traditional craft skills developed methods
of production that were scatterad and small in scale but highly sophisti-
cated, with a complex division of labar and a high degrae of market in-
volvermant. "Whether one looks at Swiss cottons and watches, at textiles
in Pledmant and the Vosges, or at metalwares in central Germany the pic-
kure i the same: upland valleys fashioning an enduring industrial posi-
tion without evar turning their backs on the proto-industrial haritage™

Thus, there were at least two stable trajectories for the evolution of
industry, proceeding at different speeds and intensities: large-scale,
anergy-intansive industry and small-scale, skill-intensive industry, White
the former gave rise to functionally hemogeneous towns, In many cases
contreled by their industrial higrarchies (the factory town), the latter
was housad in small settlerments, with 2 more heterogenecus set of eca-
nomic fungtions and less concentrated cantrol, Antimarket institutions
took aver anly one type of industry, that which, like themselves, was based
an economies of scala,

Besides differing in the proportion of meshwork and hierarchy in their
mixes, these towns also varied In terms of the form of their expansion.
The rapid, violent growth of coal-fueled cities, which expanded into the
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countryside with total disregard for previcus lend-use patterns, contrasts
with the way in which the amall bewns that housed decentralized indus-
tries meshed with their rural serroundings. " Although all towns tend to
deminate their countrysides, industrial towns intensified this exploitation.
As the biogeographer lan G, Simmons has noted, urban economies based
on coal had a host of hidden costs —from the vast armounts of diverted
water they used to the depressions, cracks, and sinkholes that continued
te form leng after mining had stopped —and the surrounding rural areas
bore the brunt of those ecological costs, 23

Simmens views citias as veritable transformers of matter and energy:
to sustain the expansion of their excskeleton, they extract from Ehair sur-
roundings sanc, gravel, stene, and brick, as wel as the Tugl needed to
convert these into buildings. He notes that, like any systermn capabie of salf.
organization. cities are open (or dissipativa) systams, with matter-energy
flowing in and out confinuously. And this is all the more brue for nineteenth-
century industrial towns. Besides the raw materials needed to malntain
their mineralization, these towns needed to input flows of ren ores, lime-
stona, water, human labor, and coal, as well as to output other flows {salid
wasie, sewage, manufactured goods), Rural areas absorbed some of the
nokious outputs, while the Inpuls began to come from farther and farther
away, particularly as groups of coal fowns coalesced into conurbations.
These links to faraway supply regions, plus the lack of systematic relations
oetween services and size of settlements, placed these tawns within the
Metwiork system rather than within the Central Place hierarchias, Bt

What made these urban centers special, however, was not so much the
matter-energy flows that fraversed them, but the way in which those
flows became amglified. Henoe, angues Simmons, while coal used foriran
smelting was exploited with increasing intensity since 1709, it was not
until the nineteanth cantury, when the steam engine had matured, that
industrial takeoff ecocurred: “A small amount of coal invested in such an
engine was the catalyst for the production of energy and materials on
an ever larger scale.” 9% In all dissipative systems, energy must be put in
Defore any surpluses can be taken out. Even though an industrial town
had to invest mors energy than previous urban centérs, it extractad
greater surpluses per unit of energy, Basically, it used certain flows of
energy to amplify other fows,

Furthermore, these positive-feedback links between flows bagan to
form closed circuits: antimarket money flowed into mining regions and
intensified coal extraction and iren production, which triggered a flow of
mechanical energy (steam), which in turn triggered a flow of cotton ex-
tites, which created the flow of profits that financed further experimenta-
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tion with coal, iren, and steam technology. These loops of trigeers ancd
ftows were behind the explosive urban growth in England between 1750
and 1850, &3 Richard Mewbold Adams puts it, "Great Britain in this era
was a great expanding dissipative structure, consuming increasing
amounts of energy." 1 And precizely these autocatalytic loops were what
kept this self-arganized structure going:

& trigger of one energy lornm sats ofl a llow in ancther which, in turm, trig-
gers a release of & flow in the first; the insertion of more parfies creates 2
chain of triggar-flow intaractions that may go in series, in parallal or both. ...
The trigger-flaw interactions specilically create an interdepandant repro-
duction among the participating dissipative structures. It inlerlocks a series
of separataly reproductive systemns into a single, intaractive reproductive
gyatem, W7

These mashwarks of mutually supporbing innovations (coal-iren-steam-
cotton) are well known te historians of technology. 29 They existed long
belare the ninsteanth century {e.g., the interlocking web formed by the
horsashoe, the horse harness, and triennial rotation which was behind
the agricultural intensification at the turn of the millennivm), and they
accurred afterward, as in the meshwork of obl, electricity, steel, and =yn-
thatic matarials that contributed to the second industrial fevoiution,
Monetheless, as important as they were, autocatalytic loops of technalo-
pres were not complex enough te create a seif-sustained industrial take-
off. Before the 1B00s, as we noted, these imtensifications often led to
depletions of resources and diminishing returns. Megative feedback even-
tually checked the turbulent growth generated by positive feedbach.

Braudal uses two examples of early encounters bebween antimarkets
and industrial technology to make this point. In some Halian Sities {e.g.,
Milan) and some German citles (e.g., Libeck and Cologne), explosive
growth ocourred as early as the fifteenth century, The German mining
industry in the 1470s "stimulated a whole serigs of innovations .. . a5 well
a% the creation of machinery, on a gigantic scale for the time, to pump
put water from the mines and to bring up the ore." 42 Mikan, on the other
hand, witnessed an extracrdinary increase in textile manufacturing, wsth
sophisticated “hydravlic machines ., _to throw, spin and mill silk, with
sevaral mechanical processes and rows of spindles all turned by 2 single
water-wheel," 120 Although simple mutually stimulating links had deval-
oped in these cities, between mining 2nd large-scale credit, or betwaen
textile profits and commercialized agriculture, both intensifications came
to a halt in a few decades.
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England hersslf attempted an sarly takecdt between 1560 and TE40,
at = tima when, comparatively speaking, she was a rather baclkward
industrial natien. To catch up, the British waged a campaign of industrial
espicnage in ltaly and imported German, Dutceh, and Ralian craftsman,
to effect & transfer of know-how and manufacturing technigues o their
island. " Once a skifl reserveir had been formed at home, British anti-
markets gave industry a much increased scale and levels of capital Invest-
ment reached new paaks of intensity. SHill, self-sustained growth did not
oocur, One possible explanation is that autocatalytic leops need to achiave
a threshold of complexity before they acquire the resilience and wversatility
needed o overcome diminishing returns, Hence, what made ninetesnth-
century England a special place was the formation of a more complex,
seplf-maintaining circuit of triggers and flows which included & number of
other catalytic elements in addition to technelogy and big business; a
natienal market, a stable bank and credit system, extensive long-distance
trading networks, a growing agricultural sector to feed the expanding
population, and, of course, the populatian itself, which provided raw iabor
and skillg,

The naw intensification in agriculture, which was bazed on simple posi-
tive feadback (between cattie raising and the crops their manure helped
fertilize) but which Incréased in scale due to antimarket investment,
played several roles in the industrial takectf. On the ane hand, it served
for a long time as the principal consumer of metal tools and hence cat-
alyzed, and was catalyvzed by, the iromindustry, On the other hand, the
new agricultural system (which is examined in more detail in the next
chapter) favorad different types of soils than those used by the previows
agricultural regime, and so created a large pool of unemploved farm
workers, who would provide the muscular energy for the new factories. 122
Hence, agricultural regions received inputs {iron) from, and praoviced
inputs (labor, food) to, the factory towns, and in this sense agriculture
wag an important node in the autocatakytic Ioop. The flow of labor that
this node supplied, howawver, was to ba used mostly as raw muscular
energy. Skilled labor was also needed, and reservoirs of this had begun
forming in the early 1700s, Indeed, the first steam engine, a watar pump
in & coal mine in operation by 1712, had bean the product of such skilled
know-how. Although its inventor, Thomas Newcomen, may have been
familiar with the basic principles of steam and the vacuum, as embodied
in contemporary scientific apparatuses, he put together the first engine
uzing mostly informal knowledge. ¥ Much the same can be said for the
other innovations of the eighteenth ceantury:
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Im erecting @ maching . .. net enly visval [a.g.. snginesring diagram:s] but
tactile and muscular knowledge are ingorporated into the machine by the
machanics-and othars who wse tools and skills and judesment to give life 1o
the visions of the angineers. Those workers—machinists, millwrights, car
penters, welders, tinamiths, electrictans, riggers, and all the rast—=supply
all made things with & crucial companent that the englneer can nevar fully
specify., Their work involves the laying on of knowing hands. ., The histori-
cal significansa of workers' Knewledge had hardiy been noticed wntil the
British aconarmic histeran John B Harrs cennected i1t to tha tachnological
lead that Great Britain held over the Continent during the Industral Revao-
fution. Inthe seventeenth cantury, Britain had converted o coal as an
industrial fuel [and this invalved many changes.l. .. The list of changes of
technigues and apparabus is very long, but thess changes are unappreacl-
ated because many (probably most) of them were made by [senior Skilled)
workers .., rather than by owners or the suparvisors of the works. By 1710
.cworkers’ growing knowledge of the techaigues of ooal fuel technelogy
had already glven Britain a commsanding industrial lead over France and
ather Continental countried 126 |/
7 .
ﬂr These reservoirs of skilled labor were important inputs o the factary I|
towns and hence key nodes in the loop. Skills and know-how provided
what cne rmight call "catalytic information,” that is, information capable
of bringing together and amplifying flows of energy and matenats, This is
& good argument against labor theories of value, for which a machineg is
nothing but the conpealed muscular ensrgy that went into its producticn.
Strictly speaking, this would mean there is no diflerence between a ma-
chine that works and one that does not (or a disassembled one), As the
above quobe makes clear, not only (5 & diagram necessary (brought into
the process by an engineer) but aiso the skilled manual knowledge
neaded to implemnent the ebstract diagram. In short, the energetic inputs
to large-scale production processes required complementary inputs of
catalytic information in erder for the Industrial Revelution to become a
splisustalning process,

OFf course, in addition to these reservoirs of factory inputs, the lsop
required nodes capable of absarbing the industrial output. Inother words,
the huge outputs of factory towns, their continuous flows of rranufactiured
products, needed domestic and foreign markets of a sufficient scals to
absorb them. These markets were not the product of industrial towns but
of the sities that natien-states had absorbed as political capitals and
gateways o the now glebalized networks of exchange. Unlike local and
reglonal markets, netional markets were not the product of 2 process aof
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self-organization but of deliberate planning by @ country's elites, a con-
scious policy known &g marcantilism, == L involved not only the removal of
internal tells and tariffs. but the construction of a communications net-
waork {roads, canals, mails) te allow commands {and traded goods) from
the capital to reach the whole country, In addition to a nationwide market,
anintensification of foraign trade and the proliferation of links bebween
gateway cities all over the globe were also necessary ingradients,

London, part political capital and part maritione metropolis, was instro-
mental in the creation of the British national and foreign markets. Lon-
don also played a key role in the formation of a stable credit systern, with
the creation in 1694 of the first central bank, the Bank of England. which
allowed tapping (vig credit) the vast monetary reserves of Amsterdam,
A% Braudel remarks, even though France had at the time a greater reser-
voir of natural resources than England, her credit {and taxation} system
was naver as good: “arlificial wealth™ proved more powerful than natural
wealth. = Hence, the first autocatalytic loop to achieve self-sustaining
growth involved more than industrial elites, Financial and commercial
antimarkets weare also key ingredients, as was the nation-state, And while
each separate alite did exercise centralized control over 2 given process
{the logistics of factory towns, the creation of the national market), the
revolution a5 a whole was the result of a true meshwork of hierarchical
abructuras, growing, like many meshwaorks, by drift:

Can we really be satisfied with this image of a smoothly coordinated and
gvenly developing combination of sectors, cepable betwaen them of
providing all the interconnected alemeants of the industrial revafution and
meeting dermands from other sectors? It convays the misleading vision af
the industrial revolution as a consclously pursued objeclive, as if Britain's
sociaty and economy had conspired ta make possible the new Machine
Age. ... Bul thiz was certainly not how the English revolution developed.
It was not moving towards any goal, rather it encadnterad ans, a5 ik wasg
propalled along by that multftude of different currants which not only
carried forvard the industrial revolution but also spided cver into areas
far beyond it, 2=

Thus, at least from the perspective where social dynamics are the
same as gealogical dynamics (that is, from the perspective of energy and
catalysis), the process of indusirial takeoff may be viewed as a bifurcation,
from a state in which self-=stimulating dynamics were not complex enough
b overcome diminishing returns, to 2 state in which the series of nodes
forming the circuit became a self-sustaining entity, The addition of new
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nades ta the meshwork as it complexified did not occur according toa
plan but simply following internal constraints; that is, each new node had
b “enesh well™ with the existing ones (.e., catalyze and be catalyzed by
exigting nodes). As the "geclogical history”™ of the nineteenth cenbury con-
tinued to unfold, the technologies that graw around the inanimate power
of steam (as well as radically new ones) simply inserted themselves as
further nodes in the growing autocatalytic loop, The railread and the tele-
graph, for example. mashed well not anly with ong another Camplifying
each other's strengtha and compensating for certain weaknesses), they
meshed well in the larger context of the circui,

The maw self-sustained intensification was made possible by efements
of bath the Central Flace and the Metwork systems. Administrative con-
ters and gateway ports joined factory towns to form the great circuit of
triggers and flows. The Industrial Bevalution, in turn, affected in several
ways the future growth of cities. One of the revolution's intensified flows,
the flow of cast iren, triggered the beginning of the metallization of the
urban excskeleton as the industrial regions of Englard began 1o use iran
frames to bulld fireprood textila mills: first, a siz-story cotton mill with
irgn columns was erected In Derby in 1792 then, in 1796, a cotton mill
with iron beams and columns was built in Shrewsbury; by 1830, the intar-
nal iren frame was comman in industrial and public buildings in England
and France, 28 MNewt, the web of interlocking innovations that character-
ized this period generated a second wave of interacting technologies
{the rallroad and the tefegraph), which had profound effects e the Euroe-
pean urban system as a whole, changing the relative importance of the
capital and the metropalis, Up b this point, land transport could not
compeata with the swift and flexible communications afforded by the sea,
While terrestrial distances served to separate landlocked urban settle-
ments, the open sea served 0 connect gateway cities, But the advent
of steam-poweraed tramsportation rermoved these constraints, giving
territorial capitals many of the advantages previcusly enjoyed by mari-
time cities,12#

The coal regions of England were the birthplace of the first rallroad sys
tern, adopting the “Rocket” lacomotive invented by George Stephenson
in 1829, This allowed the Liverpoal and Manchester Railway to open for
business In 1830.1% Other railways began operating on the Continent a
few years later, in France and Austriz, but they remained experimental
for at least tan years, Yet British leadership in steam-driven transport
was soon surpassed by tha United Statas, which a few decades earlier
had bean an English supply region, These former colonies had taken off
econamically in the secand half of the gighteenth century, by means
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cf the same small-scale autocatalytic process that had allowed Europe
many centuries earlier & emarge from the shadow of Islam: volatile
trade among backward cities engaged in import substituticon.

Aecording to Jane Jacobs, the first bwvo American cities to beagin this
process wera Boston and Philadelphia, one a British rescurce depot for
fimber and fish, the other supplyving England with grain, While Mew York
remained & captive market, Boston and Fhiladelphia were copying Eurc-
pEan products and replacing them with local gnes, which thay tradad
among themselves. While the innovations that came out of this process
were small and ynglamarous, and hence cannot be compared with the
ones that emanged from tha Industrial Revelution, what matterad was
the reservoir of interlocking skills and procedures generated by import-
substitution dynamics. 130 After the War of Independence, New York joined
Baston and Philadelphia in developing a greater variety of manufacturies,
while San Francisco would, after the gold rush, become a gateway to the
emerging global Metwork system,

The mechanics and enginesrs of these Amarican cities created the tech-
nology that would by 18RO allow the U5 railroeds to surpass the British
railway system in terms of mileage of wrought-iron rails, |1 bridges and
factories inoAmerica were still being built owt of timber, the ransportation
systam of the new nation-state was undsrgoing an even more intense
metaliization than England’s. More importantly, the technodogy developed
I England (ocomotives apd railway censtruction techniques) was largely
unsuitable for the long distances and difficult terrain of the United States,
and so it could not simply be imported but had to develop focaily in navel
wWays.132 Hence the importancs of the meshworks of small firms that had
developed aleng the American eastern seaboard, whence the local eng-
nearing and antreprenaurial talent needed to develop the new machines
was recrulted.

There is another side o the success of American railroads {and to the
future evolution of industrialization) which imdalved nat meshworks but
command hierarchies, While the technological elemients of the system
had been developed by civilian enginears from Mew York and Philadelphis,
military engingars ware instrumnental in developing the bureaucratic man-
agemant methads that came to characterize American railroads, In the
worrds af the historian Charles F. O'Connell:

A% Lhe railreads evolved and expanded, they bagan to exhikit structural and
procadural characteristics that bore & remarkable resemblance to thase af
the Army. Both organizalions erected complicated management hierarchiss
b coardinate and contrel & variety of functionally diversa, geographically
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separated corporate activities, Both crested specialized staff bureaus to
provide a range of technical and logistical support servicas, Both divided
corporate authority and responsibility between line and staif agencies and
afficers and then adopted alabarate weitten regulations that codified the
refationship between them, Both established formal guidelines to govern
routing activities and instituted standardized reporiing and accounting proe-
cadures and forms to provide corporate headguarters with detailed finan-
ctal and operational information which fTowed along carefully dafined lines
of eommunication. &z the railroads assumed these characteristics, they
becarme America’s first “blg business. ™13

O'Connell points out that specfic individuals from the LS. Armiy Corps
of Englnears plaved key roles in the building of a number of American
railreads and in 20 doing faced managerial problams of a scale and com-
plexity unknown o the lecal business community. They made strict
accountability and bureaucratic higrarchy pivotal elements of & manage-
ment style that would eventually filter through to other railway lines

(and ather industrias). &fthough this ganerally unacknowledged military
elernent of antimarket institutions is brought into high relief by the
American gxperience in rallroad management, it did not criginate there.
Indeed, the relationship between military and antimarket institutions is
a viery old one, By the sixteanth century, Venice had developed standard-
ized procedures as part of the operation of its arsenal, the largest indus-
trial comnplex in Europe at the time The armed sail ships buiit at the
arsenal since 1328 were used by Venstian antimarkets not only o con-
duct their lucrative long-clistance trade with the Levant, but 215 1o main-
tain by military force their monopely on that trade, In the gighteenth
and nineteenth centuries, arsenals would again play a leading rola in the
standardization and routinization of the production process, influsncing
the future developmant of industrial antimarkets, |n particular, military
discipline was transferred to factories, the workers siowly de-skitled, and
their activities rationatized,

Harry Braverman, a labor historian, acknewledges the role of bureau-
cratic and milltary hierarchias in the criging of the rationalization of labor:
"France had a long tradition of atbempting the scientific study of work,
starting with Louis XIV's minister Calbert; including military engineers like
Vauban and Belidor and especially Coulemb, whose physiological studies
of exertion in labor are famous,” 25 ndeed, the basic routines thal would
lgter evolve into mass production technigues were born in French military
arsenals in the eighteenth century. These routines were later transferred
to American arsanals, where they became Instituticnalized over the
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course of the nineteenth century, eventually developing inta the *"_n‘-'l..merl.

can:system of manufacturing.”

The American systerm was originally devised to croate wespons with
perfectly interchangeable parts. When artisans manufactured the differ-
ent parts of a weapon by hand, the resulting heterogeneity made it
impossible to supply fronts with spare parts, The new system first cri-
ated & model of a particular weapon, and then the model served as a
standard to be exactly replicated. But enforcing this standard, to ensure
the homogenelty of the producks, required a fransfar—from the rrifitary
to the factory —of the disciplinary 2nd surveillance methods that had
ben sed bo maintesin crder in barracks and Camps for cver fwo can-
turies. In short, the American system transfermed manufacturing from
an open process basad on flexible skills inte a closed process based on
tixed reutines (endforceable through discipline and constant inspection):

When labor was mechanized and divided in nineteanth-century arms facto-
ries, individusl work assiznmants became mare simplified while the cverall
production process became more complex, Coordinating and confralling
the How of work from ene manufasturing stage to another therefore
became vital and, in the eyes of factory masters, demanded closely regu.
lated on-the-job behavior, Under these conditions the engineering of people
assumad an importance equal to the engineering of materials, As confor-
ity supplanted individuality in the workplace, craft skilis became & detris
mant to production, 34

Obwiously, not all aspects of the rationalization of tabor had a military
origin. Military institutions played a key rale, but industrial discipline
had already developed (more or less independenthy) in certain anti-
market enterprises, such as mines.? All that can be claimed is that the
process oi routinization of production in arsenals, minas, and civillan
factories underwent a great Intensification on both sides of the Atlantic,
and this implied a large increase in the command element in the eco-
namic mix. But onee again, despite the important conseguences thal the
advent of rationalization had on the future of the economy, it is impartant
1o keep inmind all the coexisting processes taking place at this time 5o
as not to reduce their heterogeneity to a single factor. In particular, roy-
tinization neads to be contrasted with the completely different process
of innovation. ™ Routinkzation in its intensified {and consciously planned)
form occurred in & fairly defined area of the European (and Amerlcan)
exoskeleton, away from the national and regional capitals which became
centers of innovation, While the latter kept growing in diversity and eco-
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noamic heterogenalty duning the nineteanth cantury, the towns, which
underwent the intansified routinization of preduction, became ever e
homoganeows;

AL the high end of the spectrum [of pocy pational hemogeneity], we find the
single-industry and “company” towns. Often associated with secrat milibary
technolegy in our time, the latter go back at least to the naval ports, such
as Brest and Toulon, founded by Lowis X1, In the nineteenth cantury, sin-
gle enterprises developed sizable towns or came to dominate an orban
ares, Port Sunlight {Lever) in England, Leverkusen (Bayer) in Germany, and
Sochaux (Paugeot) in France, are examples, Entrapreneurs ware motivated
by the determinaticn {o exercise tobal control over the human as well as tha
technics! snvirenment. Mon-basic employment was Bept to a minirmum
because the paternatistic emplover discou raged cormpetition and "frivodity
in the provision af services, 139

This homogenization of economic functions, which retained basic ser-
vices and excluded competing industries, meant that the only positive
feedback operating in these urban centers was the enormous economies
of scale to which their antimarket institutions had aocess, By standardiz-
ing production, costs could be spread across a large number of identical
procucts, and in this way the law of diminishing returns could be aver-
corme, Yet, there are other possible types of positive feedback for cities
and towns, obther connections belween eMiciensy and size —not the size
of & homagenized enberprise and its homegeneous mass-produced prod-
ucts, but the size of a highly heterogenecus urban center which pro-
vides small firms with a variety of mutually stimulating links, These are
nat econcmies of scale, but economies of agglameration:

[Theze sconomies] come from the fact that the firm can find in the large
sity all manner of clients, services, suppllers, and emplayees no matber bhow
specialized its praduct; this, In turm, promates increased speciatization.
Surprigingly, however, econgmiss of agglemeration encourage firms of the
sarng line to lecate close to one another, which s why names such as
Harlay, Fleet, and Lambard strests and Saville Row—fo stick to London—
call to mingd professions rather than place, Besidas the non-negligible profit
and pleasure of shop-talk, all can share access to services that none could
support alone. ... A key point aboul écenamies of agelomeration is that
srnall businesses depend on them more than do large ones. The lattar can
internalize these “asternal economies”™ by providing their own services

and gain locational freedarm as 2 result, ., . The relationship between large
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cities and small business.is a symbictic one benaficial to both. The reazon
is that small firms are the major carriers of innovation, including create
adaptation to change. This was even moa frue in the days before scientific
research contributed much o new fechnology 19

Hohenbarg and Leas argue that, whether it was informal knew-how or
formal knowledpe, information was, with increasing regularity, one of the
reain inputs of small-scale industry. And large, diversified cities were cen-
ters whers infarmation accumulated and multiplied. The innovations to
which these aconomies of agglomeration led made these clties pionesrs
In many new industrial preducts and processes, which would later be
exported 1o the cerders of heavy industry once they had besn routinized.
“The nature of information as an input to proeduction s that it ceases to
ke important once & given process becomes reuting, At that paint other
cosls — for machines, basic labor, and space —take over, and central cities
are at a sericus disadvantage. Moregver, ecenomies of scale become criti-
cal and ., . very large cities are not especially favered Iecations for the
largest entarprises,” 4

Thus, even though routinization may not be conducive to, amd may
even preciude, innovation, this loss is offset through the gains derived
from economies of scale. Moreover, increasing the command slement in
the economic mix reduced not only production costs but transaction
costs as well, This is indeed how the necinstitutionalist economist Olivar
Williarmson explains the replacement of markets by hierarchies. In his
view, these two extremes and thelr hybrids represent different “gover-
nance structures” for handling the same transactions. Poor information
about & good 1o be exchanged, cpportunist behaviar by the partners of
axchange, difficulties in drawing sales contracts that foresee all eventuali-
ties (as well as other imperfections of real markets) increase the costs of
transacling in a decentralized way. At the limit, transaction costs may
overrida the gains from trade and then it may prove profitable to switch
from markets o hierarchies as the mode of governing transactions. 142

Williamson argues, for exampla, that as any Bsset develops a high
degree of specificity {2.g., ene firm buys machinery geared exclusively
toward the needs of another firm, or workers develop skills for particular
processes), a relationship of dependance develops between the pecple
involved which may leave the dogr open for opportunist behavior In this
sltuation, given the much increased costs of defining contracts that coun-
teract the effects of opportunizm, it will pay for one company toabsort
the other, that 15, to replace a relation based on prices by one based on
comimands, In the case of workers, the transaction costs invalved may
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be thosa of bargaining over the terms of & contract. The routinization of
the production process and Lthe consequaent de-skilling of the workers
reduces their bargaining power and the conseguent costs for managers
af transacting im the labor market.? Howevern, Williamson's approach, in
which an increase in the command element of economic organizations
i justified exclusively in terms of efficiency {(sconomizing transacticn
costs), has been criticized for ovarlogking the noncontractual benefits
{to the managers of firms) of industrial dizcipline. This is one reason
for viewing the development of economic instituticns {particularly in the
United States) as part of & wider “organizational ecology " which must
include military instibutions. Inthe next chapter wa will need to widen
even more the scope of this "ecology™ as we develop Foucault's idea that
the efficiency of economic erganizations (for example, the factory svs-
tem) meeds to be measured both in terms of economic utility and in
terms of palitical ohedience, which is where disciplinary institutions play
an impartant role,

In the nineteanth century there wera two more processes banefiting
hlerarchles over meskworks in the economy. On one hand, as Douglas
Morth argues, as econarmies complexifiad (a5 the amounts of fed capital
increaszad. for example). the proportion of the gross national product
spent on transaction costs also increased. This led to an institutional evo-
lutiom in which informal constraints were iInGreasingly cenverted intoe
farmal rules and decentralized enforcement replaced by the coercive
Intervention of central states, In order to keep transaction costs relatively
low. 15 O the other hand, the popalation of commercial organizations
inhabkiting cities {and the industrial hintarlands these cities animated)
underwent dramatic changes, |0 particufar, an organizational form that
proexsted the Industrial Revelution but had always been a small part
of the population now began to proliferate: the joint-stock company, This
tvpe of organizatien s charactenzed by a separation of ownership fram
controf; the owners are a dispersed group of stockhalders, and contral of
the company passes from the ocwnear-entreprensur to the professional
manager (or, rather, 1o a managerial hierarchy).

Galbraith, for example, argues that although joint-atock corparations
have boards of directors which représent the owners, in practice this
function has become largely ceremcnial, particularly in firms where the
managers selact tha members of the board, Ownership is also separated
fram contral by the fact that the managers have a more complete knowl-
edge of the daily operations of the firm. In these circumstances, the
strategy of the institution changes from one of maximizing the wealth of
the stockhofders to one of growth for its own sake, since this increases
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the complexity of the cperation and hence the need for insider, managear-
ial kmowledga, 5

Interestingly. the most inbense proliferation of this aorganizational farm
did not cccur in the more industrially advanced British cities but in the
United States. (The British and the Dutch did have [aint-stock cormpanies,
particularky the famous Companies of Indias, which were like states with-
in the state, 17 1t was in America that these organizations began a pro-
cass of anormous growth by swallowing smaller companies, increasingly
replacing markets with lerarchies. Indesd, one economist goes so far as
fa say thal the reason Britain Fost its industrial lead to the United States
by the early twentisth century was precisely because this absorption of
markets by hierarchies did nat take place, Britaln’s problem “was not
that it refied too littte, but that it relied teo much, on market coordination
of its economic activities.” M2 There are many competing explanations
for why large-scale enterprises in which commands increasingly replace
prices g% a cocrdination mechanism failed to develop on British scil, at
ledést with the =ame intensity as on the ather side of the Atlantic. Cne
interesting possibility rests on the ldea that London {and the rest of Eng-
lan<d's cities, which fall under its controd) was at the time the core of the
Mebwork system {and hence of the now globalized warld-economy) and
that, as such, it hed the resources of the entire world as its own private
supply zone, (That i, in the ninetegnth century, England as a whole may
bz meen a5 & monopaly) Back in the fourteenth and fifteenth centuries,
when Venice was the core of the European world-econamy, “she was far
behind the ploneer cities of Tuscany as regards banking or the formation
of large firms,” M9 1L is almost, as Braudel suggests, as if the whole of
Venice, whose antire population l2nt money ta the merchants, were a
huge joint-stock campany itsell, thereby inhibiting the developmient of
this erganizational form within it

Wihatevar the reasons for the delay in Britain, the process of separa.
tien of ownership from control and the wholesale replacement of markets
with Blerarchics were particularly clear in urban setflements in the United
States. This country had witnessed its own acceleration of aty building in
the nineteenth century, While the population of towns in 2790 includad
oily @ couple dozen cities, by 1920 there were almost three thousand. @5
This population incleded capitals, gatewsay ports, and industrial towns of
different types, from oppressive antimarket towns like Pittsburgh to more
socially concerned textile mifl towns like Lowell, Lawrence, and Manches-
ter )™ |n the later part of the century, this aeeeleration further intengified
and the percentage of the hurnan population living in urban centers dou-
Bled betwaen 1850 and 1920.2% Industrialization had also intensified, so

CBEMOEICAL HISTORT: 1740-2000 A.D.

that by the turn of the century the United States had become the world's
leading manufacturern

The population of commercial institutions inhabiting American cities
underwent an intense wave of internalization of markels by hierarchies.
This integration took cne of three forms: backward vertical intégration,
which meant that @ manufacturer absorbed 15 suppliers of raw materials
forward vertical integration, which resulted in the ingorporation of a firm's
distribution systam: and, finally, horizental integration, which involved
taking ower ather firms in the same industrial specialty. ' In the second
half of the nineteenth century, Chicagos toolmakers and meat packers,
Milwaukee's beer producers, Mew York's textile mills and sewing-machine
manufacturers all began a process of forward vertical integration by
developing their own nationwide marketing operations, internzlizing an
peonomic function previously performed by networks of commissioned
salesmen and brokers. While the American economy in 1850 “was one of
small businesses with many unintegrated firms dependant upon many
marketing middlemen . .. by 1900, contemporary observers were describ-
ing a quite different world, a world of vertically integratad big business.
A few targe firms whose interests spread out aver the whale country dom-
inated every major industry.” 5+ American industrial higrarchies both
absarbed their markets and merged among themsalves, with the aim of
avoiding cligopnlistic competition and increasing centralized control:

The railroads, which were the countey's first big business, ancouraged
other big business in at least two ways in addition to providing the
madil. . .. They wera a cardinad factor in craating a national market, and in
doing o, they put & sharper edge on intramural competition. They broke
down monepolistic market positions by making it possible for firms to
invade sach other's territory, Te protect themselves from the wounds and
bruises of competition, businessmaen integrated horizontally as well a3
vertieally, thus giving another boost to big business 152

Im the northeastern United States, the process of internalization would
play an important role in the next great energy intensification: electrifica-
tion, While independent inventors {such as Edison), who benefited from
economies of agglomeration, had developed the first few electrical prod-
ucts, & process of internallzation by investors!s8 was behind the harness-
ing of the gravitational enargy of Miagara Falls, and it was the latter that
transformed electricity from its limited role as a source of illumination to
that of a universal form af energy. In the course of this undertaking, cru-
cial technical quastions {such as the relative merits of direct versus alter-
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nating current) were settied, and the nature of the enterprise itsalt (&
praducer of energy, not a supplier of light) was elucidated. The driving
force behind the project was a group of bankers who formed the Cataract
Construction Company in 1829, They internalized an established corm-
pany and all its machinery, and sat cut te face the complex technical and
logistical problems of conquering the falls. By 1896, the plant they built
was transmitting power to the city of Buffalo, and the electrical utility
company as we know it had come info exisbenos 157

A product of investor internalization, the electrical industry helped
pivnear a new form of absorption: the direct internalization of economies
of agglomeration. Unlike its rivals (coal gas for illumination, steam for
motorization), electricity was increasingly dependent on formal and infor-
rmal knowladge for its development. Knowledge, in lurn, is an input of
preduction which exacts high transaction costs, Only where patents are
perfestly enforceable will information be allowed b flow through markets,
else antimarkets will prefer to internalize it into their hierarchies. % One
way a corporate hierarchy may internalize knowledge is by funding a
research laboratory. Although the German organic-chemistry laboratories
and Edison’s Menle Park lab were pracursors, the first modern industrial
laberatory dedicated exclusively to research (as opposed to mere testing)
was created by the General Electric Company in the early years of the
twentieth century. The G.E, lab, and the many that were later created In
its image, may be viewed as an internalized meshwork of skilis:

itis a great strength of the industrial laboratory that it can be both “spe.
ciallst™ and “generalist,” permithing an individual fo work aflone ar 2 bsam
to work together. ... The research laboratory provides an individual with
arccess to skills and facilities which greatly increase his capacity. It can at
the sarne time, howaver, crganize a leam effort for a specific task and

thus create a collective “generalist™ with a greater range of skills and knowl-
edge than any individual, no matter how gifted, could possibly acquire in a
lifetime. 152

Although the use of electricity as an energy source owed its origins to
urban economies of agglomeration and the infermation they genarate,
once those meshworks had been Internalized and routinized, electricity’s
future balonged fo economies of scale. Much as the steel industry, which
raquired larger and more sophisticated machinery and plants than iron
mills, autematically benefited larger erterprizes, so electricity immedi-
ately matched the scale at which antimarket institutions oparata, 0 The
new intensification took place along several fronts, Size, temperature,
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and pressure were all intensified to generate economies of scale in the
praduction process, Voltage, too, was greatly intensified; and posibive
feedback was created In the transmission process as well. Yet, as far as
electricity's effect on society, the intensification that mattered most was
that of consumption, which fellowed naturally from electricity’s multitude
of potential uses. In other words, the inpection of more and more enargy
inta urban centers would not on its own have produced much of a
change, since the uses to which the older forms of energy could Be put
were [imited. At some point urban societies would have reached a point
of saturation, and the intensification would have ceased. Bul electricity
simultaneously increased the flow of energy and the potential uses of
that energy. Hence, in this cage, it was as much the intensity as the form
of the new ensrgy inputs that mattered.

At the turn of the century, electricity had three possible uses, mol 1o
mention a multitude of patential uses (such &5 computers) that would be
realized anly later. These three applications were communications, light-
ing, and mechanical power, The first bwo were the better known, since
electricity had been connected with the flow of infermation from early on.
Stored in batteries, it had powered the telegraph throughout the nine-
teenth cantury. Electricity had alzso powered lighting systems, beginning
im the 1870s. But its trus fransiorming power would not depend as much
on its role in communications or illumination as in the creation of a new
breed of motors that, unlike steam engines, could be minigturized, which
permitted a new degrea of controd over the flow of mechanical enargy, ™
Thiz miniaturization of moters allowed the gradual replacement of a can-
tralized engine by a multitude of decentralized ones (even individual toals
could now be motorized). Motors began disappearing from view, weaving
themiselves into the vary fabric of reality.

Of course, electricity was not the sola cause of the last great intensifics.
tign undergone by Wastern cities, As with earlier intensifications, it was
thi interplay of several innovations {electricity and efectrical products, the
automobile and its internal combustion engine, plastics and other synthetic
materials, steel and oil) that allawed this Intensification to sustain bsel,

It is also important to keep in mind that this new web of interlocking
technologies did not replace the old one. Although coal lost graund to oif
in this century, even as late as the 1960s coal still accounted for half of
the world's energy consumption, and its reserves were less depleted that
thase of oil.1%% Rather than performing a wholasale replacement, the naw
clrcult of triggers and flows inserted itself into the old one. The original
loop (coal-iren-steam-cotton), and its newly acguired nodes (railroads,
telepraph), continued to function inta the Twentieth century. The new
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technologies simply grafted themselves into the previous meshwork,
Becorning Yet other nodes, participating in its self-reproduction and,
hence, reproducing themselves. Rather than being left behind, the old
cireuit simply complexified, losing a few {rigger-flow components while
EAININE many new onas.

Cities began to change under the influence of these new nodes, MNew
York and Chicago in particular experienced an intense alectrification and
metallization, which resulted in the birth of the skyscraper, an original
urban form unique to the United States, prior to Warld War |1, The iron
frame, which aliowed masonry walls to be replaced with giass, had been
pionegrad in European cities such-as Landon and Paris. But it was in
Armerica that this metallic endaskeleton evolved into the skyscraper,
Electric motors in turn allowed elevators o transport people vertically
through these huge towers. Chicago pioneered the use of steel and alec-
tricity in the construction industry, catalvzed by the great fire of 1871,
which destroyed the city™s commercial center and literally cleared the way
for innovative building technigues to be applied. By the 1890z, Chicago
was the world capital of the skyscraper, with Mew York a close second,
But if electricity and steel acted as centripetal forces, making possible
the intense human and machine concentrations represented by the new
megacities, the internal combustion engine and the automobile had a
centrifugal etfect, allowing people to move out of central cities into rapidiy
growing suburban areas. Automobiles, say Hohenberg and Lees, "acted
a5 a solvent rather than & cement to the urban fabric.™153

The year 1920 marks a turning point in the acceleration of American
city building, the moment when the number of Americans living in cities
surpassed the number inhabiting rural areas. But 1320 also marks the
momant when the growth of central cities was surpassed by the growth at
their fringes, the moment urban deconcentration began to intensify. As
Suburds started housing more of the urban population than central gities,
the latter became part of larger “metropolitan regions” (as they came to
be known) and af & mew territorial division of labor, Cities lost seme of
their sconomic funciions to suburbs and industrial Rinterlands, and
developed specializations in vet other functicns (those that were informa-
tion-intensive). This process was largely unplanned, forming a territorial
meshwerk of interlocking specializations, A5 one author puts i, “One
might describe the metropelitan region as a giant netwark of functicnal
retationahips in search of a form and a gavernment, =16+

Besides thesae changes in internal form, the relationship between cities
in Europe and in America began fo change. In particular, the core of the
global Metwork systern shifted in the 1920s from Lendon fo Maw York
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City. By the twenties, New York had already enjoyed several decades of
financial independence from London. For instance, ¢lectrification, unlike
Mew York's earlier intensitications, had not been financed from abroad,
A few decades later, affer Warld War |, the United States emerged as a
eraditer nation. and anather maritime metropolis (Maw York), not a land-
locked capital (Washington), would assume the role as core of the giobal
Mebwork systam,

Howewver, Mew York woukd soon experience a phenomaenon whose roots
wient back several centuries, to the time when nation-states first began
to swallow up urban centers: the process of cify kiliing. One factor con-
tributing to the depletion of urban autocatalytic dynamics was the un-
precedented mobility of large corporations, which, having internalized the
benefits of ecoramies of agelomaration, could move headquarters and
production facilities with relative ease. Unlike small firms, which are
lacked n a meshwaork of interdependencies with othar small enterprises
and henee cannot easily move to another city, industrial antimarkets are
free to change Iocation between, or outsida of. urban centers. And as
they mave awey, large corporations take their internalized meshworks
with them, depriving cities of an incaloulably valuable resource. Mash-
works of small firms may alse be destroved in a more direct way by large
organizations using their economies of scale to gain control of markets,
In Braudel's words:

Over the twenty years or 5o before the crisia of the 1970', Mew York —at
that tirme the leading Industrial city in e world —saw tha dedine cne after
another of the little firrms, semetimes employing less than thirly people,
which rrade up its commerzial and industrial substance —the huge clath.
ing sector, hundrads of amall printers, many food industries and small
butiders —all contributing to a truly "competitive” world whase little units
were both in competition with, yet dependent upon each cther, The dig-
organization of Mew York was the result of the squeszing out of these thou-
zands of businesses which in the past made it a city wherg consumers
could find in town anything they wanted, produced, stored and soid on the
spot, It was He big firms, with the big preduction units out of town, which
ousted the litthe men, 58

Antirmarkel organizations were not the only hierarchical structures
engeged in city killing. According to Jacobs, governmental bureaucracies
have for centuries been destroying wurban meshworks in a variety of
ways, # diversity of “transactions of decline” (&s she calls them) that
result in the loss of positive feedback, ar at least in the loss of the special
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type of economias of agglomearation invalved in import-substitution
dynamics, Because small cities need a flow of imports to build up the erit-
ical mass that results in an explosive episode of replacement dynamics,
any government policy that rediracts this flow away from them is a poten-
fal city killer, Taxing wurban centers in crder te sustain rural subsidies |s
one example, as is the promotion of trade bebween large and small cities,
since & large city will attempt to transform a smaller city into a supply
zome, (A8 we abserved earlier, volatite trade requires backward cities to
use aach ather syrmbiotically )16

To raturn to our main argument, despite the less of vitality of many
cities, the great autocatalytic ep of triggers and flows continued to com-
plexify by acquiring new nodes (electricity, automeoliles), which allowed
it to circumwant intarnal Emits to it growth (such as a saturation of the
urban demand for more and more energy). The continuing growth alsa
depended, of course, on other factors, such as the gvailability of rela-
tivaly cheap anergy sources, and this in furn depended on the ability of
Western nations to transform the rest of the world into & vast periphery,
o Supply 2oe, We will return to the guestion of colonialism in the next
chapter, but for now it will suffice to note that, unlike the original cirguit
of triggers and flows in Britain during the Industrial Revolution, the
resgurcs nodes in the expanded varsion of the logp (the second indus-
trial revolution) had long besn international. (Western cities became
painfully awara of their leng dependence on underpriced anengy — and
hence thelr dependence on thair global supply 2ones —during the oil
crisis of the 1970:.) The autocatalytic leop became increasingly depen-
dent, toa, on the flow of information, And this flow, in turn, began o
be altected by the creation of new institutions: the research laboratory
and the technical university. As Peter Drucker writes:

Fuaw of the rmajer figures in 19th century technedogy receivied much formal
aducaticn, The typical inventor was a mechanic who began his apprentice.
ship &t age fourteen or earlier. The few who had gone to college [Eli Whitnay,
Sarmual Morse] had not, as a rule, baen trained in bechnabogy or scienca,
Buk were liberal aris students. ... Technological invention and the develop-
ment of Industries based on new knowledge were in the hands of craftsman
and artisans with little scientific education but a great deal of mechanical
genius.. .. The 13th century was also the gra of tachnical-university build-
ing. Of the magor technical institutions onky one, the Ecole Polylechrique in
Faris, antedates the canfury. . .. But by 1901, when the Galifornia Institute
of Tachnology in Pasadena admitted fts first class, virtually evary one of

the magor technical colleges active in the Western world today had already
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come into being. Still, in the Spening decades of the 20th century the
marmniurm of technolcgical progress was baing carried by the selftaught
machanic without specific technical or scientific education, 188

The switch from the self-taught inwventor of the nineteanth century ta
the industral lalkoratory of the twentieth, with its staff of technical-
university graduates, involved a reversal in the balance of power betwesn
informal and formal knowladge. Still later on, the advent of computers
{which are basically automated formal systems) appeared to consolidate
the victory of anakytical over embodied knowledige, to the point where the
difference itself seemed to vanish for all but a fow nhilﬂsnﬂher{?b

According o Galbraith, the enfarged role that knowledgse began to play
as an input to production processes (as well &3 in other areas of corporate
activity, such as marketing) had a significant impact on the governance
structure of large economic organizations, acting as a counterbalance &o
the increased amount of command elements im their mix. Despite the
eristence of managerial hierarchies in most corporatians, the decisian.
making processes within these institutions are not based entirely on rank
and formal authority, but on committees, an apperatus for group decision
making (which he <alls the “technostructure”). These committees serve
as a means for pooling Knowledge, formal and informal, and as mecha-
nisms for testing the relevance of collective opinicns. Top management
tends simply to ratify the decisions made by these collective bodies, par-
ticularly in situations where the decizions to be made are not routine, 't

The intensification of the flow of Knowledge also affected the dynamics
of cities and their industrial hinterlands, & recent study of tao Industrial
himterlands —"Silicon Valley™ in Morthern California and Route 128 near
Boston, both of which developed in close contact with technical universi-
ties (Stanford and Massachusetts Institute of Technology, respectively)—
illustrates the effects of this intensification. The study observes that:

Silicon Valley has & decenbralized induwstrial system that 2 organized arund
regional networks, Like firms in Japan, and parts of Germany and [taly.
Silicon Valley companies tend to draw an local knowledge and relationships
to create new markets, products, and applications, These specialist firms
compete Intensely while at the same timme learning from one ancther about
changing markets and bechnolegies. The reglons dange social netwarks
and open labor markets encourage experimentatzon and entreprengurship.
The boundaries within fiems &re porous, &8s are those betwaan firms them-
selves and betwaen firms and ocal institutions auch as trade assaciations
and universitias, 1"
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The growth of this region owed vary little fo large financial flows from
governmental and military institutions, Silicon Valley did not develop so
much by economies of scale a3 by the benefits derved from an agelom-
eration of visionary engineers, specialized consultants, and financial
entreprenaurs. Engineers moved often from one firm to another, develop-
ing loyalties to the eraft and the region's networks, not to any particular
corperation, This continual migration, tegether with an wnusual {for cor-
porations) culture of information sharing among the local producers,
ensured that new formal and informal knowledge would diffuse rapidly
through the region. Business associations fostered collaboration between
simall and medium-sized companies, Risk taking and innovation were
preferred over stability and rowtinization. (Of course, this does not mean
that there were not large, routinized firms in Silicon Valley, only that they
dicl fel dominata the misy Not 56 on Bowte 128

Wehile Silicon Valley producers of the 1970% were embedded in, and
inseparable from, intricate social and technical networks, the Route 128
region came o be dominated by & small number of highly sedf-sufficient
corporations. Consonant with Mew England’s twe century old manufactur
ing tradition, Route 128 firms sought to preserve thelr independence by
internalizing & wide range of activities. As a resull, secrecy and corporate
Iewalty govern relations between firms and their customers, suppliers,
and competiters, reinforeing a regional culture of stability and selfreliance.
Corporate higrarchies ensured that authority remains centralized and
inforrmation flows vartically. The boundaries between and within firms and
betwaen firms and lecal institutions thus remain far more distingt, @52

Before the recession of the 19803, both Silicon Valley and Route 128
had Been continuously expanding, one on economies of agglomeration
and the other on economies of scale {or, rather, mixtures dominated by
one type ar the othar); nonetheless, they both falt the full impact of the
downturn. In response to hard times, somae large Silizon Walley firms,
ignaring the dynamics behind the region’s success, began pearing produc-
tion toward economies of scale, transferring the manufacture of certain
parts to other regions and internalizing activities previously performed
by smaller firms. Yet the intensification of routinization and internaliza-
tion in Silicon Valloy was not a constitulive part of the ragion {as it was on
Reute 128), which meant that the old meshwork system could be revived.
And that is, In fact, what happened. Silicon Valley's régional networks
were regngrgized, throwgh the birth of new firms in the ofd pattern, and
the region has new returned to its former dynamic state, unlike the com-
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rand-Reavy Route 128, which contimues to stagnate: This shows That,
while economies of scale and sconemies of agglomeration, as forms of
positive feedback, both promote growth, anly the latter andows firms
with the recilience and adaptability needed to cope with adverse &oo-
momic conditions.

Tha case of Silicon Valley and Route 128 shows that there are saveral
viable lines of development for future production systems, much &s there
were alternative forms of industrialization in previous centuries, Paradoxi-
cally, the computerized products manufactured in these two industrial
hinterdands, and the further intensification in the flow of knowledge that
computers allow, could push the evolution of industrial prodectian in
either direction, toincrease or decrease the relative proportions of com-
mand and salf-organization,

On one hand, computers may become the machines that finally elimi-
nabe human beings and thelr flexible skills from industrial production,
as in fully automated factories. Maturana notes that one characteristic of
autocatalvtic loops is that their internal states determine most of their
behmavior, with external stimuli plaving the role of triggers. He compares
this to push-button machines whose behavior is not caused by the push-
img of & button, only friggered by it.17*? Automated factories are very
complex push-button machines of this tvpe and, as such, planned autocai-
alytic loops. Indeed, as late as the 19605, a routinized, rationalized pro-
duction process that generated economies of scale was thought By mamy
to be the perfect example of a whole that is more than the sum of its
parts. That so-called systermns approach celebrated routinization as the
crowning achievement of modern science ™ Today we know that planned
loops of triggers and flows are only ong of & number of systems that
exhibit emergent properties, and that spontaneously generated loops
may be maore adaptive and resilient than rigidly planned ones. s

Automation results in selft-sustaining autocatalytic loops of routines,
with a limited capacity for spontanecus growth. These loops emerge and
grow by corporate planning, so they can be only as good as the planners
themselves. On the other hand, Instead of aiding the growth of =elf-suffi-
cient corporations, computars can be used to create a netwark out of a
coliection of small firms, &8s happenad in some industrial hinterands in
Eurcpe, allowing economies of agglomeration to compensate for the lack
of scale of the individual firms, 7™ |0 this case, the abilities of the individu-
als invalved will b amplified by processes of self-organization oosurring
at the institutional and regional levels, By facilitating the formation of
meshwarks of complementary economic functions, the computers created
in industrial hinterlands could allow urban centers to recover the rich
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nenlinear dynamics of earlier production methods, such as imporksubsti
tution dynamics.,

It something like this were to happen, these regions would simply be
repavwing a very old debt to cities. Industrial hinterlands have always
emerged in close connection with dynamis urban centers, spawned and
nourished by cities and fowns enjoving seme kind of positive feedback
from their ageforneration of skills and economic functions. Cities that
zerved mostly as administrative centers, with more somimand than mar-
ket components, did not animate active industrial regions beyand their
berders. Lendon, Amsterdam, Paris, Los &ngeles, Mew York, Sao0 Pauln,
Singapore, and Seoul did, while Madrid, Lisbon, Atlanta, Buenos Aires,
Manila, and Canton did not. According to Jacobs, the latter lacked the
volatility in trade and the dynamism of small-preducer networks neaded
to infuse life into & city's regions, as opposed to merely exploiting them
a5 resource depoks. 77

Meedless to say, computers will not magically produce a guisk tachno-
togical fix to urban problems. For one thing, they may still evolva in the
direction of routinization, further eroding the combinatorial richness of
knowledge and making flows of information ever more sterile. The digital
revolution should be thought of as one more element added to a complex
mix, fully coexisting with older components (energetic and material), not
all of which have been left in the past. In othar words, digital machinery
is simply & new node that has been grafted on the expanding autocat-
alytic loop, Far from having brought society to & new stage of its develnp-
rment, the information stage, computers have simply intensified the flow
of knowledge, & flow which, like any other catalyst, still needs matter and
energy flows to be effective.

There is one final institutional development that needs to be men-
tioned hera: the transnational corperation. Although government and mil-
itary Institutions evolved side by side with big business, forming a true
meshwork of hierarchies, a recent intensification of the mobility that has
always characterized antimarkets has allowed them to transcend national
boundaries and hence their interlocking refationships with the state.
{Transnational corporations are not a new phenomencn, but they used to
form a small fraction of the total population of urban firms.) The routin-
izatlon of production and the internalization of markets are now carried
or at a global level, while powerful computers allow the centrallzed con-
trol of gecgraphically dispersed activities. According to some analysts,
the Interpationalization of antimarket institutions (or at least the intensifi.
cation of this process) was indeed brought about by advances in the sci-
ance of centralization (for example, in operations research, which was

GEOLOGICAL HISTONY: I70-2000 &.0.

developed by the military during World War 113 and by the use of large
comnputers to coordinabe and monitor compliance with central plans. ™2

In this way, many corporations have now become truly independent of
any particular country, much a5 decades ago they became independent
of cities, Indeed, nation-states have become cbstacles for the expansion
of antimarket institutions, since the achievernent of economies of scale
at an international level demands the destruction of the regulations with
which independent countries atternpt to control the flows of money,
goods, and imformation across nabional borders,

Despite the fact that meshwork-genarating processes are active beday
in several parts of the globe, higrarchical structures enjoy a commanding,
twa- or three-hundred-year lead, which could very well decide the issue,
particularly now that processes of homogenization hawe Become inber
national, But even if the future turns out to belong to hierarchies, this will
not occur becauss a “law of capitalism” somehow determined the out-
corme from above, Human history is a narrative of contingencies, ngt
necessities, of missed opportunities to follow differant rostes of develop-
ment, not of a unilinear succession of wavs to convert energy, matter,
and Infarmation into cultural products: If command structures end up
prevailing over sell-organized ones, this itself will be a contingent histor-
cal fact in need of explanation in cencrete historical terms. | have already
suggested here that a multiplicity of institutions (econamic, political, and
mmrilitary} will enker into this explanation. & more detailed analysis of the
process through which homogenizing forces came to averwhelm those
promoting heteroganization will in fact invalve a wider varisty of organiza-
tians including schools, hospitals, and prisons).

In the next chapter, we will explore other aspects of the accumulation
of hierarchical structures within the European and American excskeleton.
Exarmining the rale that these institutions played will ailow us o pul seme
fiesh ocn the bare bones of our account of Western institutional and urban
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Biological History:
1000-1700 A.D.

In the eyes of many human
beings, life appears to be a
unigue and special phenome-
non. There is, of course, some
truth to this belief, since no
other planet is known to bear
a rich and complex biosphere.
However, this view betrays an
“organic chauvinism” that
leads us to underestimate the
vitality of the processes of self-
organization in other spheres
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of reality. It can also make us forget that,
despite the many differences between them,
living creatures and their inorganic counter-
parts share a crucial dependence on intense
flows of energy and materials. In many
respects the circulation is what matters, not

the particular forms that it causes to emerge.

As the biogeographer lan G. Simmons puts
it, “The flows of energy and mineral nutri-
ents through an ecosystem manifest them-
selves as actual animals and plants of a par
ticular species.”! Our organic bodies are, in
this sense, nothing but temporary coagula-
tions in these flows: we capture in our bodies
a certain portion of the flow at birth, then
release it again when we die and micro-
organisms transform us into a new batch of
raw materials.

The main form of matter-energy flow in
the biosphere is the circulation of flesh in
food chains. Flesh, or “biomass” circulates
continuously from plants to herbivores,
and from herbivores to carnivores, giving the
ecosystem its stability and resilience. (This
basic food chain is in reality only one among
several, forming a system of interlocking
chains referred to as a “food web.”) The foun-
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dation of any food web is its plants, which
“hite” into the stream of solar radiation,
capturing some of it as sugars by means of
photosynthesis. Plants are the only nonpara-
sitic creatures in an ecosystem, its primary
producers, while the animals who eat flesh
(plant or animal) are mere consumers. The
complex microflora and microfauna that
process the ecosystem’s waste are as impor-
tant as plants, since these organisms rem:-
ineralize and reinject dead plant and animal
bodies back into the web.? Compared to
plants and microorganisms, “higher” animals
are just fancy decorations in an ecosystem,
consuming and transforming biomass with
decreasing efficiency as their size increases.’
For this reason, the emergence of an eco-
system is typically described as a succession
of plant assemblages that interact with each
other, passing through several stable states
until they reach a “climax.” A temperate for-
est, of the type that characterizes the Euro-
pean continent, for example, begins as an
assermblage of lichen and moss, followed by
scrubby birch and aspen, then pine forest,
and finally a mature cak, lime, elm, and beech
forest.* Although it may appear otherwise,
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this process of succession does not have the climax state ag its goal,
Rather, the emergence of an ecosystern is a blind groping from stable
state to stable state in which each plant assemblage creates the condi-
tions that stabiliza the next one. A variety of historical constraints (ener-
getic. material, dynamical) determine at sorme paint that thera is no
other stabie state attainable from the currant one, and so the process
elimaxes, This is, of course, just another example of a meshwork of
heterogenecus elements evalving by drift, A more realistic medel of this
meshwark would have to include microarganisms, the myriad insects
and ather small animals that play key roles in the flow of biomass, and
even some “decorative’” large predators, ke tigers, wolves, or early
Frmans.

This section explores the relationships between medieval cities and
towns and the ecosystemn in which they grew —not only the forests they
devoured as they proliferated but also all the other interactions thay
maintained with biological entities, especially microcrganisms, Here we
will argue that even though plants were In a way submitted to the contral
of the towns, microbes resisted control much longer {if indead wa can
say that antibiotics have finally brought them under our command, which
may not be quite trug). And then, of course, we must considar that atber
uncontrollable element of ecosystems, the climate. Both infectious dis-
eases and changing weather patterns played a great role in urban history,
making epidemics and famines part of the “biclogical regime” that dami.
nated urban and rural life until the eighteenth century.

From a different perspective, cities and tawns may themselves be
considered ecosysterns, at least to the extent that biemass circulates
through them to feed their inhabitants. The diagram of this circulation,
however, must include processes occurring outside cities and towns
because urban centers have always depended on thelr countr yaides for
food, In human-made scosystams, the inhabitants of the surrounding vil-
lages are the primary producers while city dwellars, despite their cultural
sophistication, are meré consumaers. Moreaver, this parasitic relationship
can be reproduced at a larger scale. In the early sixteenth century, for
example, as cities grew and developed trade links with one another, their
food began to flow from ever remoter supply zones. First eastern Europe
was transformed into a vast “countryside” for the urban complex to its
west, then America and other foreign lands were converted Into resource
depols to fead wesktern European cities.

Thus, ours will be a dual story, ane tracing our biological connections to
nonhisman life, the ather describing the gradual conversion of the world
inte a supply region to fuel European urban growth, We begin by dis-
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cussing the principal differance between natural and urban ecosystems:
their degree of homogensity and heterogeneity.

Ecologists have learned from their empirical study of ecosystems that
there is a close relationship between stability and the degree of species
heterageneity in a food web, However, the nature of the connection
betwesn the two is not vet fully undersiood. In the early seventies, some
mathematical models of ecosystems suggested that there may not even
be a connaction: webs of randamily assembled species tended to become
more unstable as new species were added; diversity bred instability.
However, all that those models proved was that real ecosystems are not
random assemblages of species, but salf-organized meshwarks in which
species are interconnected by their functional complementarities: prey
and predator, host and parasite.” &ccording to one ecologist, heterogene-
ity endows these meshworks not so much with stability (the capacity to
malntain a state with relatively minor internal fluctuations) as with resili-
ence (the capacity to absorb major external and Internal fluctuations by
switching between several alternative stable states).® Continental forests
are an example of these resilient webs of interlocked species. Istands
far from the mainland, on the other hand, are more hamogeneous and
less capable of absorbing shocks and may be drastically destabilized by
a sudden influx of a naw Species.

The cities that began multiplying in Europe at the beginning of the
millannium were like 80 many islands in the middle of a large temperate
forast in its climax state, dominated by oaks and efms, Cities are like
islands in two different ways. In terms of climate, cities ars "heat
islands,” separated from their countrysides by 2 sharp difference in tem-
perature.” Large furnaces and machines that emit heat, a mineral infra-
structure that stores heat fram the sun ard then releases it at night, and
low evapotranspiration are among the factors that contribute to making
large cities concantrations of waste anergy. In medieval times, of course,
only @ few regional capitals and gateway ports (if any} had mineralized
and industrialized enough to become heat islands. But all medieval towns
big and small were islands in another respect: their low degree of spacies
heterogeneity, A typical medieval town can be described as a tightly
packed assemblage of humans, a few spedies of animals and plants, and,
as one writer has put it, “a lumpen-proletariat of insects,"s

Bacause owns are necessarily parasitic on their rural surroundings,
urban ecosystems encompass more than what is found inside their walls,
A tewen with three thousand inhabitants, & medium-sized town in the
Middle Ages, needed to control the lands of at least ten villages around it
{an area of approximately five square miles) to ensure a constant supply
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of edible biomass, Thus, although density of population is the driterion
normally used 1o define an urban canter, Fernand Braudel argues that the
division of labor between food producers and consumers (and the power
needed o impose and maintain it) is the true defining trait of urban life.?
We shoeuld not imagine, howevear, that the medieval distinction betweesn
the urban and the rural was as sharp as it is today, "Even the large towns
continued to engage In rural activities up to the eighteenth century. In
the West they therefore housed shepherds, gamekeepers, agricultural
warkers and vinegrowers (even in Paris), Every town generally owned a
surrounding area of gardens and archards inside and outside its walls. ...
Im the middle ages the noise of the flail could be heard right up to the
Rathaus in Wm, Augsburg and Muremburg. Flgs were reared in freadom
in the strests."™

The main characteristic of an urban ecosystemn is its homageneity;
hurman beings shorten all food chalns in the web, eliminate mest interme-
diaries and focus all biomass flows on themselves. ! Whenever an out-
side species tries o insert itself into one of these chains, to start the
process of complexification again, it is ruthlessiy expunged as a “wead”
ra term that inciudes “animal weeds™ such as rats and mice). Madieval
towns ware, Im this respect, no exception. Morsover, the agricultural lands
that fed these towns were themselves simplifications of the forests they
had replaced. When a piece of forest was cleared to create arable land,
an assemblage of plants in its climax state was driven back to its very
lirst stale of succession, its species composition homogenized and its
enangy and nutrients redirected toward a single center. (Yet, for the same
reason, it was transformed inte a place where plant specles with “oppaor-
tunistic” reproductive strategies [i.e.. weeds] could multipiy.)

The same held trize with respect to animals, Sevaral domesticated
species (pigs, cattle, goats) may be considered biomass convertars, which
ald the process of shortening and redirecting food chains. For example,
cattle and goats transform indigestible biomass (leaves, grass, sprouts)
into edible flesh and milk. Pigs are even more efficient converters (one-
fifth of the carbohydrates thoy eat are transformed inte protein), but they
fewd mostly on sources that are also suitzbe for human censumption 12
They can nevertheless serve as living storage devices for unpredicted
surpluses. Together, humans and their “extended family'" of domesticates,
as the historian Alfred Croshy calls it, transformed a hetercgeneous mesh-
work of spacies (8 temperate forest) into a homogeneous hierarchy, since
all Biomass mow flowed toward a singie point at the top, 1n a sense, &
complex food web was replaced by a simplified food pyramid, at least in
those areas where urbanization had triumphed,

iog

BrOLOGICAL HISTORY: 1000-I700 A.0,

This homogenization, however, had to be malntalned through the sheer
weight of human numbers. Whenever the human population declined, the
animals and plants that were axcluded from the urban acosystenn madea
a comeback. Boughly speaking, Europe’s population increazed between
1100 and 1350 and beteeen 1450 and 1650; it declined between 1350
and 1450 and again between 1653 and 1750, In the perigds of decline,
hurmnans had to struggle to keap their place &t the top of the pyramid:

The whole of Eurepe, from the Lraks $o the Straits of Gibraltar, was the
domain of wolves, and bears reamed in all s mountains. The omnipres-
ence of waolves and the attention they arcused make wolf-hunting an indax
o of the health of the counfryside, and even of the towns, and of the charac-
ter of tha year gona by A momentary inattantion, an aconomic setback,
& rowgh winter, and they multipiled. |n 1420 packs enterad Peris through
2 breach in the ramparts or unguarded gates, They were thare again in
September 1438, attacking people this time outside the town, between
Mentmartre and the Saint-Antolne gate 12

Large pradatars continuad their visitations antil the end of the sigh-
teenth century, by which tine human hunters had nearly driven them to
extinction. And yet they were not the only species for whom human
beings were a food source. OF greater importance, and of more enduring
influence, were the “micropredators,” the diseases that ate human flesh
from within, Contagious diseases and thelr hosts form complex, nonlinear
dynamical systems with several possible states. When the popubation of
hasts is imsufficient, or insufficiently packed, making contagion difficult
for the microorganism, the dynamical system enters an unstable state
called "epidemic,'” and the population of germs grows explogively until it
burns out its husnan fuel. When, on the contrary, overall population and
population density are beyond a critical thresheld, so thet there is always
a fresh supply of flash for the parasites toinfect Gypically small children),
after a few epidemics the dynamical systam stabilizes into what is callad
an "endermic” state, Human survivors of the disease become immune,
the microcrganisms lose some af thelr virulence and microbe and host
enter into a state of mutual accommadation. In William McMeills words:

Cnly In communities of several thousand persons, where encounters with
others attain sufficient frequency to allow infection to spread unceasingly
from cne individual to another, can such dissases persist. These communi-
fieg are what we call clvillzed: largs, compledhy erganized, densely popu-
lated, and without exception directad and dominated by cities. Infectious
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Bascterial wnd viral diseases that pass directly fremn homan to' bsman with
ne intermediate host are therefore the diseases of civilization par excel
lence: the peculiar hallmark and burden of cities and of countryzide in con-
tact with cities, They are farmiliar f0 almost all conternporary humanking as
v ordinaary dissases of childbood: measles, mumps, whoopdng cough,
smallpox and the rest. ... Most and probably all of the distinctive infectious
disgases of civilization transferred to human populations from animal
herds. Contacts ware dogser with the demesticabed species, so itis net sur-
prizing te find that many of our commen infectious diseases have recogniz-
able affinitias with one or anather dizease afllicting daomesticated animals,
Maaslas, for example, i prabably related to rinderpest and/or canine dis-
temper; smallpox s certainly connacted clesely with cowpox . dnfluenzs i
shared by humans and hogs.1*

Medieval cities, with their intimate packing of domesticated animals
and humang, were veritable “epidamiological laboratories,” They offersd
certain microorganisms the perfect habitat inowhich to evolee nowvel vari-
ants. Since their very existence would go unrecognized for many centuries,
this crucial coemponent of urban ecosystems was effectively outside of
hiurman control. Although quarantine measures existed in Europe sinoe
the fifteenth century, mast cultural accommodations to infectious disease
were habits and routines that developed without a conscicus plan, by trial
and error. These wera, in a sense, cultural materials that accurnulated
unconsciously, sorted out by the pressure of the parasites themselves.
Hence, germs and humans formed a meshwork, coavolving through drift,
ire stark conbrast with thie rest of the food hierarchy at the service of
urban culture.

It is easy to discount the impertance of enargy and nutrient flows by
unduly emphasizing the cultural elements that inevitably flow alongside
them. For example, Claude Lévi-Strauss pointed out decades ago that bio-
mass does not enter human society in its “natural™ state: it is at the very
least processed through the “civilizing” power of fire, In twrn, the differ-
ence betwaen raw and cocked biomass becomes a largely symbolic oppo-
sition, approprizted by myth and legend.* Culture also regulates the
fiow of fiesh, distinguishing betwesn taboo, sacred, and everyday foods.
The increasing elaboration of sauces and complex dishes which began in
Europe in the fifteenth century (and in China and Islam much earier)
added rmorg and more layers of culture to the circulation of raw matier-
energy. However, these cultural additives, important as they were, should
not blind us to the fact that ultimately it was still the nwtational value of
trve flow that mattered. Mothing serves betber to remind us of this fact
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fhan the recurrent famines that plagued Eurcpe and other continents,
mot anly in medieval times but until the very eve of the Industrial Revalu-
tien. In extreme cases, people would not anky 2at bicmass that had nat
been culturally sanctiened {such as grass, bark, or even scil), but, more
importanthy, they would break the most powerful of alimentary tabogs
and eal human flash.

Famine recurred o insistently for centeries on end that it became incorpa-
rated inko man's biological regime and built into his daily life. Dearth and
penury wers sontinual and familiar even in Europe, despite its privileged
position. & few overfad rich do ot alter the rule. It could not have been
atherdise. Cereal yvields ware poor; bwo consecutive bad harvesls spelled
disaster. .., For thess and other reasons famine cnby disappearad from the
'West gt the close of the eighteenth century, or even later. ... A privileged
country fike France is sgid to have experienced 10 general famines during
the tenth century; 26 in the eleventh; 2 in the twalfth; 4 in the fourteenth;
7 in the fifteenth; 13 in the sizteenth; 11 in the seventeenth and 16 in the
eighteanth. We abviously offared this sightaenth century aummary without
puarantes as o il stcuracy: the only risk it runs iz of over-cplimism,
becauss it omits the hundreds and hundreds of local famines, 1@

Farmiries and epidemics were twe biological phenamena thal competed
in importance with the purely culbural phenomena of the times. Culture
is not a completely separate sphere of reality, but instead mixes and
blends with flows of organic (and even mineral) materials, So far we have
emphasized only one of thase organic flows — biomass — but of equal
imporiance is the flow of genetic makerials through generations. Without
this flow, arganized flesh would exist in forms as ephermeral as hurricanes
(and other nonorganic sell-arganized entities), and, moreover, it Sould mot
evolve, Since evoluticnary processes far exceed the life span of individu-
als, any significant accumulation of adaptive traits requires genetic mate-
rials to be registered and stored,

I the view which dominated the West for two millennia the traits that
define a given species were necessarily tied together for all time since
they ware axpressions of an eternal essence. Today we know that there is
nathing necessary about these accumulations, Species are historical con-
structions, their defining traits a purely contingent collection assembled
by means of selection pressures, which act &5 a genetic sorting process.
In & very Feal sense, much as our bodies are temporary coagulations in
the flow of biomass, they are alzo passing constructions in the flow of
genetic materials. As Richard Dawkins has put it, plants and animals are
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merely “survival machines” that have been built to house and perpetuate
the flow of genes, or replicators:

Replicators bagan not meraly to edst, but to eanatruet far themselves con-
tainers, wahiclas for their continued exisience, The replicators that survived
wearg e gnis that built survival machines for themsakves to live In. ..

Mow they swarm in huge colonies, safe inside gigantic lumbenng rolots,
sealed off from the outside world, communicating with it by fortusus, indi-
rect routes, manipulating it by remote control. 1

For the bicgeographer, the flow of biomass through food webs s
paramount; for the evolutionary biokagist, the fow of genes through gen-
erations is whal matters chiefly. 11 is clear, howaver, that the bodies of
animals and plants are transient sgglomerations of materials derived
from beth of these flows, and not only for the obvious reason that living
credtures must aat (and aveid being eaten) to successfully reproduce,

A more fundamental reason is that the very structural and fusctional
properties of these bodies cannol be explained in terms of genatic mate-
rigls alone, Betwaen the information coded into genes and the adaptive
traits of & plant or animal {i.e., between genotvpe and phenatypel,

there are several lavers of self-organizing processes, each sustained by
endopenousty generated stable states, themselves the produst of matter-
energy flow. Gengs are not a blueprint for the genaration of organic
structure and function, an idea implying that genetic materials predefine
& form that is imposed on a passive flesh. Rather, genes and their prod-
ucts act as constraints on a variety of processes that spontanecushy
generate order, In a way feasing oul a form from active {and morpho-
genetically pregnant) flash. 2

Unlike an acosystem, which is a meshwork of kighly heterogeneous
elements, the gene pool of @ species may be seen as a hierarchy of
homogensous elements. As the physicist Howard Pattee has argued, the
crucial function of genas is to force individual molecules within a cell to
ohey the cell itself, and similarly for Individual cells in a tissue, individual
bissies in an organ, and individual organs in an crganism. At sach rank
of the hierarchy, the genes' purpose is o constrain the lower level ta
behave in ways determined by the immediately upper lovel.?? If wa imag-
ife & case in which the selection pressures on a species have had the
time and opportunity to wark themselves out {.e., to eliminate many
genas from the pool and drive others to fixation), the resultant species
will indeed be a very hemogeneous entity.® Of course, in reality most
species retaln a degree of heterogeneity, particularly i the selecting envi-
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ronment i5 itsalf heterogeneaus in time or space. Besides, a totally homo-
penecus species would be incapabde of avolving, since natural selection
raquires variatian in the gene pool as its raw material, Meverthelass, com-
pared to ecosystems, the gene pool of a spacies may be seen as a struc-
fure with more command elements inits mix

Although highly homogeneous, the gene pool of the humen species is
still variable due to the large variety of acosystems that humans have ¢ol-
anized, as well as o cultural taboos against interracial marrizge. How-
aver, whatever haterogenaity remains in the human gene poof affects only
our oulward appearance and has little adaptive value, with some excep-
tions. For example, in nerthern Europe during the Middle Ages, thera was
& gene coding for an enzyrme that allowed adult humans o digest raw
milk. Elsewhere, in the populations of China and |slam, for-instance, the
gene did not exist, $0 milk had to be culturally processed {transformed
Inta cheese or yogurt) before it could be digested. Another gene, which
was distributed to some degree along the Mediterranean but was much
mare prevalent on the west coast of Africa, allowed its hurmar carriers to
resist “being digested™ by malarial parasites. 2

Bast human Eralts are not, of course, determined by a single gana,
Skin color, for instance, involves several genes {or mora technically, palrs
of alleles, alternative genes for the same pasition in a chromosome).
Mare importantly, most of the genes that aren't comman 1o all human
communities define literally superficial traits: skin color, hair form, Doy
shape, and stature. Despite the fact that these traits may have some
adaptive significance, the real importance of this heterogeneous “outer
shell" is cur use of it 3% 3 hasls for cultural differentiation dnd racial
stereotyping.. Truly objective analysis {objective, that is, in comparison to
the caricatures of abjectivity that Social Darwinists and eugenicists have
given us) of the genetic makeup of the body as a whole reveals a stark
genetic homogenaity. Interestingly, the genetic variation among individu-
als of a particular rece is greatar than the variation between races:

Of all genetic variation, 855 is between individual people within a nation

ar tribe. ... The remaining variation is split evenly bebween variation
netween nations within & race and vartation batwesn cne major race and
another. To put the mattar crodely, if after a great catachysm, only Africans
ware left alive, the human species would have retained 939 of its total
genetic variation, although the species as a whole would be darker skinned.
If bhe cataclysm were even more extreme and only the Xnosa people of the
gouthern tip of Africa survived, the human species would 5t retain B0% of
its genetic variation. 22
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The genes that define the “outer shell” {as well as those few that
involve biclogically important functions, such as resistance te malaria or
the ability to digest raw milk) evolved in historical times, which praves
that the human gene pool is still changing, But this kind of cha nge (Mgec-
logieally” slow change) has not played the central role in the dynamics of
the hurnan gene pool. That honaor is reserved for large migratory move-
ments that mixed hitherto separate populations. For example, the medi-
eval distribution of blood types owed more to ancient migrations than o
natural or cultural selection.®® From the genetic perspective, the causes
of hurman migration {a famine, for instance) are less important than its
affects: the homogenizing or heterogenizing consequences of injecting
DMA from one local gene pool into another, “Migraticn is of the greatest
genstic relevance. It is the vehicle for the mechanism of evolution that
today is preducing the greatest evelutionary effect, allewing the incorpo-
ration of new genes into established gene pooals, enhancing intrapopula-
tion and reducing interpopulation variability.'™2*

When human migration is not a movement into previously empty space,
it involves the invasion of ather people’s lands, In terms of its effects on
the local gene pool, we may distinguish those cases invalving the exter-
rination of the lecal population {and hence a replacement of one gene
pool by another) frem those where the aim is to subjugate the locals and
use them as a workforce. In this second case there is coexistence bebwaen
groups, which allows a small trickle of genes to pass bebween Ehe bwo
groups, despite the social barriers separating one poaf from another.
This genetic exchange typically occwrs from the congueror’s to the con-
guergd’s pool 28

Several invasions played important roles in shaping the composition of
European gene pools. Luigi Cavalll Sforza has discovered in the distribu-
tion of genetic materials in present-day Europe an almost circular pattern
of some of its components, with its center in the Middie East. After ruling
out the hypothesis that selection pressures could have generated this
clrcular gradient (there does not seem to have been enough time far this
to happen spontanecusly), he has concluded that it was produced by
an ancient invasion, which brought agriculture from its place of origin i
the Fertile Crescent to the European continent then inhabited by popula-
tions of hunter-gatherers, The long- and widely held belief that agricul-
ture was intrinsically superior to hunting and gathering, and hence that it
had spread by the diffusion of ideas, has been largely refuted by recent
rasearch.® The old way of cbtaining food was as efficient as the new one,
=0 agricuiture could not have won over the European population because
ol its intrinsic supericrity; instead, invasion and replacement of same
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lecal populations plaved a key role in spreading the new economic system
across Ewrope. Sforza's computer simulations, howewver, indicabe that to
generate the circular pattern we need to allow some accufturation of the
remaining hunter-gatherers, invalving both cross-marnage and adoption
of the new technology.

Afthough some aspects of culture, the least normative and binding, do
travel fraely from mind to mind (and from culture to culture), other aspects
imore central to a society seem to migrate alongside its genes, According
ko Storza, languages are & good example of cultural materials that are
spread through invasions. Linguistic nerms de net diffuse easily frem cul-
fure to culture {with the exception of individual words), 0 local languages
are gasier to kil by sliminating their speakers than to change by local
adoption of foreign norms, Another portion of medieval Europe’s gena
pool was contributed by Indo-European invaders whao brought genetic and
linguistic materials to the continent and exterminated many local commu:
nities and languages,

Medieval European gene pocis were also affected by the cosxistence
of (and gene flow between) different pools. (The expansion and retreat of
the Roman Empire and the gene flow betwean Latin and Germanic pools
belong to this category, as do the genes that arrived with the Mongol and
Moor invasions, and those spread by the Jewish Diaspora.®? The inten-
sity and form of this gene flow were, in turn, affected by cultural institu-
tions: the degree to which marriage occurred outside the group {the
degree of exogamy) or the distribution of marriage distances (longer for
urban than for rural mardages), for example.2? In consseguenss of the
various patterns of migration through Evrope over the millennia, the enti-
thes we designate as “races” today are simply the historical outcomes of
these hamogenizing genatic flows, and racial groups are differentiated
only by their "cuter shell™)

Britons, 5o conscious of their race, are, in fact, an amaigam of the Beaker
Folk of the Bronze Age, the Indo-Eurcpean Celts of the first millennium
.., the Angles, Sexons, Jutes, and Picls of the first mdlleanivem A0, and
finally the Wikings and their parveny grandchildren, the Mormans....
[Hence] the notion that there are stable, pure races that only now are in
danger of mising undar the influance of modern industrial culure is
nonsense. There may indeed be endogarmous groups, largaly biologically
izolated by geography and culture from their neighbors, such as the
Pygmies of the [turl Forest, bat thesa are rare and not perfectly isolated in
amy avent,
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Another crucial role migration plays’in urban dynamics affects l2ss the:
composition of o city's gene paol than the vital processes of the city tham-
selves. Medieval towns, and indeed all cities up to the late nineteanth
cantury, were not self-reproducing entitees. That is, they did not repro-
duce their population by simply combining the flow of biomass from the
countryside with the genes that had accumulated within their walls. Death
rates in urban centers excesded birthrates for many centuries (mortality
rates amang infants and the poor were espedally high), so cities were
always in need of migrants from the countryside, Sixteenth-century Lan-
don, for example, needed about five thousand rural migrants a year,30
And, of course, since many of these immigrants were poor, their snortality
rates (and even more 50, their children's) increased the mament they
passed through the city gates, which explains why towns were commaonly
referred Lo as “death traps.” “Yet towns, particularly smaller central
places (as opposed to ports, prote-industrial clities, or great capitals), were
by no means always death traps. ... Infant mortality, the key companant
in parmal timeas [has been caloulated to be] egual for rural areas and
smaller markat towns: 25 to 33 percent of the children up to five years,
a5 opposed to 40 percent to 50 percent in larger cities."®

Iri the nineteenth century, improved water treatment (and other sanita-
tion policies) and mutual adaptation betwesn humans and microocrganisms
began to reverse the trend and urban birthrates climbed above death
rabes, But before that (and in many places, a long time afterward) towns
were as dependent on rural areas for the influx of genes as they were for
the influx of food. Genetic materials from rural gene pools did not, of
eaurse, milx freely with those of the city's own gene pocl (1.8., the genes
of legitimate citizens of the city, who could transmit their rights and oblig-
ations to their progeny). Rather, the two pocls coexisted and exchanged
small lows of genes. For instance, a typical way of gaining citizenship was
to marry a citizen’s daughter (hence injecting cutside genes); and, of
course, citizens’ genes found their way ilegitimately into the migrant pop-
ulatlon's pool.

This brings us te the guestion of the social structure of urban centers.
S0 far we have described urban ecosystens as pyramids i which shart-
ered food chains redirect all energy toward the apaex, butl the existence
of social classes implies that the apex itself has a hierarchical structure;
that is, it is divided into several aiches arranged in ranks, Niche 5 the
term used by ecologists to define the position of a given species ina food
web. It takes into consideration the energy used in searching cut and
obtaining food, as well as that spent in avoiding being eaten. Each
species has its own pecullar way of performing these bwo tasks, and
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thesa behavioral and physislogical adaptations define its "job,™ or niche,
in an scosystem. The ecologist Paul Colinvaux has proposed that, to the
extant that different social classes do not have equal access to differant
types of food (and other energy rescurces), they might be said 1o be
social nickes.®® In the Middle Ages, for instance, many peasants survived
of B monotonous diet of bread, gruel, reots, and cooked tubers. They had,
in Colinvaux's terminclogy, a very narrow niche. The elites, on the other
hand, whether feudal or urban, had access to a Farger variety of food-
stuffs, including large quantities of meat and luxury items (e.g., spicesh
Thay had a widle niche, In reality, of course, things were more complax
and changad ower timae,

Collnvaux’s general point, howevar, seems to apply regardiess of chang-
ing histarical details. He argues that, just as wild animals must adjust the
timing and gquantity of their reproductive cutput (e.g., bresding season
and clutch size) to square with the resources available to them, o, too,
must humans, In particular, he argues that there is a close relationship
betwaen niche width and number of offspring, Peasants and the urban
poaor, particularly recent immigrants, lived in 8 penuriows but inexpensive
parrow nlche, so their reproductive "celoulations” led them to conciude
that they could afford many children. Wealthier classes, on the other
hand, desircus of raising wide-niche children, "ealdulaled" that they could
alforg fewar progemy. 3

This line of argument corresponds with the populational phenomenon
known as the "demographic transition”! the more urbanized a given ocl-
ety, the lower its fertility rate. As a genaral statistical phenomenan, this
transition dates to the end of the nineteenth century, but there iz some
evidence {from cities such as Geneva and Venice) that wealthy classes in
the West limited their reproductive ocutput long before that, "Although
here the picture is particularly uncertain and complex, it may be that
urban dweallers were the first in large numbers fo restrict family size with-
In marriage, as well as to shape desired family size to econormic cirgum-
stances,”® Many additional factors must be brought to bear to make
Colinvaux’s model more realistic. The inherent uncertainty of the pre-
industrial urban environment, particulardy the high infantmortality rates,
made it hard to calcultate even a satisfactory family size. People had to
produce extra children as insurance against famine and disease, and in
the case of farmers, as potential economic contributars, Moreover, there
were collective mechanisms of population control:

Freindusirial western Eurape exhibited one siriking and aberrant character-
istic. While population did tend to grow in the presence of abundant land,
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the rate of increase always remained maoderate. The fertility -:;.pte:, lower
than in othar sociaties, indicate the prasance of preventive checks $o births,
These chacks were communal rather then individeal, and amaunted o 3
Europaan system of social control of fartility. The most commen mode of
contral in western Europe was to impose secic-economic conditions on mar-
rigge: & tenancy or guild membership for the groom, an appropriate dowry
for the bride. A5 a resull, peopde were often forced to marry late and many
rermained single throughouwt life because they could not achieve an indepen-
dent situation. 35

The changing rale of warmen in medieval society is another factor that
must be added to Colinvaux's model. Recent studies of the demographic
transition In modern times make it increasingly clear that a widening of
women's niches is as important as urbanization in inducing this bifurca-
tion in the Third World. Women's access to education, contraceplives,
and jabs (that Is, any expansion beyvond the narrow niche of “breader™),
as well as increased decision-making power In the process of family plan-
ning, is a prerequisite for the transition.® To the extent thal wormen ang
forced o exist within narrow niches, gender distinctions are very much
like class or caste distinctions. That s, reproductive strata are also hiar-
archical structuras, only on a smaller scale, since familial hierarchies
extat within saciceconomic anes.

In the previeus chapter we noted that hisrarchy building consists of
two distinct operations, a homogenization performed by a sarting
process, followed by & consolidation through coding into legal, religicus,
or ather farmal regulations. This is not, of course, a strictly sequential
process: in practice, even after a code has been established, new sorting
operetions continue, alongside or even against the regulated routines.
Beproductive niches (or strata) may be seen as the result of such a hier-
archy-building process. The initial homogenization is performed on mate-
rials supplied by the biclogical substratum. Some of the traits that are
genetically determined in & simple way {raw-milk digestibility, malarial
resistance) exist as sharp dichotomies Gan individual either possesses the
trait or doas not), while traits determined by the interaction of multiple
ganes (or pairs of alleles) form 2 more or lass continucus statistical distri-
bution. The ability to bear children s of the first type, while most of the
secondary sexual characteristics (the onas used to define gender roles)
are of the second type, Conseguently, with respect to the important cakbe-
gory of secondary sexual characteristics, genetic materials create two
fuzzy statistical distributions {one for males, the other far females) with
an area of gveriap.d?
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‘When we campare these ovariapping fuzzy sets with cultural defini

Y thans of gender, in which reified essences such as “rationality” ar “emo-

tionality" are sharphy dichotormized, we can be sure that a8 homogenizing
operation has taken place, For example, women have traditionally been
denied fighting (or even self-defense) skills, in comparison o biclogi-
cally wital functicns such as giving kirth and taking care of children {as
wizll a5 making biomass edible, by grinding, sozking, cocking, and fer-
menting), fighting may not $eem 5o impartant, ab feast not before state-
diracted wars of conguest began to yield rich spoits, But fighting skills
wiere crucial; their exercise gave people access to certain roles {the war-
ricr) that were sources of prestige and status, Simply in terms of physical
streangth, women at the vpper end cf the scale, falling in the area of over-
lap, would have been zuperior fighters in comparisen to mean located at
the bottorn end of the male scale of physical strength, and yvet these
“genetically endowed” potential famale warriors were excluded froem the
prestigious role.™ Moreover, because physical strangth can be amplified
by training, exclusion meant that the overlap area was arfificlally reduced
I Size

Biology can Teed back anto hiolagy through sacial distinctions: Tar horrmanal
resons, wormen, an the aeerage Chut only onthe average), hawe a different
proportion of muscle ta fat than men, and this has the consequence that
women, on the average (but only on the average), can exert somewhat less
piysical force on abjecls, The division of later Bebween men and women
and the division of early fraining, activity and attitude cause a very consid-
erable exaggeration of this small difference, so that women become physi-
cally weaker than men during their develapment ta an axbant far in excessy
of what can ba ascribed to hormaonas.

Im medieval Europe, &85 the histerian Edith Eanen has shown, this exclu-
sion from the rale of warrior preserved the age-old function of "guardian-
ship" as the exclusive domain of the father or pther male meambar of a
patriarchal family. In a sense, the function of this instifution {and other
related ones) was to control the flaw of senes, by means of asymmeatrical
regulations regarding infertility, infidelity, and cwnership of offspring. It is
impartant, hewever, not to view reproductive strata a5 static entifies, but
to focus instead an the dynamics of their defining borders, Ennen writes
of the shifting borders of medieval women's rolas:

In the histery of wormen in the Middla Agas thare are constants and
changes—and there (= permanence within the changes. The most powarful
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constant: woman as the rich heiress, woman as E-ea.re: of sucressors and
heirs, This i true for monarchs and - peasants, nobles and burghers, Thea
higher the rank, the more important this “function”, the value of which, for
the lzrtile and the pregnant woman, is calculated in money terms in the
wergngald-regulations of the Frankish leges [Germanic tribat law]. The sur
vival of the dynasty depends on her®?

Ennen goes on to point cut other constants, most importantly, the preser-
vation of the function of guardianship, But Ennen also observes that
wormens niches wera considerably broadened by the advent of urban lite
and by the slow replacement (in northern Europe) of Garmaric law by
Christian codes, Prior to this millenmum, a marriage contract was
ertered inte by the groom and the woman®s guardian; by the year 1030,

a woman's consent was required in England. By the twelfth century, the
legal principle of marriage by consent was fully established, and imposed
rarriages were barred, at least in theory® In many cases, of course,
family politics still detarmined whom daughters would marry, sines advan-
tageous marriages were ane of only a few means for 3 family 1o rise
socially, Dut Some medioval wormen did acquire a degres of freadom in
shoosing a husband.

Inmedieval towns women's niches were widenead in a variety of ways,
Wormen scquired a relatively high degree of commercial independence {in
fact, wamean ware mora thoroughly excluded from comnmerce i the nine-
te=nth century than they were in the late Middle Ages®®), and benefited
from changes in the law of matrimonial property as wall as ininheritance
lawes with respect to wives and daughtars. Males and females also
becarmne eqgual in citizenship rights, although not in political parbicipation:

In this way [throwugh improved fegal status and heraditary rights] women
galned a share of civic freedom. In many civie legal codes, e.g, that of Bre-
wnen daling from 1186 and af Gtade from 1209, the husband and wite are
both explicitly mentionad in the important article which states that any per-
son who lives in the town under municipal 2w lor a reasaonable period is
ree. Wornen Swear the civic oath and are entered in the register of citizens,
The wife's share of the civic rights of her husband continues In full after his
death. ... Hewewver, the sourees da nat indicate that woemen plaved any part
in the gaining of these frecdoms, and those whe fought for them were not
concerned with the emancipation of women in the modern sanse. The
medieval concept is not based on the notien of a parsonal sphere of free-
corn; itis seen in corporate terms, and it is the freadom of the citizenry as
a whaie, the bown community, that s pursued. 43
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: Mud'rwa.r Eurcpean towns were not only isclated as ecosystams (heat
islands and facd-web isfands) but theair walls made then slands ina cul-

© tural sense, places where certain privileges could be exercised, where the

ald feudal restelctions could be relazed, where new niches {&.8., a middie
class) could be created. Unlike individual serfs wha were bound tooa given
manor and its landlord, urban citizens had no such individual cbiigations,
although cities as a whole did owe dues to bisheps, counts, or Kings. The
relative autonomy of towns, which varied from place to place, bended to
be raflected in the institutional norms and rulas that stowly accumulated
within their ramparts. |f after some period of residence a town adoptec
a runaway serf, these institutional norms replaced his or her own alle-
giance to a lord, and this made the medieval town “a veritable machine
far breaking up old bonds.""# This does not mean, of course, that rural
immigrants were not drawn almost immediately into other pyramidal
structures. In Bravdel's words, "the peasant who uprocted hemself from
his tand and arrived in the town was immediately another man. He was
free —or rather he had abandoned a known and hated servitude for
another, not always guessing the extent of it bafore hand, "2

The urban intensification that peaked by the fate thirteenth cantury
created many opportunittes for such escapes, While in 1050 a8 runaway
peasant had nowhere Lo g0, Since owns wers several davs from each
cther, by 1300 most towns were only one day apart. More importantly,
while in 1080 towns were surrounded by forbidding forests which acted
as barriers b migration, by 1300 these forests were beginning Lo disap:
paart® But what was beneficial frorm the perspective of migrating peas-
ants was potentially catastrophic for the urban centers themselves, In
i and a halt centures, owns and their supply regions had growen at the
expanse of the biolegical meskwork within which they had evolved. The
ecosystemn was greatly homogenized: many parts of the forest had been
cleared and aither corverted into agricultural fand or simply destroyed
and wusad for fuel or construction materials. As one author puts i, urban
expansion was bought on credit, using as collateral the continent’s nat-
ural Fesolrees, Atter 1300, nature foreclosed and Europe faced its first
acological crisis of the millennium. Prior to the fourteenth century, most
famines were localized, which meant that regions whose agricultural
production falled could impoert biomass from nearby areas. Bub after
1200, general famines became commaon, one of the most severa of which
struck in 1315 and lasted several years.®?

Deforestation of mountain slopes led to erosion and the joss of fertile
soil. Although s=ome of this soil accumulated in the valleys below, increas-
Ing their fertility, deforestation intensified the frequency of floods, leading
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to furthar soil loss and destruction of crops. This happenad, for instance,
i certain regions of the Upper Rhine Valley.38 Saoil loss due to careless
exploilation of the forests’ resources, particularly the transformation of
steep stopes into agricultural fland, has been a constant threat 1o arban
centars throughout history, In fact, seme historlans postulate that urban
life bagan in Egypt and Mesopotamia precisely because the land there
was flat and hence not subject to-erosion and soil 1955, They calculate
thiat most other urban civilizations woere able to pass their genss for only
seventy ganerations before they ran out of =0il.*® Even though methads
of preventing erosion were known from the times of the ancient Fhaeni-
cigns (terracing lechniques, Tor example), many urban herarchies in the
past failed to implement such knowledge. This is another exampls of the
practical limits of bounded raticnality, and proof that, although some
raterial and energy flows can be “socialized"” (ie., submitted to cultural
controf), in practica many are not.?0

In addition to deforestation, the fourteenth-century ecological crisis
invalved disruptions b the simplified (hence unresilient) ecosysterns
with which cities and their regions had replaced the forest. By shortening
faod chains, human populations acquired control over nutrient cycles,
For instance, cattle and certain crops went hand in hand: the manure of
the: cattle, which were raised on cerdals, could be plugged back into the
syskem as fertilizer, closing the nutrient cycle. In itzelf, this ightening of
the cycles was good, Indeed, ecosystems spontansously shorten their
nutrient cycles as they complexify. A highly complex system such as a
rain forest runs its nutrients so tightly. via elaborate microfiora and micro-
fauna in the tree roots, that the soll is largely deprived of nutrients.
This i% one reason why the destruction of rain lorests is so wastelull the
soil left behind is largaly sterile. The temparate forests of Evrope, on
the gther hand, do run thelr nutnent cycles through the soil, and there
deforestalion leaves a valuable reservoir behind, Butl when Europeans
replaced this ecosystem by taking control of the cycles themselves,
unforesesn glitches disrupted the system. For example, as seme agrioul-
tural lands specialized, and cattle were sent to the highlands to graze,
the manura cycle was broken, leading to a loss of soil ferility, ™

Components of the ecasystem which lie outside social contral, such
as the climate, also contributed to the ecalogical crisis, Worldwide comling
trends seem to have afflicted the fourtaenth and saventeenth centuries.
Braucdel notes that even civilizations at great distances from one another
(&, Europe and Chinad may have bean connected by glebal chimate
changes that affected the vield of their harvests and hence the fates of
their populaticns, Thers s seme evidenss that the cycles of population
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growth and dechine in the Far East and the Far West were synchronized
before the sighteentty century; given the relatively low intensity of com-
mercial contact between East and West, global climate rhythms would
seem to be the missing link:

f general cosling-down process occurrad in the Morthern hemisphere in the
fourtaenth century. The number of glaciers and kce-floes increased and
winters became maore severe. One historian suggests that the Vikings' route
1o Amnerica waos cut off by dangerous (ce at the time. Another thinks that
sarme dreadful climatic drama finally interrdpted Europaan colonization in
Greeniand, the evidence being the bodies of the last survivers found in the
frozem earth,, . . Simnilary the “little ice ags” . . . during Louwis XIS réign was
miore a tyrant than the Sun King. Everything moved o its rhythm: careal-
growing Eurcpe and the rice-fields and steppes of Asia. ... All this gives
additions! meaning 1o the fluctuations of material life, and possibly explains
their simultaneity, The possibility of a certain physical and biclogical history
commoen to all humanity before the great discoveries, the industrial revolu-
tion or the inferpenatration of economies, =

There was another component of urban ecosysterns that defied higrar-
chical contral by human cultures and linked the fates of East and West:
contagious disease. As we saw, urban ecosystems on both sides of Eura-
sia {and in many places in befween) were epidemiological laboratories
where animal diseases evolved inte human ones, and whare the density
of population was intense enough to make the disease endemic, that is,
to allow it to subsist in more or less stable cosxistence with its human
hosts. Many of the childheod diseases that afflicted medieval Europe had
Been Cmanufactured” one or two millennia eaclier in the four separate
"laboratories” that had emerged by classical timas (the Medilerrangan,
the Middle East, India, and China). Smatlpox, for instance, may have besn
brought 1o-the Roman Empire by soldiers refurning Irom a campaign in
Mesopotamia.® Although each of these centers evolved separately for a
while, as the intensity of trade (or warfare) between them intensified,
they became Interconnected.™

The long caravans that continuously travarsed the Silk Road and the
intense maritima commerce atross the Indian Ocean had emearged as
the mmain communication channels connecting the different disease pools.
Microorganisme traveled with silk and other geods through these channels,
which were sustained by military power, habit, and reutine. The acceler-
ated urbanization of Europe a thousand years later and the consequent
astablishment of regular land and sea routes for commerce had 2 simiiar
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effect at a smaller =cale, joining the ‘wities along the Mediterranean coast
with the brand-new Sities in the north into a-single digease pool.™ Thesa
homaogenizations of the microscopic component of urban ecosystams
had a beneficial effect: had the disease pools remained isolated, any con-
tact bebwaen them would have unleashed explosive spidemics,

Howewver, urban populations were not alome in festering endemic dis-
egseg, Wild animal populations, too, harbored colonies of microhes, and
contact belwesn thase animals and humans could have catastrophic

results. That is what happened in 1345, when the bubonic plague was un-

leashed on Europe. The plague baclilus (Pasteureily pestis) had become
endemic among underground populations of rats and fleas at the foot-
fills of the Himalayas. The expansion of the Mongol Empire, which con-
varted the ald low-intensity trade routes into a complexs netwark of
caravansanes extending into the northern Evrasian steppes and connect-
ing China with Euwrope, had created naw disease channels, both for
Rumans and far rats:

What probkably happaned between 1331 and 1346 .. was that as plague
spread from caravanseral to caravanserai across Asia and Easlern Eurape,
and rreoved thases inte adjacent human cities wherever they existed, a par-
allel movermnent into undarground rodent “citias” of the grasslands alsc
oocurred. In human-rat-flaa communities abaove ground, Pasteoralla paslis
remainad an umwelosme and lethal visitor, unable to establish permanent
gt Becavse of the immunity reactions and heavy die-off it provoked
among its hosts. In the rodent burrows of the steppe, however, the bacillus
found a perrmanent home. ., Before the Black Death could strike as it did
[in Europe], two more conditions had to ba fulfilled. First of all, populations
of Dlack rats of the kind whose fleas ware llable to carry bubonic plague to
humans had o spread throughaut the Eurgpean continent, Secondhy, a nat-
work af Shipping had to connedd the Mediderranean with nertharn Europe,
=oas to be able to carry infactad rats and fleas ko all the ports of the Canti-
nent. Wery likaly the spread of black rats into narthern Europe was itself a
result of the inlensification of shipping contacts betwaen the Mediterranean
ard northern ports,=*

Hence, the same intimate conrtacts that had made madieval cities into
a single disease pool, which prevented their contagicus diseases from
becoming epidemic, now worked against them by allowing cross-border
contact babwesn urban populaticns and disease-carrying rats and fleas,
which spread the plague rapidly across Eurcpe. According to Willlam
McMeill, it took about 100 to 133 vears (five or six hurman generations) for
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the g':nlajgue.tu become endemic.® Mevertheless bacause endemic aqui-
firium may be cyclical, localized epidemic putbreaks of varying intensity
g‘:;.ntlriuad until at least the elghteenth cantury. In the first massive oul-
break (1346-1350), about a third of the European population was con-
surned by the plague. Subseguent waves were almost as lethal, and it
saemied a2s f urban and rural Eurape were being digested from within by
weeds {rats, fleas) and their microparasites,

The social conseqguences of the intensified mortality rabes were nurmer-
ous. The peasantry and working classes benefited in the sense that the
sufvivors found themsalves in g warld with asute labor shortages, not to
mentian the fact that the survivors inherited the possessions of thosa
eatan by the plague, Wagses increased, broadening workers' niches sig-
nificantly. These might be described as Pyrrhic benefits, howeaver, since
the urban and rural poor sustained the vast majority of casuaities, The
rich wauld abandon & city at the first signs of apidemic, while "the poor
remained alone, penned wp in the contaminated town where the State fed
them, isclated them, blockaded them and Kept them under chserva-

‘tion." 58 Mot only the inhabitants but the cities themselves "died,” since

many of those who plaved key reles in government and commerce fled
and key urban functions {business and legal activities, religrous services)
ceased operating.

Daspite a general dereliction of duly, government hierarchies did
respond to the challenge, through a variety of meathods, including quaran-
tines, surveiflanes, inhalants, disinfection, blocked roads, close canfineg-
ment, and hezalth certificates,®* Planned response, however, ramainad
ineffectual, not only because of the limitatiens of bounded rationality, but
also because the cause of the plague (a bacillus) and its methed of conta-
gion {rats, fMeas, humans) defied human comprehension until the late
nineteenth century. Mevertheless, in the eves of the survivors, secular
authorities had at least made an effort o fight back, while ecclesiastical
hierarchies had remmained powerless to cope with the emargency. In the
aftermath, the authority of the church emerged damaged (anticlericalism
intensified) while secular hisrarchies were strengthened.® In the end,
howevier, ib was not any planned response that stopped tha plague, but a
trial-and-error accommeodation Lo ik

There were other secial consaqueances of the plague. Afler ach SUCoes-
sive epidemnic wave had passed, the gene flow between classes increased
i intensity. Cities found themsehves depopulated and lowered their stan-
dards for citizenship. Venice, normally very closad to foreigners, now
granted free citizenship to anyone who settled there for a year™ Social
maobility increased, as surviving elites needed 1o raplenish their ranks
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with frash blood. Refationships among cities altered because of t_ﬁe.u Sror-
micls demographic shifts wrought by the plague. The eventusl ernergérim
of Venice as the core of the Nebwork system was in no small measure a
congequence af those dermographic changes o8

The Black Death struck a European population that was already alflicted
by an ecological crisis of its own making. Although the deforestation that
precipitated this crisis was the product of intensified urbanization,; we
should distinguish a variety of roles played by different types of cities.

The cities of the Central Place systerm —that iz, landlocked hisrarchises of
towns of different sizes —dleared their forests for farmland, for the reser.
voir of nutrients that the temperate forests’ soll contained, The gateway
ports of the Mebteork systerm, on the other hand, marketed the indi-
gestible biomass of the forest (wood) as fuel or construction matearial for
ships. More accurately, the varicus reglonsa that gave birth fo the maritime
matropolises of Europe rose to prominense by explaiting three different
resarvairs: timber, salt, and fish.® While some Central Place hierarchies
exterminated their forests with almest refighous zeal {in some cases using
specialized monks who thought of every acre cleared of demon-infested
forast B= an acre gained for God®), Metwork-system gateways had a more
managernal attitude toward their reservoirs.

There were, of course, mixktures. 3ome Central Place cibies, such as
Paris, housed higrarchies that viewed their forasts as renewable resources,
French forasts were stabilized in the sixtesnth and seventeenth canturias,
partly by decree (the great ordinance of 1573 and the measures taken
by Colbert) and partly becauwse the remaining forest Soils were oo poar to
exploit ¥ Nevertheless, there were important differences bebtween metrop-
elises and capitals as ecosysterns which influenced their relationships
to the flow of biomass, edible and inedible, Many af the seaports —and
cartainly all the ones that served as core of the Network system before
the nineteenth century (Venice, Genoa, Amsterdam)—were ecologically
deprived places, incapable of Teeding themselves, in this sense, they wera
all like Amalfi, a small Mediterranean port whose hinterlands were largely
infertile, but that at the turn of the millennium had served as & gateway
to the dynamic markets of Islam and had played a key role in the reawak-
aning of Europe.

Like Amnalfi inits hollow among the mountaing, Wenice, seatbersd over Sicly
or soislands and islets, was a strange world, a refuge perhaps but hardly a
convenient ane: thers was no resh water, no food supply —anly salt in
abundanca, ... I5 this an example of the tewn reduced to bare essentials,
stripped of everything not strictly urban, and condemned. in ordar to sur-
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vive, 1o obtain sverything from trade: wheat or millet, rye, maat on the
hoof; cheese, vegetables, wine, oll, imber, stong—and even drinking water?
Vanica's antire pepulation lived cutside the “primary sectar™ . [her] activi-
tigs all fell Inta the sectors which economists would nowadays desaribe as
secondary and tertiary: industry, cormmearce, services 67

The same is true of Ganoa, which was the financial capital of sixteenth-
century Europe: tha city arcse on a small strip of land surreundad by
mauntains barren of trees and even grass.® The extreme poverty of the
lands an which the Italian maritime metropolises were built was partly
due to the soil depletion caused by pravious Intensifications, |n many
regiens in and arcund the Mediterranean where production had been
intensified a thousand years earlier to feed the cities of the Roman Empire,
wrosion had long since removed the fleshy soll and exposed the underfy-
ing limestone skeleton. According to some historians, onky the sail north
of the Po Valley had been spared this destruction, and these were the
lands that later fed medieval Europe. The reglons that had been the stage
of barbaric invasions and war after the fall of the Roman Empira had alse
recovered their fartility by medieval times, since military turbulence made
continuous intensitied agriculture impossible. 5 Bul the land on which
towns like Venlce, Ganoa, or Amalfi grew still bore the scars of caraless
intensification. Thus, altheugh many cities in the fourteenth centu ry{eg.,
Flarence) were already importing grain from far away, towns such as
Wenice and Genos were, from the start, condemned to trads to mainkain
their lifeline,

There are other interesting differences between Central Place and
Metwork cities in this respect. Although the former were hetter srdowsd
ecologically, even for them continuous growth entailed intensification and
hence depletion. At some point, either trade or invasion became neces-
sary to tap into the nutrient reservairs of ever more distant solls, While
cities belonging to territarial states invaded ather peoples’ lands, gateway
ports penotrated their markets. In other words (and alfawing for complex
mixtures), landiocked capitals took over fertile lands, at times giving
birth to a landlocked colonial city on foraign soil and redirecting the flow
of biomass to the motherland. Metropalises, on the other hand, taok over
sirategically located albeit barren pieces of rock in the middie of the

acean, e control the trade routes that connected Europe to lucrative for-
eign markets. As Bravdel says, “In order to control the large expanses in
question, it was sufficiant to hold & few strategic points (Candia, captured
by Venice In 1204: Corfu, 1383; Cyprus, 148%—or indeed Gibraltar, which
the British took by surprise in 1704, and Malta, which Lhey captured in
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1800} and to establish a few convenient monopalies, which then had to
be malntained in good working erder —as we do machines today." &

From these strategic places a naval power could control the Mediter-
ramean (and the markets of the Levant) and, hence, the trade lifaline of
the regien, From likewise ecologically poor stronghalds on forelgn Goasts,
or frem foreign gateway clties, Eurepean metropolises acquired contral of
faraway markets in India, China, and the Levant. From these entry points,
they captured and redirected a continuous flow of luxury goods (spices,
for example), with perhaps negligible nutritional value but capable of gen-
erating extraordinary profits. It is true that some gateways alza engaged
in the colonization of nearby lands for their soils, as when Yenice took
control of the [talian maintand arcund it {including the towns of Padua,
Verona, Brescia, and Beragamo) in the early 14005, But even there, the
land was soen used not to feed the city, but to raise cash crops-and live-
stock for the market. Amsterdam, ancther ecologically poor gateway port,
and its sister cities in the United Provinces shaped their limited holdings
of fertile land Into an efficient agricultural machine, though it, too, was
oriented toward external markets.” In many respects, these Metwork
cities ware not tied to the land and exhibited the kind of weightiessness,
or lack of inertia, that we associate with transnational corporations today,
Iz it any wonder that maritime metropolises such as Genoa ar Venice
(a5 well as those regional capitals closely connected to therm, such as
Florence or Milan) were the birthplace of many antimarket institutions?

Braudel invites us to view the history of the millennium as three sepa-
rate Tlews moving at different speeds. Onoone hand, we have the life of
the peasant population, more or less chained to the land, whose customs
change with the viscosity of lava: Corn, which fed Europe, and rice,
which ted China, were tyrants that ferced on the peasantry & rigid adher-
ence to well-worn habits and routines and a closed cycle of production.
This is what Braudel calls "material life,” the know-how and traditional
tools, the inherited racipes and customs, with which human beings intar-
act with piants to generate the flow of biomass that sustains villages and
towns. This body of knowledge resists innovations and hence changes
very slowly, as if history barely fiowed through it. One historian suggests
that ene needs observational timescales a millennium lrgz to understand
the agrarian structures of [taly. " The peasant masses are, in a sense,
like the assemblage of flora at the base of natural ecosystems, an imme-
bile ¢ngine that creates the energy which makes everything around
tham mowe,

Mext comes the world of markets and commercial lite, where the flow
of history becomes fess viscous. Braudal calls market towns "accelera-
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tors of all historical time, "= Although peasants somatimes came Lo the
city market of their own accord, more often than not they were forced

ko came, and to that extent we may say that towns fed on them, or parts
of them, much as an herbivore does, S0 above the bottom layer of

material life

cames the tavoured terrain of the market economy with its many b
zonial sommunizations betwaan the different markets: here a degres of
automatic coordinatian wsually links supply, demand and prices. Then
alangside, or mther above this layer, cormes the zong of the anfi-market,
where the great predators roam and the law of the jungle oparatas. This—
tackay @5 in the past, before and after the industrial revclution—is the real

home of eapitalism, ™

This |5 the layer of maximum maokility, where large amounts of financial
capital, for example, flowed contlnuously from cne highly profitable area
to another, defying frontiers and acoelerating many historlcal processes,
In summary, eccording to Braudel, the European atonomyy comprised
thres spheres or lavers: the inertial peasant layar, which was the source
of bivmass flow; the market economy, which set surpluses into motion by
means of the flow of money; and the antimarket, where money detached
itgelf from biomass, becoming a maobile mutant flow capable of investing
in any activiby that intensified the preduction of profits, This ultimate
layer may be properly callad "predatory™ to ¢émphasize s nencompetitive
and monopalistic (or oligopolistich nature. Antimarkets, of course, coax-
isted with ather predators or as MoebMeill calls them, “macroparasitas™? ),
such as central states and feudal hierarchies, which also derived their
sustenance by tapping inkto the energetic flows produced by others, via
taxes, rents, or forced labor

Thase hierarchies {all urban in the case of medieval [taly) sometimes
metamaorphesed from one fyoe of macroparasite inte another, Wealthy
merchants and finangiers, for instance, would retire from business and
buy land, sacrificing their mobility in hepes of acquiring access o the
anstocracy and the opportunity to spread their genes across class barri-
ars, Mable landiords, on the other hand, would sometimes take advamn-
tage of their monopolies of sail, timber, and mineral deposits to play
antimnarket roles, elbeit lacking the rationalization and routinization that
characterized big business, More often than not, however, these noble-
men collaborated in the transfer of surpluses Trom agrcultural regicns,

Ag Eurepe's urban ecosyatams expanded and multiplisd their inter.
connections with ene ancther, they became not only a single disease pool
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but a single economy as well. Soon the aimple-rﬁatiﬁnship béh.-dnn.a'citl.r_.

and its surrcunding supply 2one of small villages was laft behind (at least
outside the lower ranks of Central Place hisrarchias), and many large
towns began to draw their nutrlents largely from a single, vast source,
replicating on a huge scale the original parasitic relationship the individ-
ual cities had with their countrysides. In other words, during the six-
teenth century Europe began colonizing itself, transforming its eastern
regions (Foland and other territories east of the Hamburg-Vienna-Venice
axis) inta its supply zone. As with all such peripheral regions, their rela-
ticnzhip to the core that exploited them was mestly negative: their own
market towns 1051 vitality, hostility to innovation increased, and barriers
between classes hardened. The result was that, unlike small towns in the
migddle zoma which could trade with ene ancther and eventually shake
their subordinate position, these peripheral areas were condemned to a
permanent state of backwardness.:

In the case of Eastern Europe, 15 reduction to colomial status was
brought about by the actions of several hierarchies: the local landiords,
wha infensified their macroparasitism to an extreme (six days a week of
foerced labor was not uncamemen for geasants), and wholesalers in cities
such as Amsterdam who preved on the landlords themselves, manipu-
lating supply and demand through warehousing and sdvanced purchases
from producers.™ As this internal colonlization was taking place, Europe
wat beginning to develop a core-periphery relationship on an even larger
scale, this thme at & global level, Spain and Portugal, whose sails had not
recovered from the intansification of the Roman Empire, spearheaded
the conguest of lands across the Atlantic, the conversion of Americs inta
a continent-wide supply zeme.

Medieval cities had attempted a first round of foreign colonization
centuries eartier, at the time of the Crusades, but this earlier effort
had lacked staying power. Despite the hundreds of thausands of Eura-
peans wha Bad been mobilized for the Invasion of the Haly Lands,
Europe's colonies abroad (Edessa, Antiech, Tripoli, Jerusalem) had
promptly returned to Islamic contrel. Much as population density was
the only means Lo maintain the dominetion of urban over forest aco-
systems (drops in population allowed the return of banishad plants and
wolves), here, too, densily was needed to sustain a European presence
on forgign soil, And yveb, as one historian puts i, despite the criginal
massive transfer of people, Europe “lost the propagation game.™ " In
addition, there was ancther great biological barrier to the success of the
Crusades —rmicroorganisms:

130

- BRMUGICAL HISTORT: I000-1700 A0

When the Crusaders arrived In the Lavant, they had to underga what British
setilers inthe Morth American colonies centuries later called “seasoning'™;
they had to ingest and baild resistance to the local bacterial flora. Thay had
o survive the infections, work out a modus vivendi with the Eastern micro-
life: and parasites. Tham they could fight the Saracens. This period of sea-
soning stole time, strength and efficlency, and ended in death of tans of
thousands. It is [ikely that the disease that affected the Crusaders the most
was malaria. .. . Crusaders from the Mediterranean . .. had broughit with
therm a degree of resistance to malaria.. .. Unforfunately for [them], & per-
son immuneg e one kind of malaria is not immune bo all, and immunity to
malaria iz not long-lasting, 7

zenes that provide resistance to malaria (the sickle-cell and beta-
thalassemia genes) existed in the southern European gene pocl, but they
wers rare in the north, Consequently, Crusadars from France, Germany.
and England were devoured from within by the particularky virulent malar-
ial strains endemic in the Middle East. When Europe began colonizing
faraway lands four hundred years later, she confronted an entirely differ-
ant situation. Now her childhood diseases, particularly smallpox and
measles, fought on her side. As McNeill says, these were a “biological
weapan urban conditions of life [had] implanted in the bloodstreams of
civilized peoples."™ In fact, whenever encountars took place betwesn
humzan populations that had not been in close eontast with one another
and only the invaders possessed “civilized” diseases, the affair resembled
# gigantic food chain in which ane mass of humans ingested the ather;

First, the strectural organization of neighboring communities was Broken
down by s combination of war {of. mastication) and disease {cf, the chami-
cal and physical action of stomach and intestines). Sometimes, no doubt, a
lzcal population suffered total extinction, but this was not typical. More
often, the shattering initial #ncountors with civitization lefl sebstantial num-
bars of culturally disoriented individuals an the fand, Such human materlal
could then be incoerporated into the tissues of the anlarged civillzetion itsell,
gither as individuals or as small family and vitlage grou pings. =

At Europe began reaching out into the world to create new supply regions,
European diseases visited near-extinction or, altarnatively, decimation

on the indigenous papulations, In one of the first successiul attempts at
colonization (the Canary Islands), the local peaples (Ehe Guanches) wers
driven to the brink of extinction, mostly by the invaders' diseases. Today
a few Guanche genes remain in the Canaries' gene pool, along with a faw
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words and nine sentences from their ariginal language 8 The rest was
annihitated. Cn the other hand, In what proved to be the most successful
and lang lasting colonial enterprise, the conversion of the American con-
tinent into a huge peripheral zong to feed the European core, only some
areas (the United States, Canada, Argentina) witnessed the whelesale
replacemant of one gene pool by another In the rest of the Americas,
antire communities were instead culturally absorbed. Like those insects
that first regurgitate a soup of enzymes to predigest their food, the con-
quierers ram Spain killed or weakened their victims with smallpox and
maasles before proceeding to Christianize them and incormporate them inle
the colonial culture.

Eariigr attempts at colonizing the Mew World had failed partly because
of a kack of “predigestive enzymes." The Morse, who tried to colgnize
this continent earlier in the millennium falled because their motherland
(Greenland) was “so rermote from Europe that they rarely received the
latast installments of the diseases germinating in European centers of
dense sattiement, and thelr tiny populations were too small for the main-
tenance of criwd diseases "™ The now wave of invaders from Spain
rot omly wera in direct contact with the epidemiological laboratorles that
"manufactured™ these biological weapons, they were the fleshy compo-
nent of the disease factory. The local Amerindians, on the other hand,
though densaly populated enough to sustain endemic relations with para-
sites, lacked other compenents of the laboratory: the lvestock that coex-
Isted with humans and exchanged diseases with them,

Owverall, the effects of the ancounter between epidemislogically scarred
Europe and viegin America were devastating, The total population of the
Mew World before the Conguest was by some estimates as high as 1 hun-
dred millien peopls, one-third of whom belonged to the Mexican and
another third to the Andean civilizations. Fifty vears tater, after its initial
encounter with Cortas, the Mexican population had decreased to a
mgre 3 millien (about one-tenth of the original).® After the Initial clash in
Mexico in' 1518, smallpax traveled scuth, reaching the Inca empire by
1528, long before Pizarro’s troops began their depredations. The disease
had equally drastic censequences, making it much easier for the con-
quarors to plundar the Incas’ treasures and resources. The measles fal-
lowed smallpox, spreading through Mexico and Paru in the years
1530-1531, Other endemis diseases such as diphtheria and the mumps
soon crossed the ocean, and even some of the epidemics that still
afflicted Europe (e.g., typhus and influgnza) may have also leaped this
ancient seawatber barrier: the globe was beginning o form a single dis-
ease pool8s
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The cultural advantages that the Spanish enjoyed (horses, very primi-
tive firearms, metal armor would have been quite insufficient for the
task of conguering a densely Inhabited territory. Large animals and loud
weapens had, o doubt, & powerful psychological effect on the native
population. But after the first encounters, during which the indigenous
warriors =aw their stone weapons pierce throwgh Eurcpean armor and
harseflesh and witnessed the inefficiency of the Spaniards' inaccurate,
simgle-shot muskels, these cultural advantages would Bave dissipated.
But because the majority of the native inhabitants died from diseasa,
draining the reservoirs of skills and know-how that sustained their culture,
that meager advantage sufliced, Culture certainly plaved a rofe here, but
it was not the most important, Cultural materials flowed together with
genes and bicmeass (not all of it human) acrass the Atlantic, and it was
the whole complex mixture that trivmphed,

A oantire continent was in this way transfermed into a supply region
for &l three spheres of the Eurcpean economy: material life, markets, and
antirmarkels, Sugar and other inexpensive foodstutts for the masses would
soan begin flowing in large guantities from the colonies and plantations
to the homeland, A varisty of raw materials to be sold in har markets also
flawed home, Finally, an intense flow of silver (and other precious metals)
providad fuel for Evropean antimarkets and for the European manetary
systern as a whale,

We saw above that while some cities took over alien lands other cities
tapped inbo foreign resources by manipulating markets, Unlike the pro-
cess of colonizing a territory, a mostly biclogical affair, penetrating for-
eigr markets (such as the huge Indian or Chinese markets, which rivaled
those of Europe until the sighteenth century) involved large quantities of
metallic money. Silver {rather than infectious diseases) played the role of
“predigestive enzyme” here, Thanks in part to the steady flow of metal
from American depasits, the Eurapean monetary system “was projected
aver the whale warld, a vast nat thrown over the waalth of other continents.
It was o minoer detall that for Europe’s gain the treasures of America
were exported as far as the Far East, to be converted into lecal moeney ar
imgats in the sixteenth century. Europe was beginning to devour, bo digest
Ee world, " 8s

Central Place capitals such as Madrid, Metwark-system metropolises
such as Amsterdam, and hybrids such as London usad their own biologi-
cal or mineral materials 1o dissolve forsign defenses, break apart loval-
ties, weaken the grip of indigenous traditrons, After gaining entry onto
forelzn soll this way, a massive transfer of peopla, plants, and animals
was necessary b establish a permanent European presence. In some
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areas of the world, particularly those that had been used as gateways to
exploit foreign markets, the new colonies would fail much as those estab-
lished during the Crusades had. But in other parts, Western colonizers
would indeed win the propagation game and, with it, access to the most
fertile and productive lands of the planet.
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We would do well to pause now
for a moment to consider some
of the philosophical questions
raised by the flow of genes and
biomass, as well as by the struc-
tures that emerge from those
flows. As | argued in the previ-
ous chapter, there is a sense in
which species and ecosystems
are the product of structure-
generating processes that are
basically the same as those
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which produce the different types of rocks
that populate the world of geology. A given
species (or, more accurately, the gene pool of
a species) can be seen as the historical out-
come of a sorting process (an accumulation
of genetic materials under the influence of
selection pressures) followed by a process of
consolidation (reproductive isolation), which
gives a loose accumulation of genes a more
or less durable form by acting as a “ratchet
device.” The most familiar form of repro-
ductive isolation considered by biologists
has an external cause: geographical changes
in the habitat where reproductive commu-
nities belonging to that species live. For
instance, a river may change its course (over
many years) and run through the middle

of a previously undivided territory, making
contact between members of a reproductive
community difficult or impossible. In that
situation, the two halves of the community
will start to accumulate changes indepen-
dently of each other and hence begin to
diverge, until the day when mating between
their respective members becomes (mech-
anically) impossible, or produces only sterile
offspring.
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However, the process of reproductive isola-
tion (and thus, of speciation) may be more
complex than that; in particular, it may
have internal causes as well as external ones,
One well-studied example of an internal
cause is the "specific mate recognition sys-
tem,” or SMRS.* This is the system of traits
and signals (which can be behavioral or
anatomical, or both) that members of a sex-
ually reproducing species use to recognize
potential mates. Genetic changes that affect
the SMRS (mating calls, courtship rituals,
identifying marks and decorations, smells)
may indeed act as a barrier to interbreeding
even if the two divergent daughter species
could potentially mix their genes. In this
case, sexual selection (that is, selection pres-
sures exercised on an individual by its poten-
tial mates) can cause a small initial difference
to be amplified into a major barrier to the
exchange of genes and, hence, result in the
creation of a new species.®

Thus the flow of genes (which one might
imagine as potentially continuous) becomes
encapsulated via these isolating barriers into
separate packets, each defining a different
stratified system. However, there is a risk of
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exaggeroting the strength of these barriers, particulardy if we pay atbens
ticn anly to the world of relatively large animals, to which we balong.
Indeed, other living creatures may not be as genelically "compartmental-
ized" as we are. Many plants, for azample, are able o hybridize with
plamts of other species (that is, the isclating barriars retain a measure of
permeaability), while many microorganisms freely exchange genes with
othar species during their lifelimes, (&% we shall see, this Seems o e the
way many of the bacteria that cause infectious diseazes have acguired
resistance to antibiotics.)y Im short, the flow of genes in the biosphere as
a whole may not be as discontinuows (as stratified) as one would imagine
by looking at large animals alone. In fact, in some special circumstances,
evarn anlmals I total reproductive isolation may exchange genatic materi-
als via inheritable viruses (called relravireses], 8

Taking all this into account, the picture of evolutionary processaes that
emerges resemides more a meshwork than a strict hierarchy, a bush or
rhizome more than a neatly branching tree;

Thera is substantial evidence that organisms are not fimited Tor their esalu-
tion to genes that beleng to the gene pool of their species, Rather it seems
more plavsible that o the time-scale of avalution the whole of the gane paal
of the biosphare is available to all arganisms and that the mare dramalic
staps and apparent discontinuities in evlution are in fact sttributable be very
rare events involving the adoption of part or &ll of a ferelgn genome. Organ-
isms and penomes may thus be regarded as compariments of the biozphers
through which genes in genaral circulate at variows rates and in which indi-
widua! genes and operons may be incorporated if of sufficient advantage

Even with this added cemplication, the twe abstract machines dis-
cussad in the previous chapter {one generating hiararchias, the other
meshworks) are adequate to account for living structures, particularly if
v make allowance for varying mixtures of the two fypes, However, |
wiould like to argue that there is anothar abstract machine involved in the
production of biolegical entities which has no counterpart in the geclogi-
cal warld, therefore distinguishing species from sedimentary recks, This
other abstract machine, howswver, may be found in other nonbiological
realms (e human culture, for instance) and therefore does not constitune
the "assance™ of living creatures,

Darwin's basic insight was that animal and plant specias are the cumu-
fative result of a process of descent with modification. Later on, however,
scientists came to realize that any variziile repiicator (not just genetic repli-
caters) coupled to any sarbing dewvles (not just ecological selecticn pres-
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sures) would generate a capacity for evolution. For instance, in the 19703,
the computer scientist John Holland devised @ small computar prograrm
that self-replicated by following a set of coded instructions and tran k-
ting a copy of those instructions to its progeny. Holland's program did
very little ather than generate variable replicating copies of itself, How:
ever, if a population of these replicating programs was submitted to some
gelection prassure (for example, if the user of the programiwers to weed
ot those variants that did not seem an improvement, letting anly the
maore promising variants survive), the individual programs develgped use-
ful properties after many generations. This is the basis for Holland's
“genetic algorithm,” which is widely used today in some computer-based
disciplines, as an affective problem-solving device.® Richard Dawkins
independently realized that patterns of animal behavior (such as h»irEI-
songs or the use of tools by apes) could indeed replicate themselves if
they spread across a population (and across generations) by imitation.
Birdsongs are the most thoroughly studied exampie of these replicators
{"“memes,"” as Dawking calts them), and they do indesed gvalve naw .
forms and generate different dialects,

In each of these cases, the coupling of varable replicators with a iﬁhﬁ?
tion pressure results ina kind of "searching device™ (or “probe huqq_:l":f_
that explores a space of possible forms (the space of possitle organic
shapes, or birdsongs, or solutions to computer probiems) This 5aamh-ﬂ 1
ing device is, of course, blind {or more exactly, shortsighted), fﬂ'ﬁ'ﬂiﬂﬁ
the key principte of nec-Darwinism: evolution has no foresight. 23 (It s, IIEE:‘r-
ertheless, highly effective, at least in certain circumstances.y This probe
head is the abstract machine we were looking for, the one that dlﬂ_ﬂl'ﬂ!l'lﬂ& '? :
ates the process of sedimentary-rock formation from the process that
yields biological species, And yet, although the new machine 15 chamﬂﬁﬁ‘

istic of life-forms, the same basic diagram applies to memes and iﬂﬂﬂﬂﬁw C

algorithms, [t would be incorrect le say that evolutionary concepts are.

used metapharically when applied to computer programs and birdsongs,

bt literally when talking about genes. It is true that scientists first dis-
covered this diagram in the world of living creatures, and it may gvert ba
true that the living world was the first physical realization of the sbstract
machine on this planet. However, that does not make the abstract
machine any more “intimately related” to DNA than to any other replica-
tor. Hence, it does not constitute an “essence” of life, in the sense of
being that which makes iife what ft iz

The flow of genes through replication is indeed only a part of what life
is. The other part is constituted by the flow of biomass. Individuat ani-
mals are not just members of a species, but members of a particular
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reproductive community Inhabiting a particular ecosystern and thus par-
ticipate inthe exchange of energy and materials that makes up a food
wab. As with any physical systemn, the intense flow of energy moving
through an acosystem pushes it far from equitibrium and endows it with
the ability to generate its own dynamic stable states (attractors) The
sarme dynamic balds true for the individual organisms evolving within
that ecosystam. Consequently, the space that the probe head blindly
explores is not completely unstructured but already populated by various
types of stable states (static, oyclical, chaclic, autopoistic). This prestrug-
turing of the search space by intensifications of the energy flow may
indeed facilitate the job of the abstract machine (blind as it is) For exam-
pie, since one possible endogenously genarated stable state is a pertodie
attractor, which would automatically draw gene activity and gene prod.
ucts into a cycle, the searching device may have stumbled upon the
means [o genarabe a primitive metabolism very aarly on. Further evolu-
tionory complaxification may hawve b2en achieved as the probe head
mowved from attractor to attractor, like so many stepping-stones.

When search spaces (or “adaptive landscapes™) were first postulated in
biology in the 1920, they were thought to be prestructured by a single
equilibrium, a kind of mouniain with one peak, which selection pressures
forced the praobe head to climb. According to this schema, the top of the
roguntain repressntad the point of maximum fitness, and once & popula-
tion had been driven there, selection pressures would keep it locked into
this optimal equilirivm, However, recent explorations of adaptive land-
sCapes, using sophisticated compuber simulations, have revealed that
these search spaces are anything but simple, that they may comprise
many mountaing of different heights (local optima), clustered in a variety
of ways, the valleys and peaks related not directly to fitness but to under-
Iving dynamical stable states, Moreover, once the question of coavolution
iz introduced (g5 when an improvement in a pray's armer puts pressure
an its predator’s fangs and claws te further sharpen, which in turn stimuo-
lates a thickening of the armor), it becomes clear that interacting species
in an ecosystem have the ability lo chango each other’s adaptive
fandscapes. {This is just another way of saying that in a predator-prey
arms race there is not a fixed definition of what counts as “the fitkest.'" )58

Although the nation of unigque stable states did some damage to evolu-
ticrary biology (by imposing an oversimplified version of evolution which
disregarded energy flow and the far-Trom-equilibrivm conditions the flow
of enargy genarates], the idea of the "survival of the fittest™ had much
rmgre damaging effacts when it was applied to human culiure, That mis-
application degenerated almost immediately inte Social Darwinism and
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the eugenics moverment and, later on, inspired the racial cleansing poli-
cies of Nazi Germany. Coming as it dig after centuries of intense colonial-
izm, Social Darwinism naturally fostered the idea that the Caucasian race
was superior to all others. Of course, in addition to the mistaken notion
af a single, optimal equilibrium, these social movements were nurturesd
by the belief that genes determine culture, that is, that there is but & sin-
gle probe head (whereas, as we just saw, even birds emboady at least twa).

In reaction to this position, a number of anthropologists (including
Franz Boas, Margaret Mead, and Ruth Benedict) developed during the
first decades of the twentieth century a countertheory that not only gave
human culture its deserved autonamy frem genetic determination, but
denied that biclogical evelution had any effect whatsoever on the develop-
trvent of human societies. According to these anthropelogists, human
nature was completely mallegble and flexibbe, and human behavior deter-
mined by culture alone, In the short rum, "culbural relativism®™ (85 it came
to be known) did us the considerable service of fostering a greater tolor-
ance of cultural differences {a welcome antidote to the racist ideas and
palicies of the Soclal Darwinists and eugenicists), but later on it hardened
Inte dogma, and in some cases it even degenerated Into emply clichis
(such as the slogan “everything is socially constructed™ )™

Fortunately, anthropologists seem to be moving away from dogmatic
positions and developing a new interactionist approach, wherein lboth
organic and culiural evolution are considered simultaneously, One version
of this new approach (the one develaped by Williarm Durham) seems par-
ticularly close to the view we are exploring here: that both onganic and
cultural change involve replicators and that new structures arise by selec-
tive retention of variants, Moreover, Durham agrees that this does nat
involve & metapharical use of biological concepts. (He calls this Camp-
bell’s rule: the analogy to cultural accumulations is not Trom organic evo-
lutizn but from & general model of evalutionary change, of which organic
evolution is but one instance, )

Before describing the five different ways in which genetic and cultural
replicators interact according to Durham, we must first address the gues-
tiom of just what genetic effects we are considering here. Although & faw
individual genes have been added to the humar gene pool in bistodcal
times {such as the gene that causes sickle-cell anemia but protects its
carriers against malarial), genatic evolution is =0 much slower than culiur-
al evolution that its influence in human affairs s marginal, A% Stephen
Jay Gould polnts out, “While the gene for sickle-zell anemia declines in fre-
Quency amaong black Amaricans [since they are not subjected to the
rmalarial selection pressure], wa have mvented the railread, the aubomo-
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brle, radio and telavisicn, the atom bomb, the computer, the airplane and
spaceship.™ Thus, the genetic effects we are considering are the arganic
limitations imposad on ws by our own bodies which can be called "human
universals" as long as wa do not attach any tranzcendental meaning fo
thils term. (Qrganic constraints, like cultural constraints, are contingent
historical products, though they operate over longer timescales.)

One way in which genetic and cultural replicators interact {or act on
ane another) is as sorting devices. On the one hand, genes, or rather
their bodily (or phenotypie) effects, may act as selection pressures on the
accumulation of cultural materials. Durham discusses the example of
color percepticn, and its relationship with color words, partly because its
anatomical basls |5 relatively well known (bath the pigment-based sys-
tem of light absorption in the eve and the processing of sensory input by
the brain) and partly because much anthropological research on this
subfect alrzady exlsts, Crucizl evidence on the "universality™ of coler per-
cephion was gathered in the 19603 by the anthropologists Brent Berlin
and Paul Kay in the course of an experiment designed bo prove the oppo-
site hypothesis: that each languege performs the coding of color exper-
ence ina differant manner, Berlin and Kay showed a large sample of
color chips to subjects belonging to twenty differant linguistic communi-
ties and asked them to locate in the grid of chips both what the subjects
wolld consider to be the focal point of the referent of a given color word
aswell as its outer boundaries. On the basis of the linguistic relativily
hypothesis (that there is no “natural”™ way o cut up the spectrum), these
resgarchers expectad their experiments to elict widely scattered focal
points and discordant outer boundaries, but instead they recorded a very
tight clustaning of focal points (and concordance of boundaries} regard-
less af how many codor terms existed ina given nmative vocabulary. More
recent research has supported (and refined) Berlin and Kayv's results
and has further shown that even though differant cultures hava accumu-
lated & different number of color labels, the order that thiz accumulation
follows exhibits some definite regularities, with terms for “black™ and
“wrhite™ always appearing first, followed by terms fior primary colors in
carbain sequences {red-green-yellow-blue, for example). One possible
interpretation is that the first labels that accumulate (“black” and “white™)
designate broad, composite categories (Mdark-cool” and "light-warm,”
respectivelyl, which slowly differentiate as new labels are added to the
repertoire, each one entering the setin a specific and: highly constrained
fashion. On this basis, Durham has conciuoded that this is an example of
genetic constraints on perceplion guiding the accumulation of cultural
replicators (color words). ™
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Cultural materials, in turn, may act in the cppoesite direction and influ-
ence the accumulation of genes. Unlike the accumulation of celor terms,
howewver, the accumulation of genatic materials happens So slowly a5 1o
be virtually unobservable. Hence, hard evidence is much more difficult to
cbtain in this case, angd we are forced to discuss hypothetical scenarios
on the basis of indirect evidence, such as that provided by myths. The
example Durham discusses in detail is the gene that allows some [ndo-
European races to digest raw milk as adults. First of atl, variation for this
gene does exist and i% highly correlated with certain cultural patterns.
High prevalencas of this gene axist anly in popalations that today cansume
comparatively large amounts of fresh milk and possass ancient mytholo-
gies that both record and encourage adulf fresh-milk consumption. In
turn, thase genetic and cultural materizls are associated with environ-
meants of low ultraviolet radiation, whera vitamin D and metabolic saldium
are chronically deficient, that is, with environments where fresh-milk con-
sumpticn can have positive health effects. Durham reviews several possi-
bie seenarios that may explain these correlations and concludes that the
mast plavsiile one (as well as the one more consistent with the history
coded into myths) is as foliows:

As genes for LA [actose abserption] were favored at high latitudes, more
people could drink milk aftar waaning, thereby spreading the benefita of
rmilk production and impreving the local cultural evaluation of the memes
behind the practics, The increased availability of millk, in turn, would have
cantinued the genstic selection of LA genotypas, theraby sugmenting the
frequency of adult lactose absorption; the benefits of milking, the cultural
praference for milk, and s on in perpetuty. . .. The cycla may have started
as a cantinuation of routine infant feeding practices, Early on, the milk of
diairy anitnals may ave been tnied as a supplement to mothers milk,
increasing the volume of lactation, its duration, or both. By virtua of the
Ginitlatly rare) LA genotypes, seme recipients would have maintained lactose
sufficiency beyand its normal lapse, continuing fo drink milk and tharaiy
avoiding rickets in their garly years. ... In particularly rachitogenic areas,
the advantage to fresh milk consumption would have extended into adolas-
cence and adulthooe, W22

In addition to these two ways of interacting directly with each other, cul-
ture and genes may enter into other, more indirect relations. In particular,
Durham points cut that ance certain cultural materials have accurmulated,
they may harden inte institutional values, whichiin turn act as selection
orassures for further cultural sccumulations. Hence, some cultural repls
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caters may, in a sense, be self-sefecting, and this gives them a dagi-igg aof
autanamy in their evolution. Under these conditions, cultural adaptations
miay come bo have relations of anhancement, oppasition, ar neutrality
with respect to genetic adaptations.

Incest taboos are an example of enhancement. Zoologists have con-
vincingly demenstrated that inbreeding has deleterious genetic effects
and that many animals have evolved an instinctive avoidance of it. Humans
may indeed share this built-in canstraing, as studies of aversion 1o sexual
intercourse amang adulls who were reared together in kibbutzim saem to
shaw, Howaver, as Durham points cut, taboo prohibitions are not necas-
sarily the same as aveidance of inbreeding, He observas that “there can
b2 nonincestuous inbreeding (as when sexual intercourse betwesn certain
catepories of Rin is not prokibited) and noninbred incest (as when prohi-
bitions apply betwaan parents and their adopbed children), ™10 Giyan the
range of varability of the incest probibitions, which only partially overlap
with inbreeding, Durham concludes that the =ets of regulations that con-
stitute the taboo in different societies evalved under cultural salection
pressures (aithough it is possible that instinctive aveidance may have
played & rale in their accumulation early on in human evalution.

The relative autonomy with which self-selection endows the evolution of
cultural replicators allows them to follow & direction that is neutral rela-
tive to organic adaptations, For the same reason {0.e., cultural replicators”
ralative evolutionary autanamy), various aspects of culbure may turm out
to have maledaptive consequences relative to our bislogy, For example,
many civilizations in the past carelessly intensified the exploitation of their
sails, failing to implement available techmiques (such as terracing) that
could have protected this valuable rescurge from erading away, Consa-
guently, those societies inadvertenthy set a limit on the number of times
they could pass their genes down through the generations. (AN upper
limit of seventy generations existed for most cultures, according to one
historians calculations.) In this case, the bounded rationatity of many
alites and the prospect of short-term gains promoted the sccumulation
of habitz and routines that, in the long run, destroyed the conditions
under which the gene pools of those civilizations could reproduce them-
selves. Durham alse finds these maladaptive cultural materials acciumi-
lating in contemporary communities of El Salvador and Honduras, thair
landscapes “lithered with telltale signs of maladaptation. Slopes of forty
or fifty degrees...were being cultivated in perpetuity . .. with steadily
declining vields. Corn was cultivated in rock outcrops, animals grazedin
steep gullies, ard the erosive force of tropical rains carried off aver
mora of the leached and worn-out bopsail, "2 In this cage however, the
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prablem s not the focal peasant culture. Rather, the manipulation of
land tenure palicies by the landed elites and the government’s suppert
for export agriculture had impased these maladaptive conditions on the
peasants. From this and other cases, Durham concludaes that a major
cause of opposition between genetic and cultural replicators is the impo-
sition from above of habits and customs (or living canditions leading to
certain habits and customs) that are maladaptive.

Haowsver, one must not assume that the power to impose & set of values
on a population fand hence to influence the direction of that population®s
culteral evolution) is alvays strong enough to efiminate tho selactive
effect of individual choice, (Herein lies anather weakness of "cultural refa-
tivism™: not only does it emphasize the exobic at the expense of the unre-
markabie, which is where human universals are to be found, but it tends
to focus on the norms of a society while ignoring the actual behavior of
individual agents, who may or may not always adhere to those norms.
Perfect obedience cannot be taken for grante According te Burham,
absolute imposition and free individual choice negd to be taken as ideal
ized poles of a continuum, with most actual behavior falling semewhere
in between, 25 a mixture of the twe.

Having established the different forms of direct and indirect inter
actions between cultural and genetic replicators, we must now address
cartain questions regarding the kinds and number of abstract profe
heads at work in cultural evalution. Far sxample, we observed that the
fiow of genes through large animals % quite different from the flow
through microorganisms, the former following @ rigid vertical form (from
one generation to another) while the latter additicnally invoives a horizoen-
tal exchange of genes (from ong species to another, via plasmids or
cther vectors), In terms of the number of channels for transmission, the
flow of cultural materials in human secieties is quite open, and in that
sense akln to the flow of genes through bacteria. Cultural replicators flow
wartically in @ one-to-one structure {from parents to offspring) or in a
many-to-one structure (as when the adults in a community exercise pres-
sures on'a child). Cultural replicators also flow horizontally, from aduil to
adult {ene-te-one) or from leaders bo followers (one-do-ma ey B

Mareover, it may be argued that cultural evolution involves more than
are searching devica: while some materials replicate through imitation
{and, hence, are analogous to birdsongs or, more generally, to rmemes),
athers replicate through enforced repetition: children do not simply l2arm
b irmitate the sounds and grammatical rules that make up 2 languags,
they adopt tham as & norm or repeat them as a rule. (This i5 one minor
sharteoming of Durham’s analysis: he uses the term meme for all cuttural
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wven though some of them are transmitted as norms [o.gz.,

ary values" | Sforza observes that linguistic norms (except
mdl words) do not easily replicate across ditferent cultures. but
travvel along with the bodies that serve as their crganic substratum.
(Hence the tight correspondences he finds between linguistic and genetic
rnaps.} He attributes this conservative tendency to the first two (vertical)
mechanisms of cultural transmission. 'S The flow through horizontal
channels, on the other hand, does involve imitation and so may be con-
sidered a flow of memes,

A different process is involved whan the transmission involves not
fermalized knowledge but embodied know-how. In this case, the informa-
tion in question cannot travel by itself {through boeks, for exampie) but
needs human bodies as its vehicle. This kind of transmission may be
campaned to that involved in epidemic contagion. Braudel argues, for
example, that the printing press and mobile artillery did not create a per-
manent imbalance in the distribution of power in Evrope because they
spread teo rapidiy across the Continent, thanks to the mobility of their
practitioners. Printers and mercenaries in the sixtesnth and seventesnth
centurles migrated continuously, taking their skill know-how whey-
ever they want, spreading them like an epid amic@

In thinking threugh the mechanisme of cultural evolution, wa must
take inte consideration the kinds of entities that may be said to evolve in
& given society, When studying societies that lack diversified politico-
ecenomic institutions, we may view cuitural transmission in terms of
replication of the whole set of values and norms which binds a particuiar
seclety tegether, But in urban secleties, institutions may also reproduce
thermselves with vadation individually. The economists Kichard Melson
and Sidney Winter, for instance, espouse an evalutionary theory of eco.
namics based on the idea that anee the internal uperatigng al an argani-
Zation have become routinized, the routines themseives constitute a
kind of “organizational memeore.”1%7 For example, when an econamic
institution (e.g., a bank) opens a branch in a foreign city, it sends a por-
tion of its staff to recruit and train new people; in this way, it transmits
its internal routines to the new branch. Thus, institutions may be said to
transmil infermation vertically to thelr “offspring.” On the other hand,
since many innovations spread through the economy by imitation, insti-
tutions may also affect each other in a manner analogous to infectious
contagion,

Here wa have been exploring exclusively the interactions between cul-
ture and genetics, but nonetheless we must never lose sight of the fact
that the flow of replicators (whether genes, memes, norms, or routines)
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constitutes anky half the story. The flow of matter and energy tnrnug_h :a\
systerm (which often means the flaw of biomass, sither ving or fossil) is
of equal importance, particularly during intensificatiens. The role of d
genetic and cultural replicators (or, more accurately, o1 the ph-enu.h.rp?c.
effacts of those replicators) is to act as catalysts that facilitate or inhibit
the sell-organizing processes made possibie by intense matter-energy
flows, Bt is these flows that determine the nature of the thermodynarnmic
stabie states available to a system; the catalysts act merely as control
mechanisms, choosing cne stable state over another. Another feature of
catalytic action is that low expenditures of energy ¢an bring aboul high-
energy transformations. An anzyre, for example. may bring about a
large accumulation of & glven substance by accelerating a particular _
chemical reaction, without itself being changed in the process (i.2., with-
out itsalf participating in the larger energy transfers), e
Cultural replicators may be viewed &8 having phenotypic effects similar
to catalysis. A command given by someone of high rank in a hierarcl_'u_.-,
tor example, can set off disproporticnately large flows of energy, as in the
case of & declaration of war. However, the military order itself is power-
less unless backed up by @ chain of command that has been kept in
working order through constant drill and discipline (including physical .
punishment for noncompliance), all of which involves enormous expendi-
tures of bodily energy. The history of Western society in the last few cen-
turies evidences an incraasing dependency on disciplinary force o secure
abhedience. Therefore, we cannot be content with a description of society
axpressed exclusively in terms of replicaters and their catalytic Effe-nts.,
but must always include the material and energetic processes that define
the possible stable states available to & given social dynamic.
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Biufagibal History:
1700-2000 A.D.

Population explosions tend to
he cyclical, like a gigantic
breathing rhythm in which the
amount of human flesh concen-
trated in one place rises and
falls. These rhythms are partly
the product of intensifications
in food (or other energy) pro-
duction, which are typically
followed by depletions. The
innumerable new mouths gen-
erated in the cycle’s upswing
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eventually eat the agricultural surpluses cre-
ated by previous generations and plunge the
population into a downswing. Toward the
middle of the eighteenth century, Europe was
emerging from a cyclical downswing, a hun-
dred years of stagnation or, at best, very slow
population growth.

Around 1750, however, several factors con-
spired to increase this mass of human bodies
again. A changing relationship with microbes
was beginning to transform large cities from
death traps into net producers of people. New
agricultural methods were beginning to make
intensified food production somewhat more
Sustajnahle. And, perhaps more importantly,
massive emigration had added an escape
hatch to the dynamical system, a means to
export hungry mouths overseas, preventing
them from dragging the system into decline.

Moreover, the exportation of excess popula-
tion allowed Europe to transform vast regions
of the world into its supply zones. Normally,
locally available reservoirs of biomass impose
a celling on population growth (technically
known as “carrying capacity”), but coloniza-
tion allowed European urban centers to sur-
mount local limitations and to continue their
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expansion. Europeans migrated overseas in
large —eventually enormous—numbers, and
they brought with them other, nonhuman “rep-
licators": their extended families of domesti-
cated animals and plants. Creatures not yet
submitted to human control used the Euro-
peans as vehicles for a great migration of
weeds. Finally, institutional organizations also
migrated, exporting their routines across the
oceans to create variant replicas of them-
selves. Here we will first explore some of the
consequences that this complex mixture had
on the lands that received the migratory flow,
specifically the great organic and institutional
homogenizations that it effected, and then
we will further address the migration’s effects
on the cities of Europe.

Before 1800, Europe had only sent be-
tween two and three million people to her
new transatlantic colonies (“only” in compari-
son to the six million Africans who had been
forced to migrate there). But between 1800
and 1960, sixty-one million Europeans moved
across the Atlantic. Of these, the majority
left for the New World in a period of seventy
years, In the words of the historian Alfred

Croshy:
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And 5o the Eurcpeans came betwean the 1840% and World War 1, the Ereat:
est wave of humanity ever o cross oceans and probably the greatest that
ever will tross oceans. This Caucasian tsunami began with the starving Irish
anck the ambiticus Germans and with the British, who never resched peaks
of emigration as high 2% some other nationalities, buf who have an inextin-
guizhable yearning to leave home. The Scandinavians joined the exodus

eext, and then toward the end of the contury, the southern-and eastern
Europaan peesantry. [Lalians, Poles, Spaniards, Porfuguess, Hungarians,
Greaks, Serbs, Crechs, Slovaks, Ashkamazic Jews — for the first time in oS-
sesgion of knowledge of the apportunitivs overseas and, via raitroad and
steamzhip, of the means io leave a life of anclent poverty behind —poured
through the ports of Europe and across the seams of Pangaea, 108

Fangaea is the scientific name for the hypothetical landmass the con-
tinents of the Northern and Southern Hemispheres formed when they
were stiil jpined together, many millions of years ago. Mew animal and
plant species emerge when their reproduchive communities become iso-
lated from one anather; thus the ancient breakup of Pangaea (and the
consequent separation of reproductive communities) trigoered an intense
pericd of organic heterogenization, The world that witnessed the great
migratary flow of the 18005, however, was already becoming rehomoge-
nized. As Crosby puts it, Pangaea was being stitched together again via
transoceanic communications, *® Before tha 15003, the Islamic peoples
were largely responsible for tha transfer of species across ecological
boundaries {titrus, rice, cotton, sugarcane), but from 1500 on, the Euro-
peans would be the main dispersants,

In five separate regions of the globe —the temperate ragions of the
United States, Canada, Argentina, Australia, and New Zealand — the pro-
cess of renomogenization reached its peak of intensity, Thiese regions
became, in fact, replicas of the European urban and rural ecosystems,
Crosby argues that, in order for European cities to replicate themselves, to
give Dirth bo daughter cities such as Boston, Quebec, Buenas fires, or
Sydney, a whole array of species (humans and their dormesticates) had to
migrate together, had to colonize the new land as a team. The end resuft
is that the tamperate areas of these five countries became what he calls
“Mec-Eurgpes,* 4

There were, of course, Impartant colenial cities outside the regions
with strictly “European” climates. Howevar, these other colonial urban
canters did not reproduce the same “social ecosystem™ as in urban
Europe; instead, the relations between town and countryside wera more
like those of feudal Europe. Additionally. the neo-Europes, unlike Mexico
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or Perw, where the conquerors mixed with the locals, were a classic case
of replacemeant of one gene pocl by another, Finally, the tens of milllons
of Europeans who migrated overseas beginning in 1800 were received
principally by the urban centers of the nec-Europes, These Masses ware
not enly pushed out by the population explosion at home, but alse pulled
in by the prespect of moving to an almaost exact replica of the urban
peosystem thay were to leave behind. (Having relatives abroad, the so-
called stock effect, was a further pull factor)™

The reasan it was necessary for a whole team of colonizers to-migrate
across the coeans is relatively easy to grasp in the case of humans and
their domesticated crops and livestock. For an urban ecosystem toowork,
food chains must be shortened and certain organismes must be u::gjd i1 R
redirect tha flow of biomass toward the top of the hierarchy. Butin f_uait':lb_-
tion b these domesticated species, the European migrants inadvertently:
imported “weeds,” In this case plants with opportunistic reproductive
strategies, which allowed them to colonize simplified ecosystems. Unlike
many plants that thrived in the new lands only with direct human inter-
vantion, European weeds (thistles, plantain, white clover, nettlgs) prnpa_-' {
gated an their own, winning thair own “batties” against local rivals and
furnishing & key compenent of the food web as fodder for cattle:

The Old Warld quadrupads, when transported to Armerica, Australia and ik
Mew Zealand, stripped away the local grasses and forbs, and these, which
in muost cases had besn sulyjected to only light grazing before, wers often
clow to recover. |0 the mean time, the Old World weeds, particularly thix:ia-:
from Europe and nearby parts of Asiz and Africa, swept in and occupled
the bare ground. They were tolerant of open sunlight, bare soil, and close
cropping and of being constantly trad upeon, and they possessed a numiber
of means of propegation and spresd. For instance, often their seads Wers
equipped with hooks to ¢ateh on the hides of passing livastock or were
tough enough to survive the trip threugh their stomachs to be deposited
samewhere down the path, When the livestock returned for @ meal the next
cpason. it was there, When the stockman wenl out in search of his shack,
they were there, too, and healthy Y2

European forage grasses, which had coevolved with cattle, won their own
celanization war against many local weeds, which were defenseless against
the novel selection pressures (such as intense grazing) brought on by the
European migration. Only in areas where large local herbivares thrived
{&.g., the American Great Plains with its herds of buffale) did the local
grasses have a fighting chance:¥2 In several of the nec-Europes, the wered
“eolonization frent” raced ahead of the human wave, as If preparing the
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ground forit. Indeed, considering that the human colonizers were repeat-
ing past mistakes by overintensifying their exploitation of the new land (via
careless deforestation, for instance), weeds played another key rofe, that
of restabilizing the exposed soil and praventing ercsion. “The weeds, like
skin tranzplants placed over broad areas of abraded and burned flagh,
aided in healing the raw wounds that the invaders tore in the earth, ' 14

Weeds were not the only organic entities to spread witheut conscious
hurman effort. Some plants that had bean domesticated and even urbans
ized acquired “weedy” behavior and began winning their own propagation
battles. Such was the case, for example, with peach and orange trees. 1
Even some animals {pigs, cattle, horses, and dogs) escaped human
genetic control and became feral again, multiplying exponentially, These
animals lost saome of the qualities that domastication had imposed on
them and reacquired some of the “repressed"” traits of their ancestors.
They, too, began colenizing the land. In Australia, pigs became razor-
backs, “longed-legged and long-snouted, slab-sided, narrow-backed fast
and vicious, and equipped with long, sharp tusks," " |n Argentina, cattle
became feral, propagating in such large numbers that they stymied the
growth of hurman populations. Here and olsewhere, these bovine multi-
tudes formed "a caftle frontier [that] preceded the European farmers as
they moved west from the Atlantic.” 17

These independant colonizers tifted the balance in the exchange of
species between Europe and the rest of the world. While some American
plants, including maize and potatoes, tomatoes and chili peppers, did
“Iinvade” Europe, they did so exclusivaly in the hands of hurmans, not on
their own. The other spontaneous exchanges, such as the exch ange of
microcrganisms, were also asymmetrical, despite the “gift" of syphilis
which America may have bestowed on her colonial masters, ™ And_ of
eourse, the exchanges at the top of the food pyramid were heavily one-
sided. Despite the influx of millions of Africans brought in by the slave
trede and the masses of Asians who went overseas as indenturad work-
ers after slavary was abolished in the mid nineteenth century, by the
twantieth, European migrants accounted far as much as 80 percent of
tha total migratary flow. 19

Europeans benefited from this massive transfer of people in several
ways. Mot only did migration serve as an escape hatch from tha popula-
tion explosion at home, but these masses were what gave staving power
o Europe’s colonial ventures, Additionally, the migrants who settled in
the nec-Europes achieved unprecedented fertility rates, Eetwesn 1750
and 1930, their population increased by a factor of 14, while the popula-
tion of the rest of the world increased by a factor of 2,5.120 Nonwhites
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wara not 5o lucky. Slavery, which broke up families, t|||:&ﬁ theagq
ratio of populations toward males, and forced people 1o I|'.lE.1|1:- i
conditions, made propagation of African genes abroad w‘ry ﬂ| ,

Elsf-.-:.m 1800, African I'HIEJ'aI'I‘tE uutnumhered Europeans thm*ﬁ,i !

remainad almost constant In number, white the ruughiy t-..g.-ﬂ .,, E
peans sextupled their population, it
Part of the enormous population boom in the neo- Eurﬁpagﬂhf
the extreme fertility of their lands, in terms of both soll nutrjmﬁ%- 5
able after daforastation and photosynthetic potential {i.e;, tha ; ﬂm
solar energy available for transformation into sugars; the tm!:ﬁ;g.
plenty of light, but haziness and unvarying day length thl‘-ﬂhﬁ!‘m ._ :
year make it less useful for grain cuktivetion). 122 Today, the neg.E|
feprd bhe rest of the world. Evan while net l2ading in ahasmutgv ;
tiviby, they are the reglons with the greatest food surpluses) ||: i .-.-.-. W
der that long before these colonies gained their indapendenna'tﬁﬁifr_' e
a crucial supply region for European cities, On the other hand, the e
World had te work bard to create this resarveir for itself:

"+

st T,
-

If the discovery of America brought Eurppe litEle return in th&.shui:tiﬂ_{
this was because the new continent was onby partly aupmhundnﬁ”ﬁﬁ@:ﬂ\ i
seitled by the white man. Europe had patiently to reconstruct America:
her own image before [k began o correspond to ber own wishes sqmgﬁﬁ
labor of reconstrustion was not of course accomplished overnight: iI!P"t P
early days, Eurepe indead seemed insignificant and impobant iamdfm-'ri—'«ﬂ.; 5
the superhurman task ahead and as vet only imperfectly perceived. In T

fact Europe took centuries to build & world in her own image across thes ==
Aflantic, and then only with immense variations and distortions, and ﬂ-ﬂ-Eil*-'c_

h
-, B

avercoming a leng series of cbstacles one after another, 123
Creating ecological replicas of Eurepe was anly part of this enormous
task. The Europesan population of institutions —the whole spectrum af :
governmental, commercial, ecclesiastic, and educational QEE-EniIEltiﬂF!a_-'llz—
alse had to be replicated on the other side of the ocean. Europe’s institl-
tions were a complex mixture of markets, antimarkets, and rationalized
bureaucracies, and their replicas across the Atlantic were equally varied.
Moreaver, the transformation of the American continent into a supply
region involved interactions between institutions of diffarent eras, maore
specifically, a micture of different strategies for the extraction of sur-
pluses, some ancient, some new, in a pProcess akin to Europe's earlier
self-colonization.
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As urban Europe began to transform Poland and other eastern regions
inte & supply zene, the maost “advanced” sectors of this population of
institutions {the bankers and wholosalers of Amsterdam, for example)
acted in collusicn with the most “backward” ones, the eastarn European
feudal lords, te transform the free peasantry into serfs again_ 12 The
“second serfdom™ was not a step down the ladder of progress, but rather
& lateral move to a stable state (a stable surplus-axtraction strategy) that
had bean latent in {of, available to) the dynamical systemn all the time,
Similarly, antimarkets found entry into the American colonies through the
great sugar plantations, all of which used slave labor, |1t was this institu-
tional mixture that unleashed the great flows of sugar, one of the most
influential forms of biomase of the colonial age.

In 1650, sugar was a luxury and its consumption a marker of status,
tut by the nineteenth century British industrial and agricultural workers
had “sugar pumped into every crevice of bheir diets. 125 Sucrose made
it possible to increase the caloric intake of the underclasses in a relatively
inexpensive way, compared with meat, fish, or dairy products. Although
it was not the enly foodstuff provided by the new supply zones, it was
the most efficiant one in terms of converting solar energy into calories.
{One acre of land produced roughly eight million calories.126) In this
SENse, SUEEF was at least as influential as maize or potatoes, the miracle
crops Europe adopted from the Mew World. Large-scale sugar production
also required & specific institutional mix, as sugar processing and refin.
ing demanded large armmounts of capital-and, hence, antimarket Grganiza-
tizns. Sugar also generated intense profits, most of which accumulated
not on the plantations themselves but in the European cities that mar-
keted the product and provided the credit for the enterprise.®? Sugar
profits fired the Eurcpean economy and later played an important rele in
sustaining the Industrial Bevelution.

Eurcpean colonization Eransformed the Mew World, and the Mew Warld
in turm contributed bo a transformation under way in Eurcpe. Thers, the
national capitals, metropolises, regional capitals, and even small towns
began in the eightesnth century to escape from the biclogical regime
of famines and epidemics to which they had been subiected since birth.
Access to ovarseas supplies, the spread of the miracle crops, and better

soil management technigques all contributed to the abatement of global
famines; betler transpertation and communications allowed BMECEENCY
aid to relieve local famines quickly. The relationship between urban
masses and the microorganisme that fed on them was also changing.
Mew epidemic outbreahs acted as catabysts for government action, ancl
urban centers siowly began to develop new approaches to public sanita-
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tion (particularly sewage and water controfl-and to ernbrace the new
technalogy of vaccination; that is, they slowly rejected spontaneous adap-
takion to disease In favor of compulsary immunization. Although deliber-
ata inoculatian had been practiced as a folk remedy since ancient times
(in Turkey, for exampla), modern Europaans were the first 1o practice
inoculation on a2 massive scale 28 (Inoculation refers to the practice of
introducing the germs that cause human diseases into the organism; vac-
cination, on the other hand, involves the introduction of closely related
nonfuman diseases, )

Large cities were the first places to develop an unplanned accommaoda-
tion with their microparasites via endemicity, This may explain why "folk"
imgculation technigues first took hold, in England, in villages and smiall
towns (whers the critical human mass to sustain the stable state of
endemicity did not axist), beginning with insculations against smalipox in
1721, This does not mean, of course, that urban inhatdtants were never
incculated (the olites, including the roval scions of England, were) but
that, as McMeill puts it, the prachice of deliberately infroducing smallpasx
in the organism did not “take” in London and other large centers.'®2 True
vaccination for smallpox (Using the weaker cowpox germ) was introduced
in 1728 by Edward Jenner, an English country doctor, and spread from
the bottom of Gentral Place hierarchies upward. In continental Europe,
organized resistance to this practics lasted longer, and it would take the
death of a king (Louis XV} to catalyee the mainland cities into action.
Unlike in Britain, however, here the practice of vaccination spread from
the top down; the first campalgns of vaccination took plade among the
elites, then the armies (by command lrom the top) and, finally, the civil-
iar pepulation, 22 In the colonies, which lacked the crifical human mass
and constant contach with the old world epidemiclogical laboratories
necessary to achieve endemicity (and where, therefore, adult vulnerabil
ity to cisease was greater), urban adoption of the new techniques was
much swifler,

Reliable sourcas of food and the rise of organized medicine helped
European ities and their colonial daughters leave behind the old bio-
logical regime, beginning in the mid sighteanth century, But as this bifur-
cation to & new stable state was taking place, as urban culbure slowly
detached itself from the organic constraints of Tamines and epidemics,
the population of institulions that inhabited European cities underwent a
mementous tfransformation of its own,

Military, medical, educational, and judicial institutions hecame, in a
very real sense, much mare “biclogical™ than before: their hierarchies
pow Felled less on tradition and symbohic gestures and began to exarcise
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ponwer in g form increasingly tailored to the functianing of the human body.
Although the human population explosion that began in the mid sigh-
teenth century did not cause this transformation (in armies, for exarmpla,
the process had started in the sixteenth century), it did hzlp the rdw
breed of organizations ta spread among the institutional population.

The birth of the madern hospital is & good example of the instituticnal
transformaticns taking place, Western doctors had since Antiquity
acquired maedical knowledge almost exclusively from obd authoritative
texts (those of Galen, for example). The emergent medical profassion, in
contrast, organized itself araund hospitals and could for the first time
break away from textual and concentrate on biological bodies, '™ More-
over, this epistemelogical break did net precede the creation of hospitals,
but rather was precipitated by it. The new hospitals embodied a new
and different use of space, one that allowed close chsarvation of disease
and isolation of its cause. Since ocean trade routes were channels where
merchandise, monay, ideas, and germs all flowed together, naval hospi-
tals provided the perfect milieu for disenta ngling the complex cormbina-
tion of factors that caused epidemics:

A part, and a military port is—with its circulation of goods, men signed

up willingly or by force, sailors em barking and dizembarking, diseases and
epidemics~a place of desertion, smuggling, contagion: it is & crosaroads
for dangerous metures, a masting-place for forbidden clreulations, The
naval hospital must therefore treat, but in order to do this it muest be a
filter, & mechanism that pins down and partitions: it must provide & hold
over this whole mobile, swarming mass. by dissipating the eonfusion of ille-
gality and evil. The medical supervisisn of dizaases and tonfagions is
inseparable from a whole series of other controls: the military control over
deserters, fiscal control over commaodities, administrative contral over
rernedias, rations, disappearances, cures, deaths, simulations, Hence the
need ta distribute and partiticn off space in & figarsus manner, 132

Mot anfy hospitals but a whele segment of the population of institutions
changed during the eighteenth century, Tha change may nevertheless be
usefully described in medical terms. Foucault pithily characterized the
Buiding principle behind this institutional transformation in the phrase:
“treat ‘lepers’ as ‘plague victims®."" |n Europe, people suffering from
leprosy {Hansen's disease) had traditionally boen dealt with by confining
them to specizl bulldings (leprosaria) wsually built oufside the walls of
medieval towns, There wera about nineteen thousand such leprosaria by
the thirteenth century.13 The people of a plague stricken town, on the

158

BIGLOGICAL HISTORY: 1700-2000 A0

albier hand, were handled in a very different way, at least in the Mediter-
ranean nations that had established quarantine regulations as earky as
the fiftaenth contury. Rather than being removad from society and lumped
together in one isofated place out of sight, they were instead pinned to
their resldences and observed carefully day after day by special health
inspectors, who registered their condition in writing, creating a flow of
reports linking the observers ko a central command. Hence, these two
infectious diseases elicited different institutional responses, and the
insights gleaned from one could be combined with those arising from the
other —and applied o nonmedical problems. "The leper and his separa-
tion; the plague and its segmentations, The first is marked; the second
analysed and distributed. ... Two ways of exercising power over men, of
controlling their relations, of separating out their dangerous mixiu e, 285
According to Foucault, the three elements enumerated above —system-
atic spatial partitioning, ceaseless inspection, and permanent registra-
tion —which had been put to work in the cpen spacs of the town, were riow
combined in a novel way and applied to the closed space of the hospital.
Eighteenth-century hospitals became oplical machines, places where
the penetrating clinical gaze could be trained and developed, as well as
writing machines, "great laboratories for seriptuary and decumentary
rmethods, 136 whare every detail about visits, checkups, dosages or pre-
scriptions, was carefully recorded. To this extent, these modern “lepro-
garia” had indead intersalized the guarantined urban center. On the other
hand, by administering tests and examinations an the basis of which indi-
viduals ware compuisorily assigned to certain categories (haalthy/Sick,
normal/abnormal), hospitals were adapiing the sirategy of binary division
and branding that had been used in "treating” lepers. In short, the disci-
plinary approaches to disease control did not represent an advanced
“stage” in the evaiution of power; rather, they were new elements added
to A mixture of materials that had been accumulating for centuries.
Mevertheless, whal distinguishes the saventeenth and eighteenth cen-
turies in this regard is the “epidemic” spread of the plague approach o
control, Before this strategy became mineralized in the form of hospitals,
it existed as a dispersed set of tactical contingency plans, heuristic
recipes, and mare or less rationalized policies, with which countries bor-
dering the Mediterranean attempted to cope with the threat of biological
contagion. The fermal policies had spread widely in the south, bul were
unable to penetrate the towns of the northern reglons because a differ-
ent theory of épidemics had become "endamic™ there. Medical profes-
sionals in these cities believed that “miasmas,” nonorganic emanations
from decomposing organic matter, caused infectious disease, not germs
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popassing fram one body to the next. Against this noxious, putreid air, they

" thought, the methods of urban quarantine were useless, and they Blocked
all efforts to implement guarantine policies until about 1880. In that year
with the aid of & much Improved microscope, scientists soon established
the existence of invisible microorganisms. The migsma theory became
xtinct and quarantine methods scon penetrated all the cities of Europe
and her colonies, and even some Islamic towns, 127

This Is only kalf of the story, however. As Foucault reminds us, in addi.

Herrr to formalized and routinized policies that may be transferred as a
whole frem one orgenization to ancther of the same kind, there are alsao
methods and procedures that may diffuse individually through differant
types of organizations: informal techniques of notation and registration;
hewuristic methods for creating, correlating, storing, and retrieving files;
rautines for comparing documents from different fields to create cate-
gories and determineg averages; technigues for the use of partitions to
arganize space; and methods o conduct inspections on and supervise
the behavior of the hurman bedies distributed in thet space. Thus, even
thaugh the spraad of formalized policies from the Mediterranean to the
nerth was effectively blocked by the miasma theory, this informal compao-
nent could still spread contagiously, from one institutional host to the
next, including nonmedical institutions. As new architectural designs for
all these institutions and new examination and documentation technigues
ware developed, the “lepers” [students, workers, prisoners, soldiers)
were indeed tréated as plague victims: carefully assigned to their places,
their behavior {and misbehavior) systematically watched and recorded in
writing. This is not to mply, however, that medical institutions were the
sole saurce of these disciplinary innovations. Armies were alse great inno-
vators in this area, as were some educational erganizations. Foucault
examines the hypothesis that these informal techniques may have spon-
taneously come together and interlocked to form a sell-organized mash-
wirrk, or an "anonymous strategy®™ of domination, In his words, what
formad this strategy was

a multiplicity of often minor processes, of different origin and scatterad
lozation, which overfap, repeat, or imitate one another, support ane
ancther, distinguish themzelves from one another according to their
demain of application, converge and gradually produce the bleeprint of a
general method, They ware atwork in secondary education at a very early
date, later in primary schools; they slewly invested the space of the hospl-
tal; and, in'a few decades, they restructured the military organization, They
sometimes cirgulated very rapidly from one point to another (between the
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army and the technical schacis or socondary schools), sometimes slowlhy
and disereatly (the insidious militarization of the large warkshops), On
almost every ooccasion, they were adopled in response te particular noeds,;
an industrial innovation, a renswed cutbreak of certain epidemic dizeaszes,
the irvention of the rifle or the victorles of Prussia. ... Small acks of cun-
ning endowed with a great power of diffusion, subtle arrangemants, appar-
ently innocent, but profoundly suspicious, mechanisms that cheyed
econcmias toa shametul to be ackaowledged, or pursuad petty farms of

coercion

In addition te entangling human bodies in & net of writing and observa-
tion. some of these Institutions {mostly armies, but also schoels) cap-
tured the enargy of these bodies through the use of continuous physical
exercises, both for training and punishment, and a system of commands
hased on signals that triggered instant obedience. Together, all these ale-
ments produced great “economies of scale.” In the Duteh armies of the
sivtaenth century, for instance, the operation of leading and firing a
weapon was first analyzed into its microcomponents (farty-bwi separate
actions, each associated with a specific command), then “reassambled”
In & way that reduced wasteful movements and improved cmrdinstiur.-.
An army of soldiers whe had “memorized” these efficient sequences in
their bodles by means of continuous drilling became maore than the sum
af its parts: an officer’s command could trigger & synchronized saries of
actions (@ large number of weapons firing simultaneously) producing a
wealid” wall of metallic projectiles, which had a greater impact on enemy
lines than random shooting. ' Collactively, thanks to this disciplinary
technique, these soldisrs had now increased their power, bt individually
thay had completely lost control over their actions in the baktlafizld.
“Discipline increases the forces of the body (in economic terms of utility)
and diminishes these same forces (in political terms of cbedience)." 14

Unlike slavery or serfdom, wherein the body is appropriated as an
undifferantiated whaole, here the micrefeatures of bodily actions wers
what mattered. The new goal was to study bodies and break down their
actions into basic traits, and then to empty them of their know-how and
reprograrmn them with fixed routines. The resulting increase in the “pro-
ductivity” of soldiers explaing why Dutch armies were 5o successful in the
hattlefield. Although drill and discipline did not replace the older and
cruder approaches (slavery, serfdom) but simply became a new addition
to the growing reserveir of ways of harnessing the power of the human
body, their spread nevertheless tagk on epidermic proportions due to the

economias of scale they generated:
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The style of army organization that came into being in Haolland at the closs
of the sixteenth century ., spread. . to Sweden and the Germanies, to
France and England, and even 12 Spain before the seventeenth cenfury had
corme tooa sloge. During the esightesnth century, the contaglon attained a far
greater range: transforming Russia under Fater the Great wilh near revalu-
ticnary forze; infiltrating the Mew Woreld and India as a byproduct of 2 global
struggle for oversess empire in which France and Great Britain were the
profagoenists; and infecting even such culturably allern polity as that of the
Oftorman emplre. 9

Thus far we have described two lines of biclogical history. On one
hand, the aighteenth century saw Europe digesting the warld, transform-
ing it into a supply zone for the provision of energy and raw materials, a
prccess that, ot least in the case of the neo-Eurapes, involved a great
ecological and cultural hemogenization. On the other hand, European
nation-states began digesting their minorities, in the sense that the new
cisgiplinary institutions ambodied homogenizing critenia of normality to
which everyone was now made to conform, Much as standard English or
French were normative criteria emanating from capital cities and imposad
on linguistic minarities alsewhere {Welsh, Scottish, Irish; Languedos,
Catalan, Provengal), so the tests administered by varows instituticns to
determine military performance or health status failad to reflect the cul-
tural diversity encompassed within the borders of nation-states such as
France and England.

Az population growth intensified in Europe after 1750, the new masses
began to be “processed” through the examining, registering, and partis
tioming machines that hospitals, factories, schools, and ather institutions
had become, These institutions acted as sorting devices, weeding out oer-
tamn individuals from the reservoir of "normal” citizens who were used to
fill hierarchical structures with infernally homogenecus ranks. Simultana-
oUsly, surples masses were being exported with unprecedented intensity
to those temperabe araas of the world where replicas of urban and rural
Europa —up to the last weedy detail—had been created. In those ecologi-
cally hemogenized regions, similar institutions proceeded to examing,
decument, and discipline the migrating human masses,

Wa must not, however, lose sight of the fact that just as the creation of
the nec-Europes involved not only hurnans but also crops and livestock,
a0 the new disciplinary institutions processed more than human bodies:
animals and plants, teo, fell under & net of writing and observation.
Exarmining this other half of our biclogical history, its nonhuman hall, will
dllow us to explore the role that economic institutions played in the
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process of organic homegenization. In particulan big business's entry.
into agriculiure provided the impetues to apply disaplinary echnigues ta
the members of the extended human family, Antimarkets had Been
invalved in the flow of bicmass to some extent ever since cities such as
Venice and Amsterdam switched to external suppliers for their food and
dedicatad their ewn land o a varlety of specialized cash crops, including
ail, wine, mulberries, hemp, and flax, Traditionally wealthy merchants had
purchazed langd as a passport @o nobility; in contrast, the infiltration of
the soil by antimarkets was an econgmic investment, and =0 brought with
it the kind of rationalization that yields sconomies of scale B2 But net
until the seventeenth and eightzenth centuries did antimarket institu-
tions" involbverment in agnculture intensify, eventually to the extent that it
sought to control net ooy ffesh bul genes.

Apart from the sugar imported from colonial plantations, the flow of
biomass that fed the exploding population of ninetesnth-century Englamd
came from regions of her countryside that had undergene an "agrarian
revalution” between 1630 and 1800, &n important component of this rev.
olution was the development of new technigues for breeding flivestock,
The genes of farm animals had been under human control for a long
time, of course, managing to escape only under rare circumstances (when
domasticates became feral), But a more systematic (if prescientitic)
atternpt at manipulating the flow of genes through generaticns didn't come
until the agrarian revolution. The Dutch bred much larger cattle while the
British bred sheep that produced superior woal, and as these breeding
practices spread, so did the use of continuous observation and registra-
tian, which alene made more pracise genetic control, and the consequent
(sometimes damaging) genetic homogenization, possible:

&% the time of the Industrial and Agrarian Revolutions both pedigrees and
aconomic data were recarded. (Milclal centralized records of pedigrees ware
intraciuced with the founding of the Ganeral Stud Book in 1791 and Coates’
Herd Book in 1882, Many of the genetic advantages and limitations of pedi-
grea records are obvipus. The most serisus limitation has been the gradual
build-up of & pedigree mystique, i.e. that pedigree animals are "superion”
“mrapotent™ ete, by wirtue of their pedigree, This has led many breeders to
cancentrate on the reproduction of & stereatype —tha axtrerme of which can
be seep in a nember of modern dog breads where the condition has often
resulted in the incidence at high frequency of undesirable genes. ... [Some
pedigres menopolies and regulatory acts] certainly improved the lewer level
of non-pedigres English cattle by eliminating casual mating with “frings”
bulls of often inferior quality. Howeaver, such licensing acts have lended to
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bacome loo rigid in applicabon, faciitating the “fessilization” of cartain
breads in the lace of changing economic requirements 42

Histarically, pedigres breeds have always tended to become hierarchi-
cal structures, wherein a small, dominant group of bresders supplies
genes to subprdinate ranks, called “multiphiers,” which in turn pass them
Qi o yel lower ranks, in 8 completely top-down gene flow. This tightly
constrained flow was supposed o guarantes uniformity and superior
quality. and yet there is evidence that bottom-up fNow can, in some cir-
cumstances, produds breeds superior 1o homogenized pedigreas. B9 At
first, however, the pedigres breeds’ productivity was great, and this
alfowed the hierarchical pedigrees that emerged in gighteenth-century
England (especially sheep and pigs) to thrive and then spread, aided by
large agricultural shows whare new machinary and champion bresds
wire exhibited. 192 Thus, much as transaceanic navigation had accelerated
the genetic homogenization of certain parts of the world {by allowing
massive transfers of species), the creation of monopolies and oligopolies
around the flow of livestock genes fostered the destruction of genetic
heterogeneity in Europe,

Thasa genatically "weall-disciplined” animals wers anly ane component
of the agrarian revolution. There were new crops as well, particularly
fodder crops, and a few new machines (the seed drill, for example), but
the most important innovation was the introduction of more routinized
methods far the production of food, for Bath humans and livestock, And,
of course, typical of any endeaver of antimarket institutions, these meth-
s were implemanted on a large scale. The new synergistic combination
of elements was called “the Norfolk system,” after the region in England
where it first triumphed, We must distinguish, however, two different
components of this system. Unlike the case of large-zcale management
and labor discipline; the basic meshwork that gave the new system its
self-sustalnability was not introduced by big business but was the creation
of market econormies, The dynamic cities of fifteenth-century Flanders
{Bruges, Ypres, Ghent) stimulated their countrysides inte producing
the basic innovations. In Flanders, 85 one eminent histerian has put it,
urban life spread like "an infection which roused the peasant from his
age-long torpor. 140

At the time of the Norfolk system’s creation —that is, before it was
adopted by antimarket institQtions and before it was called the Naorfolk
systam —the most widespread system of agriculture consisted of simple
crop rotation: & farm was divided inte two (or more) parts, one used for
grain crops and the other left fallow, not to et the sol “rest" (soils do
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not spontaneoushy recover their fertility in a single season), but to allow: |
“farmers o keep weeds at bay by interrupting their natural life cycle
with the plow, "= Denying soll nutrients o weeds and keeping predatars
from eating livestock were the primary ways in which humans shortened
food chaing; consegquently, crop rotalion was a crucial compenent of the
cld methed. The Flemish contribution to the agricultural intensification was
to eliminate the fallow period by alternating grain crops with fodder crops
(such as clover). As the Dutch historian Jan De Vries has argued, popula-
tion growth aften trapped the old method inbo a viciows circle: as demand
for human food incraased, more land was devoted to grain production
and less to pasture, which diminished herd sizes as well a5 the amount of
manurg availabde, and this in urn reduced seil Fertility, A% yvields declined,
a higher percentage of the land had tc be usad for grain, exacerbating
the cvarall decling, 198

Turning this viciows cirche into a virfuous gircle mvalved rearganizing
the rotation system =o that arable lands could contribute o the fodder
supply, This meant planting clover {or, later on, alfalfa or turnips) instead
of letting land lay fallow, Feeding these crops o cattle, in turm, allowed
herds to increase in size and hance to multiply manure suppliss. More-
aver, continuously feeding manure back into the soil, as well 2s using fod-
der crops to bind the soil and prevent it from escaping the system via
wiater or wind arcsion, meant fightening the nuwirisnt cycles, a procaess that
takes place spontanecusly in mature ecasystems and greatly contributes
to their resilienoy.

Flanders, a highly urbanized area, was amang the least feudalized
regions in Eurepe, which goss a long way in explaining why the new agri-
cultural methods developed thers, That the region was not feudal, how-
ever, does not maan it was "capitalist.” &s | hava repeatedly poinded aut,
private property and commercialization do not necezsarily imply the pres-
ence of antimarkets. Indeed, De Yries explicitly marks this difference by
developing two separate models to analyze the evoluticn of this agricul-
tuiral reglme, one Based on market invelvement, the other antimarket. 119

The Flemish methad, further developed in the Netherlands, soon found
ite way to England, where it was emploved on a large scale and subjected
e disciplinary management. Only after the English maodified the system
was there a truly "capitalisl”™ agriculture. In eighteenth-century England,
vast tracts of land were submitted to the new intensive methods and
erclosed an all sides with hedges. Landowners and the farmers of large
holdings reaped the banefits of the new productivity, while countryside
gtrata flandiords, tenants, and de-skiiled laborers) hardened, reducing
the numbar of intermediate classes (small holders, rural tradesrmen), =
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Thesa “waell disciplined” lands fed the growing British population, 'a.'su.h-

stantial portion of which would provide the raw muscular energy and

ckills for the new industrial towns and conurbations for bwo centuries,
By the mid 1200z, large-scale agriculture in England was eclipsed by

similar but even larger enterprises in the neo-Europes: the United Statas,
Australiz, and Argentina. In these places (as wall a5 in Siberia) the mesh-

work that characterized the Morfolk system acquired new nodes {in the
form of mew machines, such as MeCormick's reaper, which automated
sorme aspects of harvesting) 2nd much greater proportions. ™ Moreaover,
the wary tight nutrient cycles that characterized the Morfolk system weare
suddenty spiit wide open as natural and artificial fertilizers began to be
usad im agricultural production, = In the United States, for example,
fartilizar bagan to flow in from as far away as Chile. 2% Mot anly were the
nutrient cycles cpaned to inputs from distant origins, thelr outputs

were also diverced from the soil the nitrogen and phospharous in many
fartifizars ware not completely absorbed by plants (almost half of these
nutrients was wasted) and escaped the Narfolk system, seeping into the
groundwaler and oversnriching it i a process called eutrophication, =4
Moreovar, every nutrient flow that came from cutside the farm was cne
mcre pant of entry for antimarkets, and, hence, represented a further
I0ss of control by the food producers. & century later, as we will see,
corporations would genetically engineer crops that raquired axcessive
fertilization, thus etching entry points for antimarkets into the crops!
VEFY BEnEs,

Althaugh this kKind of neartotal genetic conbrol cver the flow of plant
biomass would not be realized until the late twentieth century, the disci-
plining of plant genes was already practiced in the late ninetesnth and
early twentieth centuries, Plant pedigree hierarchies lagged behind their
fiwestock counterparts, but when they finally materialized the degree
of human control over them was much greater. And that manipulation
of plant genes would lead to 2 process of genetic homogenization that
dwarfed all earlier homogenizing trands.

As often the case, more than one kind of institution was invelved in
this process. In particularn certain government agendes in the neo-
Europes fad the way to the creation of plant pedigrees. In 1262, as the
western frontier was officially opened in the United States, a department
of agriculture (the USDA) was created for the purpose of collecting, prop-
agating, and distributing seeds for crop plants. Land-grant universities
and experimental-agriculiure stations were also created to help develop
botter piant varieties and multiply them; that is, planting them only as &
source of genetic materials. 155
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The first plant to be captured in the net of observation and writ] i
corn, chosen for the accessibility and manipulakility of its 5-3:.;”":,! .‘1 ,_-.

inbirad f,lna.s repeatedly crossing a given strain with itzelf, antif t‘-‘-&rl‘a{ﬁ.‘,tg -
genes were eliminated and others driven to fization. Despite the Hpmjr,,n“:'
gres mystigue,” it soon became cbwvious that such extreme hopy T :
actually had damaging effects on the plants, but by 190% a rbaw-tm-,. =
nigue had been developed to compensate for this: crossing twa mw o
inbred lines of corn kept the "desirable™ traits in their progeny wﬁlh g;["jq,
inating some of the undeslrshla cnes. This process produced 'WI'm’q ¢éu-n¢_
to be known as "hybrid corn® Al e

.....

Afthough hybrid eorn was first introduced to farmers in 1926, only abouy
ene percant of the acreage in the Corn Belt was planted to hybrid varlaties
by 1933. This changad rapidly, however, and by 1944 more than eighty-" :
eight parcent of the Corn Belt was planted to hybrid cern. Yialds m':réﬁsa_tl'
dramatically; “corn power™ had arrived, ... With hybrid corn, enly those who
knaw the parent lines and breeding sequence knew how to make The I'ilghj-'
yielding hybrids - called a “closed pedigree' in the business—and this |
knowledga was legally protected as atrade secret, More importantly from

the business standpoint, farmers could not save and reuss hybrid seed the |
following year and abtain the same yield, since “hybrid viger” would decline.
with centinuing use of the seed. Farmers had to return to the seed compa-
nies to buy new seed sach year, ' :

=

e oy g A

Hybrid corn was the product of one homogenizing operation (which cre-
ated the parent inbred fines) foliowed by oné or rmore heterogenizing
operations {crossing the inbreds to maintain hybrid vigor), However, dus
to the hierarchical structure of pedigrees and of the oligopolistic practices
bizhind their spread, the whole process was crowned with another (and
mare powerful) hemagenization: in the nineteenth centery the gene pos
of Armerican corn was rich in variety, but by World Wer [l most of those
genes had been driven out and replaced by the ctoned genetic materials
from a few parental lines.

At the time, this process was considered “progress,” but the hemags-
nization of the Corn Belt {and other focd-producing regions) was indeed
extrernely dangerous. Although crops and livestock have from ancient
times been as susceptible to epidemics as human populations, a certain
degree of heterogeneity in their genetic makeup protected them from
axtinction. While gome of the individual plants in a field would perish
under the anslaught of disease, othars would survive and continue the
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line, But when B0 percent of the plants in a glven population are virtually
clongs, the moment & new micreorganism hits on a “genetic window,”
there are no obstacles to its spread. This is exactly what happenad sev-
eral decades ago, when a neéw fungus found an entry peint that enabled
it to elude hybrid corn’s defenses:

Reproducing rapidly in the unusuzlly warm and molst weather of 1970,
[the tungus's] spores carried on the wind, the new disease began moving
nerthward toward a full-scale invasion of America’s vast corn empire. ...
The new fungus movad like wildfire through one comn field after another,
In some cases it would wipe out an entire stand of corn in ten days. . ..
The Turmgus movad swiftly through Georgia, Mabama, and Kentucky, and
by June its airborme spores were hesded straight for the nation's Carn
Belt, where sighty-five percent of all American corn is grown, 57

As5 it happened, after a good part of the year's crop had been destroyed,
a change in the weather and emergency measures that wers taken saved
the day. But the epidemic had alresdy made clear the dangers of homog-
enization and the leng-term consequences of decisions made three or
four decades before, Mareover, after the initial successes with corn,
hybridization technigues spread to other plants (e.g., alfalfa and sorghum)
and then, in the 1940s, to animals =first chickens and later on cattle, 5
The resulting genetic unilormity has made many industrialized nations
“gene poar' countries that now view with envy the genetic resources of
their “gene rich” underdeveloped neghtors,

Evan before hybridization technigues had “genetically disciplined”
corn, the earlier successes of livestock pedigree hiérarchias had inspired
some sientists to dream of applving selective breeding technigues to
human beings. In the second half of the ninetesnth century, when Fran-
cis Galton coined the term “eugenics,” a widespread movement sought to
give disciplinary institutions control over the flow of human gensetic rmate-
rigiz. The movement gained momentum in the early twentieth century,
particularly after the rediscovary of Mendel's work on heradity and the
establishrment of genes as the carriers of hereditary information, The
idea of “impraving” human beings through selective breading was not
new (it is at least as old as Plato’s®), but in the early twentieth century it
meshed wall with the development and spread of hospitals, prisons, and
other instituticns that reutinely partitioned, examined, and documented
human beings. In other words, while the dream of “genetic hyglenes” rraay
b old, the tools for its implementation were just reaching maturity and
spreading through the population of institutions. Special organizations
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such-as the Eugenics Record Office came to life inthe United States (as
well a5 in England and Germany) and ook on the task of subjecting the
human gene poal to the system of continuous writing and observatian:

Resaarchers at or affiliated with these laboragtories gathered information
bearsng on hurnan heredity by examining medical records or conducting
extended family studies, aften relying upon field-workers 1o construet trait
pedigrees in sclected populations = say, 1he residents of & rural cormmunity
—uan the basis of intarviews and the examination of genealogical records.,
By 1926, as a result of it survays and studies, the Eugenics Record Office
had accumulated about 65,000 sheels of manuscript feld reports, 30,000
sheets of spacial traits records, 8,500 family trait schedules, and 1,900
printed genealogies, town histeres, and biographies, =2

Although the scientific value of mest of these data was minimal (only
the refatively few heritable traits that dependad on a single gene could be
trapped in this net), it3 social consequences were not. Informed by very
primitive thinking about genetics, where even the most complex disposi-
tiona were reified inko simple entities and linked with single genes, Arreri-
can eugenicists managed to involve several institutions directly in the
control of the flow of human genstic materials, Beginning with Indiana in
1807, over twenty states passed compulzory sterilization laws in an overl
attermpt to eliminate certain genes from the pool. Despite the fact that
most of these "genes™ were spurkous (&g, drunkenness, feebleminded-
ness, and vagrancy “genes"), thousands of people were sterilized and
continued o be forcefully disconnected from the gene pool even after the
eugenics movamant had died. Additionally, fearing the great influx of
sapthern European blaod, the tail end of the mazsive human wave that
came to the neo-Eurapes in the ninsteenth and twentieth centuries, immi-
gration authorities passed laws ko restrict the kind of genes that came
infa the United States. Although the Immigration Restriction Act of 1924
did not explicitly phrase its policy in eugenic terms, it is clear {as Stephen
Jay Gould has argued) that it was intended to favor the entry of northern
Eurapean “stock” at the expense of gene pools deemed inferiorn =

The practice of immigration control is particulary relevant here bacause
it involved a new fype of examination technigue that is st used today as
a “sorting device”: the IQ test. Originaliy created (by Alired Binel Detween
1905 and 1908} as a2n aid to detect children who may need special educa-
tion, it was transformed by American sugenicists into-a routing device for
besting and ranking all children and aduits according to their (supposedly
heritabied mental worth. 92 An essence of “ratienality”™ was postulated,
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reified into @ “thing™ in the brain, and then associated with a single “gene”
whose presence or absence from the gene pool was susceptible to institu-

tonal manipulation. Regardless of the fact that the test mostly measured
familiarity with American culture, mastery of the “the arcana of bowling,
commercial products, and film stars,' 82 it became a routinized proca-
dure te brand immigrants according to their genetic endawment, It was
also directly connected with the sterilization campalgn, since low 1Q
scores were thought to signal "fesblemindedness,” a supposadly herita-
ble condition that endangered the integrity of the Americen gens pacl,
Although eugenics was eventually discredited when Mazi Germany
showed the world just what such gernetic “improvement” could lead to if
implemented on a large enough scale, this did not mean that the human
body escaped the net of writing and cbservation Inte which it had been
drawn twio or thres centuries esrlier; there were other meaans of control-
ling its capabiliti¢s which were unrelated to crude genetic cleansing
campaigns, We may divide these into two types, following the distinction
biclogists make between soma and germ ling: the latter refars primarily
b cells with reproductive capacity (eges and sperm), but may also be
saidd to include all Ehe tissues and organs that make up our reproductive
systemn, while the former incfudes all the other systems {digestive, mus-
cular, nervous, ete) that form the rest of the bady. In terms of social
conbrol over the soma, it has principally been the male bady that has
sufferad the effects of disciplinary technigues. Mot only were drill and
surveillance developed in exclusivaly male armies, but large masses
of male Bodies were used as cannan fodder from the Mapoleanic Wars
through World War |, {In the iatter, an entire generation was used to
“feed” enemy artillery) In terms of the germ ling, on the other hand,
the female body has borne the brunt of Intense examination and regis-
tration technigues.

in the United States during the nineteenth century through the ascen-

-~ Avery Important institutional encroachment on the germ line ocourred
1%

dance of obstetrics and gynecology, Bebween them, these new spacialties
managed In a few decades to acquire a virtual monopaly aver the rmeth-
ods and practices used to assist in childbirth. “In the [early] twentieth
century, physicians pushed for ‘obstetrical reform,” which largely alimi-
nated rmidwives and moved birth from the home to the hospital. While in
1900, fewar than 5 percent of American women deliverad in hospitals,

by 1540, about kalf did and By 1960, altmast all.” = A5 medical studies
(b doctors) have revealed, during the period of time in which hospitals
toak owvar from traditional practices this crucial positicn in the flow af
genetic maberials, obstebricians wore causing more damage to womean
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decreased from 50 te 15 perce nt. pesrinakal infant m::-rtallt}n
ing the first decade of the twentieth century, midwives | in umr
significantly superior o doctors in preventing stillbirths and ;h .
Far example, Newark's maternal maorkality rate of 1.7 per 14 {I(H} ,‘.. 1
te 1916 among mothers daliverad by midwives compared -+..- 3 “?U
the &5 par 1,000 rate in Boston, where midwives were banne_d\_
.J"lm 2
In the long run, as rationalization and reutinkzation g:we rjs q..
mies of scale, hospltals may have bacorme betler pia-:a.ﬁ 'rm{ LIFT:
be baorn, at least in terms of decreased mortality. The pmh‘lm,
assembly-line factories, was that this increased * Frf':bdl.ll:iw!t'_l,r"_-‘:_ -__1{1_'
hidden costs in terms of loss of condral (for the women gwlng i
with all dizciplinary institutions, a tree accounting must inﬂm__:lj
foroes that increase (in economic termis of whility) and those tha
{in political terms of abedience). Sedated women giving birth Fn.fi
not anly lost control over declsions made during labor (for mﬁtﬁ
whiether or not any surgical intervention is reguired) but also ove {‘,-

functions later on: {:-.1 b

In thie 19305 physicians began replacing the woman's braast_n_iﬂii.:_ ]
earty Gerber advertisement for baby formula called “a varlable sxen e
with formula, 8 product increasingly avallable from dreg and. t'ﬂHk* H -
NG5, .. . To digcourage nursing on demand, they separated rnn!h&'r. Lk
child. They established rules requiring feedings at intervals of mim R
four hours. ... In the nurseries, babies were fed supplemental botthes witnes e
out the n‘l-;‘;-‘l:h&:’ s knowledge. Conseguently, the babies were not |'fllFI ; -
when brought to the mother, Without sufficient suckling thea I'I'I':!ﬂ‘ﬂhdﬂc._-. "
dried up.... By the 19405 the proportion of women breast-feading, WIth
without supplemental bottles. had dropped to 65 parcent, By 1955; it q-_raa_tjh
deown to 37 percent; by 1966, 27 percent,®% i =

Despite the current revival of midwilery (and breast feeding), thE tmﬂ‘-‘ .
ter of birth from private homes to public spaces of observation Br'lt'r writ- _ .
ing was an institutional encreachment on the human germ liné. And this L
takecver complementad the earlier snaring of our soma in a 5H‘I‘H|3T nutﬂf
compulsery tests and records. The Franch military, which pinnaered the
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routinization of industrial preduction in itz elghtesnth-century arsenals,
wis perhaps the first @0 combine the effects of drill with these ol hygiens
and medicing to produce not only obedient but healthy bodies, The mas-
sive armies of urban proportions with which Napoleon conguered Europe
weare epidemiologically akin to citkes, Only the combined effects of com-
pulsery vaccination, a ritual attention to cleanliness, and a medical corps
with a clear chain of command made possible these otharwise improdent
mixtures of recruits from regions not normally in close conbact with one
another 167
" Thus far we have explored the two halves of aur biclogical history, the
history of our own flesh and blood as well as the nenhuman genes and
biemass under cur control. However, as we have already seen, the history
af urban alimentary pyramids needs o be complemented by analysis of
the farger biclogical meshwork of which cities and towns are a part. More
specifically, we need Lo return B2 the microscopic component of those
food wibs, the world of infecticus diseases that continue to feed om our
bodies and hence shori-clrewit our tightly Tocused biomass flow, More-
aver, micreorganisms inleract not only with our organic bodies but also
with our institutions, exerting selection pressures on them and thereby
acting as sorting devices for the routines that thess institutional replica-
tors fransmit vertically and horizentally.

Much as the plague stimulated the creation of the methods and routines
that wouid later on mineralize inte hospitals, the cholera epidemics of
the ninetesnth and twentieth centuries catalyzed into existence a number
of urban institutions concerned with public health-and, hygieneg, in British
towns, local boards of heglth emerged as a responss to the first outbreak
in 1832, A second wave hit in 1848, and this time a centralized agency
wis created to implement far-reaching programs of public sanitation,
Chelera iz a waterborne disease, and so the response to it necessarily
invedved new systems of water supply and sewage disposal. The intrusive
character af the infrastructure that was needed (plpes running under pri-
vate property, for exarmple), as well as the then-dominant miasma theary
of epidemics (which favored air and earth as transmitters), generated
risistance to the project, and it tock the intense fesr that cholera inspired
to overcome these ohstacies, Similar situations cropped up in other parts
of Eurcpe, a5 well as in the lands Europeans had setted:

Spread [of the new policies] to other countries ocourred relatively rapidly,
thowgh not infraquently it took the same stimulus of an approaching
apidemic of cholera to compel local vested interests to yield to advocates
ol sanitary reform. Thus, in the United States, # was not until 1866 that
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@ cormparable Board of Health was established in Mow 'fn;k :
en the British prototype and inspired by identical appmh'éh_-;};i"
imminence of a new cholera epidermic, In the absence of this s
fus, such a great city as Hamburg persisted in postponing . Gl:ia.ﬂjr
mients of its water supphy until 1892, when a visitation of thﬂﬁﬁi'
beyond all reazonable doult that a contaminated water supppjl. ﬁh s
tha disease, =8

% ;{_

Z'.‘i‘*
McMeitl calls cholera the first “industrial disease” not beta‘u@*
ginated in factory towns (it did not) but because it had reachgq
frem India thanks to new transportation technologies such as the
steamship and the railroad. These channegls allowed r'!'lli::runrg.n'u
travel farther and faster than evar before: a cholora #pll:laml:; H;| __
in Bengal in 1826 reached eastern Europe in 1231, the Unlt&-ﬂ
1832, and Mexico in 1823.9% Consequently, cholera also cata
first attempts at international cooperation in responding to epldem
{fs early as 1831, Europeans were collaborating with Egyptiana
in tracking the course of the disease.) When steamships b-agaﬁ'g& |
ing the workd's maritime gateways around 1870, the range of ha
that could be colonized ol anly by germs but by weeds {rats Eln i
fleas) increased greatly. In the 1B90s, a new epidemic of bul:.mhg
broke out in China and by 1894 had reached Canton and Hong. H.n‘
From there steamships carried the infected rats and fleas to Gthnl' il
fram which, inturn, the disease spread into burrowing rodent r:u-m
ties elsawhere, Although international teams of doctors and @ number
prophylactic measures managed to contain the spread of plague to
hurmans, even today new versions of plague areg evelving in undergm
redent “cities,” seme capable of infecting people: f

Plague was brought by ship to the northwest of America around 19ﬂﬂ
Abaut 200 deaths were recarded in the three-year San Francisco Epidb?ﬁﬁ'
which started just after the earthguake in 1906 As a result;, the wesfam o
part of the L1.5.A., particularly Mew Mexico, is now one of the two I-!TE'H"I f_':_ e
residugl foci of plague (in mice and vales particufarhy) in the world —the ._:
other is in Russia. The plague bacillus has spread staadily eastwards’ Il'mﬂ HiESs
the wast coast and in 1984 was found among animalz in the mid-west TH'!{ -
wave Tront has moved on average abaut 35 miles a year, ... If, or rether,
when, plague reaches the east coast of the LS. A, with its large urban !
areas, the potential for a serious epidemic will be considerable. New York, t
for example, has an estimated rat population of ane rat per human; and
mice —Mse effective disease carriers — probably numBber morg, e
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As this example llustrates, the fact that madern medicine has gained a
larger measure of control over microorganisms does not mean that we
have ceasad to form a meshwork with bacteria, viruses, plasmodia, fungi,
and other “weeds.” But the command elements in the overall mixture
have increased, and this has had important historical consegquences, To
begin with, the medical and public health institutions that were genarated
in our clash with epidermics ma ﬂﬂ_ﬂ&d to push cities across a threshold
around the year 1900 for the first time in the milennium (and perhaps in
historyy large cltles were able fo reproduce their human populations with-
out a constant flow of immigrants from the countryside. The city became,
in a sense, self-reproductiva.

Then international emigration flows received a boost as milltary medi-
cine, now able to implement hygienic and immunological programs by
command, allowed armies to break away from old biglogical regimmes and
opened new areas for eolonization, Some of the great colonial enterprizes
of the late nineteenth cendury —the cpening of the Panama Canal by the
United States (in 1904} and the carving up of the African continent by
gseveral EUropean powers—were made pogsible by the increased control
ower malaria and yellow fever achisved by military medicine. The vector
of both diseaszes {mosquitces) was brought inte the disciplimary net by a
rigorous sanitary police “supported and sustained by meticulous obser
vation of rmosguito numbers and patterns of behavior™17

But the real breakthroughin the attempt to submmit microorganisms to
pyramidal control cocurred when laboratories learned how to Burn microbe
against microbe on an industrial scale. This took place during Weorld War [,
with the development of a series of new chemicals, such as penicillin and
sulfas. When the term antibiatic was Inteoduced in 1942, it was deflned as
any chemical substance produced by a microorganism capable of disturb-
ing a vital link in the metabolism of another ene, thus Killing it or inhibit-
ing its growth.t™ (Today some antibiotics are chemically synthesized, so
the definition has been broadened.) These naturally occurring substances
rmay be the product of arms races betwesn microbes {similar to those
between predators and their prey), and their existence had been Known
for several decades prior to the war But not until the 1940 did the war
on disease possess the industrial methods needed to force & “microbial
proletariat”™ to mass-produce these chemical weapons.

Although antibiotics did prove decisive in winning the first battles,
they did net allew medical institutions to win the war. The problem was
that, as it turned ouk, microbes offered these weapons a constantly mow-
ing target. The flow of genss in microorganisms, unlike large animals
and plants, iz not rigidly hierarchical; even those microbas that repro-
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duce sexually (and thus channel genes “verticallhy,” as we do) alse com-
mishicate “hanzantally” with one another, freely transferring pieces of
genetic information across strains and even species. Scon aftar World
War I, genes that conferred resistance to antibiotics ward promptly trans-
ferred from ane species of bacterlum to another. Since penicillin's initial
use in 1941, a majority of its targets (staphyiocooci} have become resis-
tant ta it Y% Pumping massive amounts of antibiotics into animal and
human intestinal tracts worsened the situation by creating the perfact
environment for the selection {on an egqually massive scale) of new resis-
tant strains, Today, nearly every disease known to medicine has becomes
rasistant to at least one antibiotic, and several are immune to more than
che. It seems clear now that we will continue to form a meshwork with
the microwerld despite all the advances in medical science. & similar
point applies to plant and insect “weeds.” Because of the massive appli-
catlons of DOT {and other members of its chamical famuly}y te shorien
urban food chains, some sclentists belleve that the cnly weeds that will
be arcund in urbanized regions by the year 2000 are those resistant to
these pesficldes. 27

Thus, a new arms race developed, this time between hierarchical med-
ical institutions and the rapidly evolving meshwork of microbes, [nthe
latest reund of this contest, the vary machinary behind the herizontal
transfer of genes among bacteria was recruited to serve the bacteria’s
very enemy. The mechanism invalves at least beo components: jumping
genes and a vector of transmission {plasmids, transposons). The discov-
ery that pieces of genetic information can move around in a chroma-
same dates to the late 1940%, but it teak decades before the entrenched
arthodoxy could accommodate the naw ideas. Today we know that genes
not only can move arcundg inside the nucleus, they can also “jump” out
into the cytoplasm and become incorporated into organelles {such as
plasmids), which repreduce on their own within the cell. Plasmids can
travel from one cell o another (or one bacterium to another} and deliver
the “jumping gena,” which then incerporates itself inta the nuclear DMA
of the new call and thus becomes heritable. This mechanism may explain
how rasistance to antibiotics spread o rapidly among the population of
rmicrohes.

With the discovery of gene-splicing and gene-gluing enzymes, as well
as the other technigues of blotechnoelogy, human researchers wers abls
to exploit this maechanism and take genetic materials from cne living
creature, attach them to a2 plasmid {or other vector), and then inject them
into & dilferent creature, ineffect, creating "chimeras™: animals, plants,
or microbes with the genebic characteristics of twa or more different

frti it
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speclies ' The practical value of chimeras for the arms race betwaan
medical institutions and microbial evolulion is this: genes that code for
specific enzymes (or other proteins) with potential medical applications
can now be incorporated into 2n sasy-to-cultivate cell, using its own
machimery (o “translate” the gens into 8 prolein, By cloning this chimeric
cell repeatedly, large populations of protein producers can be created
and their product harvested through a variety of methods,

Faradoxically, the very procedures employed Lo deny microparasilas
access bo the urban flow of biomass allowsd macroparasites (espacially
antimarket institutions) o insert themselves at multiple points in the food
chain. As wa saw abova, this trend began with the introduction of chemi-
cal fertilizers {as well as herbicides and insecticides), which are manu-
tactured far from the farm and which split open the nutrient cycles that
had been closed for centuries. While a century and a half ago American
farms produced most of what they needad (running on fight nutrient
cvcles), today they recelve up to 70 percent of their inputs (including
seed) from the outside.!”? Bictechnology is accalerating this trend, but it
did nat creata if.

Take, for example, the green revolution of the 19508, Mew plant hybrids
with genes that directad most photosynthetic activity to the production of
edible grain {as opposed to inedible stems) were introduced in the Third
Werld, with the admirable goal of making those countries nutritionally sell-
sufficiant. And, indaed, the much higher yialds of thase “miracla™ plants
did for & while strengthen the food base of countries such as Mexico, the
Ehillppines, and India, The catch was that the new breeds required large
amaunts of outside inputs (fertilizer) to perform their miracies, and in the
absence of chemical fertilizer their yields were not nearly as impressive.
The situation was simnilar to that of steam power: in order B2 get high out-
puts of mechanical energy, inbense inputs of coal ware needed. In other
words, this kind of setup profited from economies of scale and therefore
benefited large tarmers, ggering & process of consolidation in which
rmiany small farms disappeared. Open nutrient cycles also made farmers
wvulnerable to outside monopolies: when the Arab oil cartel began raising
prices in the earky 19705, fertilizer costs increased dramatically and the
green revolution colfapsed. Worsa yet, clonas of the new plants now domi-
nated the local gene pools and many genetic materials of traditional vari-
aties {which did not depend on fertifizer) had been 1051, making it very
hard to turn back the clock.t™

Tha homogenization of the genetic base of craps and livestock reached
high peaks of intensity in the last few decades, And the genes that gre
being selected now, unlike during the Green Revolution, are not those that
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increase the nutritional value of biomass, but rather its adaptability to homa-
Beneaws faciory rowtines. For instance, in the 1950= and 19605, mangiac.
turers of farm machinery worked together with plant breeders to fit new
vegetable vaneties 10 the demands of routinization and rationalization.
Genes that caused vegetables to vield uniform shapes and sizes, as well a5
to mature simultanzously to allow harvesting at the same time, made it
aasler o adapt vegetable preduction to machines and to factory schedules:

Crops in the field must first meet the tests of yvield, uniform growth, and
simultanacus maturity. After this, thedr frult or kernels must be able to with-
stand the rigors of mechanical harvesting, repeated bandling, and various
kinds of transport from gne point to another Mext comea the trials of steam-
ing, crushing, or canning. In some cases, the raw agriculfural crop must
"store well” or “travel well,”™ or be geod for freezing or frying, And ganes are
the keys to meeting each of these steps in the food-making process; the
genes that control the field-to-table characteristics of svery crap from broc.
coll te wheat, In this process the genes that matter are those of yield, ten-
sile strength. durability. and long shelf lifa. However, the genes for nutriticn
—if conskdared at sll —are far the most parl ignored, 178

I somme cases, the genetic materials behind “well-disciplined™ processing
propertias are in direct opposition te those improving nutrntional value
{that iz, breeding for one eliminates the other), Consequently, the latter
could vary well disappear from these new plants, and as clones of the
new varieties spread, the genes of ofd varisties will begin to disappear
from the gene pool. Hence, the evolution of crops (and livestock) is truly
being driven from the processing end of the food chain. A few centuries
ago, cultures {Islamic, Eurcpean) were the main vectors for the transmiz-
sion of genes across ecosystems; today, corporations have inherited this
homagenizing ask. McDonalds, for instance, is now the main agent of
propagation of the ganes behind the Burbank potato; the Adelph Coors
Company, of the genes for the Moravian 11l barley; and the Quaker Oats
Campany, of the genetic base of a faw variaties of white corn hybrids, 1™
Biotechnology is bound to intensify this homogenization even more,
Although most biotechnological innovations were developed by small
companies, these innovatars are being digested through vartical and hori-
zontal integration and incorporated into the tisswes of multinational cor-
porations, in many cases the same ones who 3|FEHI.'-|]{ awn seed, tertilizer,
and pesticide divisions, Rather than transferring pest-resistant genes into
new crop plants, these corporations are permanently fixing dependencea
an chamicals into crops” genetic base. For instance, corporations such as
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DuFont and Monsanto, which create weed killers, need to develop crops
that withstand these chemical attacks. Thus they are transferring the
genes from weads that have developed resistance to these substances to
new crip varieties, and thereby genstically fraszing farmers” dapendence
on external inputs, 8

Farm animals are suffering a similar fate. For instance, “well-disciplined”
pigs and cows —that is, livestock that are capable of withstanding the
stresses of confinement and that possess the uniform characteristics
demanded by meat-packaging specifications—ara today being brad or
enginesred, Moreovear, the techniques used to exercise tighter control
ovar the flow of genes across animal penerations {artificial insemination,
in witro fertilization, and embryo transfer) were soon applied to humans,
ence the technigues had proven themselves “safe™ and effective. Need-
less to say, despite the recent revival of eugenics (exemplitied, for exam-
ple, in the creaticn of human sperm banks9} and the ongoing human
gename pregram (which aims for complete genefic self-knowledge by the
first decade of the now millennium}, the hemopenizing consequences for
our species will not be nearly as dramatic as for our crops and lvestock.
Given that our flesh does net flow in the urban food pyramid, we hardly
risk being forcefully "evelved'” by food processors and packagers, And
yet, B3 we saw before, there are real dangers in human genetic manipula-
tan, though the dangers lie elsewhere,

The institutioral strategies of continucus examination and recording
that had been developed to fight the plague were first applied to humans,
and only later to plant and animal pedigress, Genetic tests, such as those
Being dovaloped 1o screen us for heritable diseases (the main rationale
behind the human genome pregram), will be added to the growing arse-
nal of examination procedures already used by many Institutions to
sereen and sorl buman beings, Maoreaver, many of the genetic diseases
that will in the naar future become detectabla through genetic tasting fack
any effective madical treatment or cure. Under these circumstances, 2l a
genetic lest witl do @5 brand certain individuals as carriers of the disease,
Thus, as soma critics of genatic testing have argued, "We rizk increasing
the number of people defined as unemployvables, uneducahle, or uRinsur-
able, We risk creating a biological underclass, "=

In this chapter we have followed the history of the different biological
components of urban dynamics. These must be added to the flows of
mineral matter-energy that traverse Westarn urban societies, We have
nated repastedly that, in addition to the construction materials for our
homes and bodies (stone and genes, live and fossil ensrgy), a variety of
"eultural materialzs" flow through and accumulate within our cities, How-
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ever, with some exceptions, we have used this phrase 0 a largely
rretaphorical way, to suggest that, in this caze too, wa are dealing with
nathing but “stull” It is time now to attempt to excise this metaphor, to
explere cultural accumulations in detail and decide whether they, fog, are
merely sedimentations hardened by time and sculpted by history, inters
calabed heterogeneities connected by the local action of catalysts, repli-
cating structures Blindly exploring a space of possibilities, The follewing
chapter focuses on language, of all the different manifestations of hurnan
culture, not only because it is the one structure that makes us unigque
among living creatures, but also because linguistic structures have unders
gone a similar process of intense homegenization, involving a variety of
institutions, such as academies and schools, newspapers and news agen-
cies, Our exploration of the routinization and uniformation of linguistic
maberials will reveal that an even wider segment of the population of insti-
tutions was involved in creating the homagenized word we inhabit today.
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Linguistic History:
1000-1700 A.D.

Human languages are defined
by the sounds, words, and
grammatical constructions that
slowly accumulate in a given
community over centuries.
These cultural materials do
not accumulate randomly but
rather enter into systematic
relationships with one another,
as well as with the human be-
iIngs who serve as their organic
support. The “sonic matter” of
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a given language (the phonemes of French or
English, for instance) is not only structured
internally, forming a system of vowels and
consonants in which a change in one element
affects every other one, but also socioeco-
nomically: sounds accumulate in a society fol-
lowing class or caste divisions, and, together
with dress and diet, form an integral part
of the system of traits which differentiates
social strata. A similar point can be made
about lexical materials and grammatical pat-
terns. As the sociolinguist William Labov has
observed, a language communicates informa-
tion not only about the world but also about
the group-membership of its human users.'
This section outlines the broad history of
linguistic accumulations in Europe between
1000 and 1700 A.0. and the more or less sta-
ble entities they gave rise to, particularly
when linguistic materials accumulated within
the walls of a city or town. Thus, as the
sounds, words, and constructions constitut-
ing spoken Latin sedimented in the emerg-
ing urban centers of the southern regions
of Europe, they were slowly transformed into
a multiplicity of dialects, certain of which
eventually developed into modern French,
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Spanish, Portuguese, and ltalian. (And a simi-
lar process transformed the Germanic branch
of Indo-European dialects into various mod-
ern tongues, including English, German, and
Dutch.)

Here we will explore the idea that the dif-
ferent structure-generating processes that
result in meshworks and hierarchies may also
account for the systematicity that defines
and distinguishes every language. In particu-
lar, each vowel and consonant, each semantic
label and syntactic pattern, will be thought
of as a replicator, that is, as an entity that is
transmitted from parents to offspring (and to
new speakers) as a norm or social obligation.
A variety of social and group dynamics pro-
vides the selection pressures that sort out
these replicators into more or less homo-
geneous accumulations. Then, other social
processes provide the “cement” that hardens
these deposits of linguistic sediment into
more or less stable and structured entities.
This is not, of course, a new idea. Indeed, it
would seem to be the basic assumption
behind several schools of historical linguistics,
even if it is not articulated as such. This is
particularly clear in the role that isolation
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plays in these theories, Much as reproductive isolation consolidates loose
accumulations of genes into a new animal or plant species, commumcd-
tive isofation transforms accumulations of linguistic replicatars into sepa-
rate entities. In the words of the evolutionary linguist M. L, Samuels:

[t is. .. lhe mere fact of malalica or separation of groups that accounts far
all simplar kinds of [linguistic] diversity, Complete separation, whather
through migration or geographical or other barriers, may result in dialects
baing ndo longer rutually intelligible; and thus, if there is no standard lan-
guaga to serve 25 a link between them, new languages coma into baing,
Lesser degrees of Isclation result in what is known as a dialect continuum—
f series of systems in which those nearest and most in contact show anly
slight differences, whereas tha whole continuwem, when considered from
end to end, may shaow a large degree of total variation. Déelact cantinue ara
normally “horizontal™ in dimension, Le, they occupy & region in which fresh
differences. .. continually appear as one proceeds from one village o the
next; but in large towns they may alsa be “vertical,” e the diffarant
groups belong to different social strata in the social seale

Thus, the flow of norms through generations {and across communities)
may rasull in both meshworks and hierarchies. A continuum of diafects is
a rmeshworkiifke callection of heteregeneous elaments to the extent that
each dialect retains itz individuality and is articulated with the rest by
overlapping with its immediate neighbors. It s this area of overlap = the
GEMMHMOn Sound s, words, and constructions between nearby dialects —
that articulates the whole without homogenization: two dialects on the
outskirts of the continug may be guite different for even rmustually unintel-
ligikaled, and vet they are connected b each other through intermediate
dialects. For instance, the dialect of medieval Paris (now referrad o as
“Francien™) was connected to the dominant dialect of Haly (Tuscan by
many intermediate forms: a whole set of French, Franco-Provengal, and
Gallo-ltalian dialacts. {Rather sharp transitions, or isoglassas, do acour in
this continuum,.)?

Conversely, the dominant variants of the language of a given city, 2=
wall a5 dialects that have become “standard” {such as written Latin in the
biddle Ages), are relatively homogeneous entities, n which the norms
have been fixed aither through the deliberate
intervention of an institution {in the case of "standards™) or by the “pasr
prassure™ exercized by the members of a social stratum on each other,
These more or less uniform accumulations of norms are ranked accord-
Ing te their prestige, with the standard language and the elite’s dialect
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eecupying the top of the pyramid. Of course, here as elsewhere, only mix-
tures of meshwaorks and hierarchies are found in reality, and any given
dialect likely belongs simultanecusly to a vertical hierarchy and to & haori.
zontal continuum.

The acceleration of city building in the years 1000-1300 affected in
many ways the linguistic materials that had accumulated in Eurcpe In the
pravious millennium. In those three centuries the Romanee languages
ware crystallizing into the forms with which we are today familiar. These
slable entities emerged from the continuum of spoken-Latin dialects
which coexizted with the standard written formin all the areas that had
been subjected to the imperial rule of Rome. In terms of prectige, the
hromogenized standard was clearly at the top (and would continue to be
until the seventeenth century), but social supariority dig not transiate
inte linguistic productivity: the written form, precisely because of its
rnuch-admired “frozen™ body of norms, was largely sterile, incapable of
giving birth to new languages. The meshwark of “vulgar” Latin, on the
other hand, contained sounds, wards, and constructions that replicated
with variation and were therefore capable of fusling linguistic selection
processes and generating new structures. As the sociolinguist Alberto
Yarvaro pubs it, the divergenoe of the dialects that would become
Romance languages began centuries earlier and was kapt in check Ganily
by the power of the prestigious spoken norm of Rame:

In Imperial tirmes the linguistic world of Latin had several important prop-
erties: a minority endowed with enormous political, social, esonomic and
cultural prestige was absorbing a large majority who were less and less con-
vinzed of their ewn original and diverse identities. ... In fact, only Basques
and Bretons avoided Latinizetion; even the Germans, despite the fact that
they now hald power, gave way to this trend in all the areas where they were
notin & maperty, Yel, if we go back to the centuries of the Empire, the Latin
spoken by these recently Latinized masses undoubtedly tolerated infringe-
freent of the norm. . ... Like all nonstandard phenomena in all languages,
ome ware Widely tolerabed and sone less so, and some were repressed as
being oo popular (socially andjor geographically).?

This state of affairs, in which variation within the meshwork was kepl
from diverging ton much, changed radically with the collapse of the
Roman Empire and the concomitant weakening of the hierarchical norm.
This resulted, according fo Varvarg, in “the loss of the centripetal arienta-
tion of the variation.” In the canturies leading to the second millenniurm,
only among the feudal and ecclesiastical elitas in the different regions
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was there any sense of "universalism™ with respect to the Latin language.
The rural masses wers left free bo reinvent their languages and to forge
loeal identities, The guestion now is, At what point in time did the speak-
ers of these diverging dialects begin te “feel” they were using different
languages? Before the year 1000, with one exception, hardly any of these
lew-prestige dialects had a definite name or idendity. "These forms may
have been named by the name of a village or district, when need arose,
but more probably never received a name at all,”® Most likely, all These
peopte perceived themselves as speaking the same language, the spoken
version of standard written Latin. Linguistic seif-awareness (as well as the
names of the new entities) reguired cultural distance from the linguistic
mestawark in which these Latinized masses were immersed and viewing
the whala from a hierarchical point of view, Not until the year 813 was the
first mame for a2 vulgar variant introduced: "Rustica Romana,” which later
became vernacular d French.

This intreduction, and the awareness of linguistic divergence that it
implied, came in the context of the linguistic reforms that the court of
Charlemagne introduced in the ninth century, The specific aim of the Car-
glingian reforms was to reverse the “erosion™ of written Latln, as well as
to set standards of pronunciation for the reading of Latin aloud, particw-
larly when reading from the Bible, Unlike the spontaneous evolution of
dialects, this act of standardization involved a deliberate act of planming
as well a5 a significant investment of rescurces (educational, political) ta
give weight to the new standards:

The tradition of reading Latin aloud a5 an artificial language, a sound for
cach writien lefler. . hag the air of being obwigws, and as though it had
been forever present. But somasne, semewhers, had to establish that as a
standardized norm, for it could not arise naturally in a native Romance
cormmynily. There was & continuity through the years bebween Carclinglan
and Imperial Latin in the vosabulary and syntax of the educated, for these
could atways be resurrected from classical bocks by antiquarians, but what
we now think of as traditional Latin pronunciatien had no such direct eonti-
nivity with that of the Empire. ”

The Carolinglan reforms were insufficient in themselves to create sta-
bie entities with stable names out of the changing “soup” of the dialect
continuum, and several other plannad intarventions ware necessary (o
precipitate the evolution of Romance vernaculars. Inthe centuries after
the relorms, hierarchies of towns began 1o Torm with increasing inben-
sity from the elevanth cenfury on, and the lecal dialects of cach of these
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vrban settlements acquired a degres of prestige commeansurate bo its
rank, The mast prestigious dialects were those of regional capitals (Flo-
rance, Paris) and core gataways (Venicel Simultaneously, the intensitica-
tion of commersial and governmental activity within these and other
towns began to create {or reactivate) a multiplicity of new uses for writlen
language, Licenses, certificates, petitions, denunciations, wills, and post-
mmortemn inventeries began to be written with increasing freguency and
keaping records became part of the daily routing of every merchant or
hureaycrat_ g

&t the time of the Cardlingian reforms, all four domains of practical
literacy —business, government, church, and hame —were dominated by
standard Latin, But the rise in demand for writing skills forced urban
elites, particularly those whe spoke the most prestigious dialects, to devise
fixed crthographies for their spoken languages and o enforce them as
a standard, According to the linguistic historan Richard Wright, writing
systems (such as that of Old French) did not evalve spontaneously but
wiare the rasult of a planned responsa to specific probiems of comimunca-
tion,* The developrment of wrtten forms of the various vernaculars, in
turn, acted as a conservative pressure on urban dialects, reducing varia-
tion and hence slowing down their evolution. This deceleration may have
been perceived by contemporary speakers of a given dialect as the emar-
gance of a stable entity, an impression reinforced by the more or less
simultanecus appearance of a name for the written form, Butb it 15 not the
case that speakers of a dialect had become aware of its divergence from
spokan Lakin and this awareness provored them to devise a label for the
new language. The divergence did indeed exist as an ohyective phenome:
riory, bt it was tog siow and fuzzy (i.e., Latin divergad inte & continuum
of dialects) to be directly perceived withowt an instibutional intervention.

The process through which the ermerging Romance languages acoulred
names raises some interesting questions regarding the nature of “nam-
ing” in general, According to Gottlol Frege's still-influential thaory, the
connection between a given name and its referent in the real world is
eftected through a mental entity {or psychological state) that we call “the
meaning” of the name: (Frege called it the “sense” of a name, and Fer-
dinand de Saussure, his contemnporary, called it the “signified.") This
meaning, once grasped by & speaker, is supposed to give him ar her
“instructions” (necessary and sufficient conditions) to identify the object
or event that the name refers to. So, for example, the meaning of the
wards “tiger” or “zebra™ allows their users to grasp that which all tigers
or zebras have in common (e that which makes them members of
that category) and henoe endows speakers with the ability to use the
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marnes correckly (e, to apply them to the right category of entities). 12
The problem here is, of course, that tigers or 2ebras do nol have an
essence in common, They are historical constructicns, mere agglomara-
trans of adaptive traits that happan to have come togethar through eva-
lution and acquired stability {at least, encugh for us to name them)
through reproductive isolation, However genetically homogenized they
may be, the external appearance of these animalzs still reveals a wide
range of variation, and, hence, like diatects, they form a continuurm of
overlapping Tarms.

A rival theory of reference has been put forth by several philosophers,
including Saul Kripke and Hillary Putnam, who desmphasize the "inside
the head" aspects of reference and stress the historical and social
aspects of language. The basic idea is that all names work ke physical
labels: they do not refer to an object via a mental entity, but directiy,
the way the ward “this" does. (This is technically expressed by saving
that all names have an "indezical componant” and hence that they ara
all like proper names. ) Names manage to “stick” to their referents
because of the pressuras that speakers place on one ancther: there is a
causal chain leading from my use of & word, to the use by the person
who taught it to me, to the use by his or her teacher, and so on, all the
way to the original "haplismal ceremany™ that intreduced the label 2t
Henee, one's current usage of a term is “correct™ only o the extent that
it is connected to the whals history of vses of a name, According to this
theory, names do not give every speaker the means to spacify referents:
for many words, only certain experts can confirm the accuracy of the
usage. For example, if through genetic engineering we could build animals
that leoked like tigers or zebras but were a penetically distinct spacies,
the meaning of "liger” and "zebra” would be of little help to establish oor-
rect reference. We would have to rely, as Futnam savs, on a social divi-
sion of linguistic laber which gives groups of experts {geneticists, in this
cased the autbority bo confirm whether or not something is the actual ref-
grent of a word, as determined at its baptismal introduction,

Futmam does not deny that we carry certain information in cur heads
regarding & referent, such as a few identifying traits for tigers (being
guadrupadal and carnivarous, being vellow with black stripes, and 50 onl,
But these items are in many cases oversimplifications (he calls them
"sterectypes' ), and far from representing some essence that we grasp,
these sterectypes are merely information that we are under a social abiig-
abion ta lsarn whan we acquire the word, 2 Hence, sevaral social factors
come into play in explaining how labels "stick” to their referents: the his-
tory of the accumulated uses of a word, the role of experts in determin-
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ing its reference, and the obligataory acquisition of cartain informa'
which counts as part of our ability to use the word,

The causal theory of reference may be used to increase cur under-
standing of linguistic history i two different ways, Onthe ong hand, by
emphasizing the social practices involved in fixing the reference of a
term, nondiscursive practices that intervena in reality become aspacially
impartant. Thus, successful reference is not purely linguistic and entails
sxperfise in the manipulation and transformation of the abjects and
events which serve as the referents of worgds —regardless of whether
this expartize is concentrated in a small number of pecple due fo
division of labor. In the particular case of the nameas of the Bomanoe
Ianguages, this intervention in reality took the farm of expert grammari-
ans assessing degrees of divergence among dialects and devising
spelling standards. It alse involved institutional enforcement of these
standards, resulting in the artificial Isafation of seme dizlects and the
cansequent increase in their stability and durability, Gn the other hand,
by showing that the meaning of a word is not what aliows it wsers (o
ceterming its correct reference, implies that nothing in the meanings of
terms like "French dialect” or "French language"” {referring fo the
descendants of Occitan and Francien, respectively) can help us estab-
lish some essential difference between them, Our use of the term
"French language™ would be correct to the axtent that it conforms to the
history of its uses, a histery which began with an institutional baptism,
and does nob depend on our grasp of seme essential features of Fran-
cien. {Francien did possess certain distinguishing features, but these
features were shared by many nearby dialects and, hence, did not
define the essential identity of the dislect of Paris ) In this sense, we
may ragard the distinction between “dialect” and “language’ as com-
pletely artificial, drawn by social consensus, and whatever features users
associate with the tabel "French language” (an essential “clarity™ oF
"raticnality,” for examplg), as nothing mare than a sterectype transmit-
ted through social chligation. 3

The concept of social obligation is crucial to an understanding of nol
cnly naming but languags itself, 1§ sounds, waords, and censtructions
are indeed replicators, and if, unlike mames, they do nofk replicate
through mitation but theough enfarced repetition, then the ey gquestion
becemes, How exactly are linguistic norms enforced? In what sense are
they socially obligatory? The special case of standardized norms offers
no difficulty since the enforcement is performed by institutians, including
schools and courts and governmental offices, where the standard is used
to carry out everyday activities. But what about the population of norms
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that form the dialect continuum? Sociolinguists answer that, with respect
to dialects, it is informal social networks that operate as enforcemant
meachanisms,

To study the social network of a town where a particular dialect is spo-
kan, one would compile for every inhabitant the list of his or her friends,
as well as friends of friends. Certain properties of thasa two cirches would
then be analyzed: How well do the friends of an individual {and the
friends of his or her friends) know one another? Do they interact with
each other in multiple capacities (as nelghbors, co-workers, kiny or only in
speciglized circumsatances? How likely is it that they will remain within the
network after they move up or down the socioeconomic hierarchy? Those
petworks where thera is litHe sacial mobility 2nd where the membears
depend on each other socially or aconomically are called “high-density™
(or “closed™) networks, 15

Small medieval towns and villages would likely have been populatad
by ane or more high-density networks, and closed netwarks still exist in
working-class and ethnic communities in modern cities. On the other
hand, those towns in the Middle Ages where & middle class was forming
and social maobility increasing were charactarized by low-density {or
“open™) nebworks. (Needless to say, any given town may contain both
extremes and a variety of networks of intermediate density.) For our pur-
poses here, what matters is that high-density networks act as afficient
meachanisms for enfercing seaal obligations. Anindividual belonging to
such a communication net depends on cther members not only for
symbolic exchanges but also for the exchange of goods and services.
The only way to preserve one's position in a netwark, and hence b enjoy
these rights, is to honor one™s ciigations, and the fact that evaryone
knows each other means that any viclation of & group norm quickly
becomes common knoededge, In short, density itself allows & network
to impose normative consensus on its members.

High-density netwarks are especially important ta sociolinguistics
because they provide researchers with answers to the questicn af how
local dialects are able to survive despite the pressures of an instituticnal
standard, {How, for example, have so many dialects of French survived
ko this day when the mass media and the systerm of compulsory educa-
tion relantlessly promote standard French?) The answer iz that language
conveys not only referential information but infermation abeut group-
membership. The sounds, lexicon, and grammatical patterns characteris-
tic of a lacal diatect are part of the shared values that bind the members
of a danse network together and hence communicate information about
solidarity and loyalty. In technical terms, the replicaters that characterize

182

LINGUISTIC HIETORT: IROO=1700 &0,

the dialect of a dense nefwaork are said 1o be transmitted as a highly
focused set of norms, while the dialects of the upwardly mobile middle
classes flow as rmore diffuse sets of normis. Paradoaxically, the groups

In the very top sccial stratum (where, by definition, no upward mebility
is possible) form dense networks, too, and the norms of their dialects
are also highly focused, The difference is. of course, that the norms o
elite dialects are highly prestigious while thosa of local dialects are nof,
and rmay even be sodially stipmatized. ™ The other difference is that
elites, after making their dialects the standards, have access to the insti-
tutional means to impoese their norms on a much widear spaech omma-
nity, particularly on those with aspirations of upward mability whose
diffuse linguistic norms are prone to succumb to standardization.

The notion of an informal social network is also helpful in understand.
ing the role that individuals (and the stylistic variations o which these
individuals give rise) play in the evolution of language. As Labov notes,

a given individual variant does not enter this evelutionary process until

it has stabilized in a portion of 2 communication network —that is, until it
has become collective. |n other words, the source of linguistic change is
not the idiosyneratic habits of an individual (and certainly not what goes
on inside his or har head) but a variant pattern shared by a group and
used to communicate with other groups, ' From this point of view, speak-
ers are nol evaluated according to theirindividual psyehelogical proper-
ties but according to the properties of the linkages that bind them fa one
another.1? Given a network of a ¢ertain density, the higher the lecal pres-
tige of an individual, or the larger the number of his or her contacts, the
maora likely it is that a variant originatad by that individual will bacome
collective and evantually become part of the accurniulated hentage.

In summary, we may picture medieval Europe as a large population aof
raplicating linguistic norms undergoing a variety of transformations and
salaction pressures: becoming more focused in Some areas and more dif-
fuse in others, retaining a meshwark of connections in some parts while
elsewhere breaking down into higrarchies around prominent urban cen-
tars. Some of these accumulations became consolidated threugh isolation,
becoming more internally romogeneous, while others retained a higher
degres of heterageneity by coexisting with other dialects in different types
of contact situations. The study of contact belween languages is important
in historical linguistics because it brings to light the different forms of
horizontal flow between dialects, as opposad to the vertical fiow of norms
through gensrations. In addition ko the flow of Enguistic materials be-
tween neighboring dialects in a continuum, language may be affected by
flows of nonlinguistic materials, such as the migration of 2 populabion of
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speakers who are the organic substratum of a dialect. As we saw before,
current maps of the geographical distribution of languages coincide in
many parts with genetic maps —not because genes doterming languages,
but because both travel together during migrations, as well as during col-
cnization and comnguest,

The different contact situations created by migratory movements arg
exemplified by the birth of the English language in the centuries leading
to the second millannium. The basic linguistic materials out of which Eng-
lish evolved were first brought to Britain in the fifth century by Teutonic
imvaders (Jutes, Angles, Saxons) wha displaced its original inhabitants,
the Celis. Although the Cekts were not exterminated (only driven west-
ward) they were largely replaced in most areas of the izland without much
intermixture. In most cases, the direction of linguistic flow is from the
conquerar to the conquered's language; consequently the fow of Celtic
norms into the language of the invaders was minimal. |n the following six
centuries, on the other hand, the basic raw meterials provided by the
Anglo-Saxon dialects came inte conbact with several other [@nguages (Latin,
several Scandinavian dialects, Morman Fremch), which influenced their
evolution in a maoare dramatic way. Some Latin terms flowed into England
from continental Eurape as part of the military, sconomic, and social trat-
fie between Rormans and Teutons. But the real influence of Latin norms
en the “soup” of Germanic replicators came at the end of the sixth cen-
tury, when Pope Gregory the Great commissioned Saint Augustine "o
lead & missionary band of forty monks in a peaceful invasion of Eritain
far the purpose of tuening the warllke Teutons away from their pagan cus-
tormns, heathen beliefs, and vengelul practices.”? The Christanization of
Britain {or rather, a re-Christianization, since there ware alfeady native
Celtic Christlans) caused not only & large flow of Latin words to Old Eng-
lish, but also promoted the creation of schools and & system of writing.20
Conversion to Christianity was effected here, as on the Continent, not by
converting each individual inhabitant but by the more efficient procadura
of first bringing the ruling elites into the feld, Hence, the flow of words
from Latin penetrated the language from the top and flowed downward,
The next great influx of allen norms into the still mostly Germanic mesh-
wiark of dialects, toak the opposite route, penetrating (d English from
the bottem up. This was due to several waves of Scandinavian invasions
that took place from the eighth to the eleventh centuries. Although as
turbilent militanly as those staged earlier by Teutonic tribes, in tha end
these invasions resulted in cosxistence and intermarriage. In these cen-
turies, Scandinavian words such as “they,” "though,” and abouwt eight
hundred others were added to the mixture.2

154

LINGUISTIC HISTORY: 1000-1700 £.0,

By the turn of the millernium, $ld English had evelved through several
types of contact: one caused the replacement of Celtic norms, anather
fostered cosxiatenca between differeant Germanic norms, and, in between,
still another facilitated a cultural penetration by Latin norms, The frans-
formaticn of Qi English {(which is closer to German) inbe Early Middie
English {which is recognizable as "English") took place in yet another con-
tact situation: the wholesale replacement of the local elite by a fareign
one. In the eleventh century, as the differant dialects of French were
finalizing their differentiation from Latin, the French-speaking Mormans
staged a successiul invasion of England and ruled that country for nearly
a century {H0656-1154). The Old English-speaking nobility vwirtualiy ceased
e exist, and even the highest offices of the church fell into Morman
hands. French became the language of the elites for over two centuries,
while CGld English becams the low-prestige dialect of the peasant masses.
In this way, the Norman Conguest affected Old English much the way the
collapse of the Roman Empire affected Latin, a5 we observed earlier, As
one historian puts it:

The most important single influence of the Norman Conguest upoen English
was the removal of the consarvative pressures that tended o impede its
evalution, As the tangue of 8 subjugated country Cld English o3t prestige.
Wast Saxon was ng fonger the literary standard of the conguered Britons,
and the Angle-Sazon scribal tradition was supprassad. Meither church

mer state had much fime to give to the language of the English peasants,
and the secially and intelleciually elite could ot be bothared with il Under
such conditions of lalgsaz faire, the language benafited from a return to
oral primacy: celloguial use determined usage and varlant dialect forms
competed for acceptance. Unhindered by rufes of prescription and pro-
seription, the English peasants . . . remodaied the langusge with tongue and
palaba 22

Thus, thanks to the forceful removal of an emerging standard (West
Saacn), the flow of norms through several generations of English peas-
ants became more fluid, the amount of variation increased, and the
whale continuum of dialects evolved faster. By the time the English elites
rediscovered their native language in the thirteenth century, it had
afready changed in dramatic ways, In particular, it had besn transformed
fromea synfhetic language into a mostly analptic one, These terms refer 1o
afternative ways in which languages express certain gramrnatical func-
fions. A synthetic language expresses functions like the gender and num-
ber of nouns, or the tense of verbs, wia certain lingulstic parficles called
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inflactions. Modern English retains a few of these {the -5 for plural and
the -ed for past tensed, but most of the inflections from Old English have
been dropped. Inflectioned languages are free to position words in san-
tances in several alternative ways (since they carry grammatical markers
with them), while languages that have lost their inflections express gram-
matical tunctions throwgh a fixed word order (e.g., subject-verb-chject).
Given that word order captures very economically the logic behind a sen-
tence, these languages are called analytic,

Ethnocentric linguists'in the past (particularly those studying English
and French) didn't seein the transformation frem synthetic to analyvtic a
simple switch from one set of grammatical resources to another eguiva-
st one, but rather a move up the ladder of progress, as if an Internal
drive for greater clarity {rationality) were guiding the evalution of f2n-
guages. But simllar grammatical simplifications eccowr in languages that
chauvinistic speakers of English ar French would never consider (o be gn
the sama level as their mother tongue, These are the so-called trade jar-
gons, of pidging, bke the famous Sabir, or Mediterranean lingua franca, a
long-lived dialect widely usad in the Levant trade beginning In the Middle
fges. The study of pidgins s particularly relevant here not enly for the
light it throws on the distinction between analytic and synthatic, but alsa
because it illustrates vet another type of contact situation that affects lin-
guistic evolution: the transitory linguistic contact created by military or
trade encounters between alien cultures,

The ariging of 3abir are obscure. One theory postulates that I was
barre of the Crusades, beginning in the year 1095, If 50, the Jerusalem
battlefields would have been its place of birth, from wheance it spread fal-
lowing military &nd merchant movements.2? Critics of this theory point
Ut that as late as the thirteenth century many Levanl trade documents
werg written not in Sabir but in a changing bybrid of Italian, French, and
Latin. 3abir may have emerged shortly after, and then, thanks to its sim-
plicity, replaced these sardy hybrids. On the other hand, it My nevar
have existed as a single entity but as & series of pidgins, each drawing on
diffarent Romance languages for its lexical materials,® For examgle, in
the early Middle Ages the vocabulary of Sabir may have relied rmeastly on
barrpwings from the dislects of Genoa and Venice, since those cities domi-
inated trade with the Levant. When later on the Portuguese found alter-
nate routes 1o the luxury markets and began to break the monopely of
the Hakian cities, Sabir's vocabulary changed accordingly. At any event,
Sabir is rare amang pidgins because of its longevity (it died only in the
aarly twentieth century, as the Ottoman Empire collapsed). Most picgins
emerge and disappear as the short-lived contact situations that give rise
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ta them come to an and. But pidging endure whearevar contact betwesn
alien cultures has been institutionalized, as happened, for example, at
slave trading posts and on sugar plantations.

One distinctive feature of pidgins—what differendiates them from sim-
ple mixtures —is that they greatly simplify the set of norms from which
they were derived. Many redundant featuras of languages (such as
the verk “to be™) are eliminated, since thelr main function is to make
speach maore self-contained or redundant {i.e., less dependent on contex-
tual clues for correct interpretation). Without these resources, pidgins
bacome more dependent an context, so that, In & sense, behavioral
acts such as pointing to referents becomea part of the "grammar” of the
pidgin. Yet, far from being degenerate tongues that devolved from their
“master” languages, pldgins are creative adaptations of linguistic
regources.2® Slave pidging, lor example, were not a kind of “paby talk”
ergated by the master to communicate with his slaves, but a creative
adaptation by slaves from disparate linguistic backgrounds to communi-
cate with one anather.#?

Due ta their stigmatization as “inferor” languages, pidgins did not
became a sarous subject of study until relatively recently. Today, the
field is growing explosively a5 ethnocentric prejudice gives way 1o a more
objective appreach. Simultanzously, the emphasis has changed, and lin-
guists are less interested in pidgins as distinet entitles than in “pidginiza-
tion™ as a general process that may or may not create a stable entity.
Bafore this switch in approach, the creation of stable entities was seen
25 @ simple process consisting of two successive stages: first. a “farpet”
language (e.g.. the language of the slave master) was simplified and a
pidgin was created. Then, when the slaves were sat free, the first genera-
tion of children whao learned the pidgin as a mother tongue re-created
many of the redundant features that had been stripped away, and a new
antity ernerged: a creale. (Of course, not only children participate in this
recomplexification of the pidgin; adult speakers may also contribute by
borrowing ibems from other dialects.®? Although this process of crystal-
lization of new creole languages via enrichment of a pidgin is still of great
intersst to linguists (singe it represents an aceelerated version of linguis-
tie evalution, one that is compressed inte one or twe generations),
today's emphasls is more on the processes of pidginization and creoliza-
tion in general, whether they result in new stable entities or not:

& lingar model of bwo discrete steps, as implied by the standard conception

of pidgin and creole, may aversimplify the complexity of the historical cases
ko the paint of distertion, and in itsell contributa to the difficullty of inter-
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preting the evidance, Within a single reglon thers may coexist, contlguously,
rgre thar ane stage of devalopmant. And there may indeed be more than
bwo stagas —a pre-pidgin continuum, a crystalized pidgin, & pidgin undergo-
ing de-pédginization (reabserption by s dominant souree), & pidgin under-
gning crealization, @ creole, @ creole undergoing de-creolization 8

A number of linguists and philozophers of language have noted the simi-
larity between the contact situations giving rise to these processes and
those behind the emergence of the Romance languages and English. This
iz -not to say that the Romance languages or English showld be congid-
ered pidging or creoles, but they may alse have undergene simplifications
and recomplexificatiens. For instance, the loss of inflection and the fizing
of werd order which distinguish analvtic languages such as French and
Engiish can also be observed in the evolution of many pidgins. The removal
of a domimant norm (West Saxcn in the case of Odd English, Roman Latin
in the case of Old French), which increases variation and hence the speed
of divergent evalution, is also a constant factor in the development of
pidginized languages. On the cther hand, the expanding vocabulary and
rltiplying wses of language (in education, law, e, that characterize
crecles are also part of the birth process of dominant languages (as when
Parisian French replaced Latin or when London's English replaced Norman
French).®® Thus, the papulation of linguistic replicators that inhabited
Europe i the Middle Ages may be seen as having undergone processes
rot only of focusing and diffusion {n social networks) and hierarchization
(in urban centers) but also of pidginization and creclization.

Such is, in 5o many words, the linguistic viewpoint adopted by Gilles
Daleeze and Félix Guattari, who call those languages that have risen to
the top of a hierarchy “major” languages and these forming a meshwork
of dialects “minor” languages. Yet they do not use these terms to refer
primarily to stable antities (some more homeogeneows, some more hetero-
geneous) but rather to the processes (becoming major, becoming minaor)
that affect the population of norms as a whole:

Should we identity major and minor languages on the basis of regional situ-
alions of bifingualism or multilingualism including at least ane dominant
language and one dominated language. .. 7 At least two things prevent us
from adopting thds point of view, .., When [modern] Franch lost its world-
wide major function it lost nothing of its constancy and homogeneity. Con-
wversaly, Afrikaans attainad homoegeneity when it was a locally minor
language struggling against [madern] English.. .. It is difficult to see how
tha uphalders of @ minor language can operate if not by giving it 0f only by
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writing in it} @ constancy and homogeneity making &t a locally major lan-
guage capable of forcing official recognition. . .. But the oppesite argument
saams more compelling: the mare & language has or acquires the charac-
teristics of a major language, the mare it [s affacted by conlinuous varia-
tions that transpose it inte a “minor” language. . . . For if a language such as
British English or American English is major on a world scale, It is necessar:
iy worked upon by all the minorities of the warld, using very diverse proce-
dures of variation, Take the way Gaelic and Irigh English sat English in
variation, Or the way Black English and &ny numbaer of "ghetto languages™
sal American English in variation, to the point that New York is wirtually a
city without a lenguage.™

Ta reburn to the Middle Ages, the aceelerated urbanization that produced
ragional hierarchies of towns created saveral high-prestige vernaculars
for each porticn of the continuuen of Latinate dialects. Each regional capi-
tal witnessad the rise of Its own variant to the status of a locally “major”
language, which had its own wriling systam and apoumulated prestigs at
the expense of a number of "minar” variants spoken in low-rank small
towns and rural supply areas. Thus, the continuum of French dialects was
divided into two regions struggling for supremacy: & family of southern
dialects callad langue d'oc and another family spoken in the north and
center, known as langue d'ofl, which included the Parisian vernacLlar
(Francien) as well as the variant that the Mormans had imposad on Britaln,
Mathing intrinsically linguistic was to determine the cutcome of this
struggle betwean langue d'oc and langue d'ofl. Dn the contrary, the
ascendant prestige of langue d'oll was the result of a variety of ncnlinguis-
the events. The successful colonization of tha British sles by the Mormans
was one such event, as was the Albigensian Crusade, which benefited
Francien at the expense of Occltan, a2 member of the langue d'ec family.
A rather pracocious political centralization around Paris added to the
momentumn, as did extensions in the usage of vernacular, such as the
transiation of the Bible {into Francien) in the year 1250 by scholars at
the University of Parig, 3

Other emerging Romance languages fellowed similar lines. On the |ber-
ian Peninsula, several regional varlants devaloped, and Catalan began to
diverge from the rest (known collectively as the Hispano-Romance
dialectsy around the ninth century. The dialect that would eventually rise
to the top, Castilian, was at first a rather peripheral variant spoken in the
region that later (arcund 1035) became the Kingdom of Castile. Castilian's
patential rivals, Leonese and Aragonese, were at that ime more prasti-
gious and mare in keeping with the Romance languages spoken outside
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the peninsula. The rise of Castilian began with the war against 1slam,
which had colonized the southern regions of the peninsula for gight cen-
turies. The Kingdorm of Castile playved the most important role in the war
of reconquest, beginning with the capture of Toledo in 1085, Through the
prestge won during the war, as well as the migration of Castifians to set-
the the reconguered territeries, the cultural and territorial influgnce of
Castilian grew at the sxpense of other Hispano-Ramance dialects, most of
which, ferced to the defensive, eventually withered away. 32 After the
reconguest, Taledo®s naw Castilian-speaking elites, together with those
from Seville, furnished the materials from which the Spanish language
eventyally svalved,

Unlike France and Spain, where political centralization came relatively
earky, ltaly and Germany would remain fragmented for centuries bacause
of the gpposition o central rule by their independent city-states. This
fragmentation, or rather resistance to homogenization, acted as a linguis-
tic centripetal force. Certain urban vernaculars rose to prominence, but
their frivmph was less clear-cut and finguistic dominance often shifted
Between ragions. For instance, the dialect of the city of Libeck becarme
the standard of the powerful Hanseatlc League; but when the commercial
success of the league waned, other German variants became dominant, =
In [taly, the Tuscan dialect had enjoved a privileged status since the four-
teanth century; it had been adopted net enly by the papal court but by a
number of literary writers, which greatly increased its prestige. However,
each Ibalian city-state retained its own local variant for centuries (that is,
the variant used by its elites), and linguistic unification was not atbermpted
until the nineteenth century3s

Besides these local movements inwhich a few variants were “becom-
ing major” relative to the rest of the continuwem, thers was a global strug-
gle between the local major languages and the undisputed global major:
written Latin, This struggle, which took place between the thirteenth and
gighteenth centuries, is known as the “rse of the vernaculars.'” Latin,
which in the early years of the Roman Empire had bean a minor language
in comparison to Greek, began the new millennium greatly strengthened,
for several reasons. ks role as the officlal language of the church had
been codified in the vear 526 with the Benedictine Rule, which gave it a
central place in monastic literacy and manuscript production, a status
reipdorced by the Cardlingian reforms. The centralization of religious
power and consolidation of ecclesiastical hierarchies between the years
1049 and 1216 allowed the institutionalization of Latin as the abiigatory
medium for the conduct of mass, while the vernaculars were forbidden
fram playing this role.® Finally, the linguistic heterogeneity prevailing in
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Eurcpe created the need for a lingua franca for intérnational communica-
tion, and Latin easily eclipsed Sabir and the other low-status pidging
(such as Mozarabic) that may have performed this role.

But the agricultural and commercial intensifications that began com-
plexifying urban life from the eleventh century on soon altered Latin's
status, The uses for writing greatly diversified, and the demand for liter-
ate individuals greatly increased in administration, 3w, and commerce.
The establishment of cathedral schools and urban universities shifted
the senter of edusation toward the new towns and away from rural
monasteries. {In taly there were even some fay schools where the
instriection was canducted in the vernacular) Lay officials gained incroas-
ing importance at the expense of the clergy, at least within the world of
sacular administration. Finally, there were processes affecting not the
institutional but the crganic substratum of Latin, such as the Black
Plague of the fourteenth century. As William MeNeill suggests, "The rise
of vernacular tongues as a medium for serious writing and the decay of
Latin as a ingus france among the educated men of Wastern Europe was
hastened by the die-off of clerics and teachers whe Knew encugh Latin
to keep that ancient tongue alive,"8

The battle between the deminant urban vernaculars and Latin was not
a struggle to dominate the tongues of the masses, but rather a struggle
to dominate the language of public institutions. The dialects of the lower
skrata of medieval society were tightly bound up with their speakers and
migrated with them and their genas. A dialect's highly focused set of
neEms is more easily killed (by replacing one population of speakers with
anoather) than absorbed by alien languages. For this reason, whilg pres.
tige determines the relative position of & dialect in a hierarchy, and heance
its short-term destiny, the sheer weight of numbers decides its ultimate
fate, Norman French, for example, however prestigious it may bave been
as the official language of the English aristocracy, never had a chance to
take over as the languzge of the English masses. ¥

Similarly, written Latin was in nd positien to compebe with the vernacu-
lars. During the perod of rapid urbanization that began in the elevanth
century, the population of Europe doubied, and with it the number of ver-
nacular speakers, But tha French of the Parisian slites, for example, was
never in competition with Latin as a popular language for France but as
the official language in French courts, government offices, and places of
higher learning. Francien, too, began competing with Latin 23 the lan
guage of international diplomacy. In this case, raw numbers counted less
than accumulated prestige: “French’s long period of predominance as
the majer international language of culture and diplomacy long antedatas
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its gerneral use as spoken language in France: by the end of the sevan-
teanth century, French had in effect replaced Latin in the former rote, .,
at a time when Francien was the native tongue of perhaps a quarter of
the population of France,"¥

Francien had achieved the status of a “norm to aim for® by the thir
teenth century, in terms of unafficial writing and cultivated speach, but it
did not ovartake Latin until a series of fifteenth- and siktesnth-century
edicts, such as the Edict of Villers-Cotterats of 1539, made its use obliga-
bory in official writing,® In England, tog, we find that certain institutional
interventions changed the status of the English language through a serles
of official acts, such as the 3atute of Fleading enacted by Parliament in
1262, which made English the official language of the British courts.
Court records, however, ware still kept in Latin, and the statute {tgelf was
written in French, Yet, by 1489, “Henry VIl put an absolute end to the
use of French in the statutes of England. With that act the language that
had gone underground in I0E6 emerged complately triumphant over for-
eign domination," These officlal acts, which transformed the status of
English, French, and Latin more or less "instantansously,” are special
cases of what the "ordinary language” philosopher 1. L, Austin called
“speech acts": soclkal actions performed by the very ulterance of a string
of words, Cornmands, such as the order to use Englizsh or French in cee-
tain official contexts, are one type of speech act, The making of promises
or bets, the Issuance of warnings, verdicts, or judicial sentences, the
baptizing of an object or a persen, and many other verbal actions that
carry with them social cbdigations and conseguences are also examples
of speech acts.

Actording to Austing speech acts involve a conventional procedurs that
has a certain conventional effect, and the procedure itself miust be exe-
cuted correctly, completely, and by the correct persens under the right
circumstances,® The declaration of English as the official language of
government, for instance, had to be made by a person with the authority
to issue such declarations and in the right institutional setting. Mot just
any utterance of the words | declare you the official language™ carries
the illocutionary force of a command. This simply emphasizes the fact
that we are not dealing here with a purely linguistic process but with
a complex situation involving higrarchies, chains of command, and the
reans to enforce cbedience. dustin distinguishes those speech acts
performed in judicial courts {and cther institutional seltings), where the
procedure s 5o routinized that what counts as "correct” is clear to every-
ane, fram those spaech acts used in everyday life, where the procedures
are not rigid or formal and where, therafore, thers is more room for am-
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higuity. Mevertheless, as we saw above, communication networks may act
as enforcement mechanisms for promises or orders even in the absence
of axplicit criteria for the correct performance of a speech act,

We may compare the instantaneous transtormations in status which a
command, guilty verdict, or death sentence effect with the phase transi-
tions that matertals undergo at certain critical points, Much as liquid
water suddenly switches from one stable state to another and begins to
beceme solld ice when the temperature or pressure reaches a particular
threshold, 5o o guilty verdict may abruptly change the social status of a8
person, who will be switched from a state of free motion to one of con-
finement, However fruitful this comparisan may b, at the very least it
calls attention to the fact that much as genetic replicators impinge on the
world as catalysts for chemical phase transitions, so linguistic replicators
affact reality by catalyzing certain “sccial phase transitiens,™s

In addition to the official speech acts that abruptly changed thelr
status, the dominant vernaculars of each region needed to enrich their
rasarvoirs of expressive resources in order to effectively challenge the
international standard, Mo official declaration could have made French
or English the official medium In which to conduct government business
if their vocabularies had not contained all the technical words required
in judicial, legislative, diplomatic, military, and administrative GOrmmnicE-
tions. One means of increasing vocabulary was to use thesa languages’
ward-forming rescurces to generate the needed lexical items. Literature
played a key role in this respect, enriching the expressive resources of
the ascendant dialects while Iincreasing their cultural prestige.

The ascendant dialects alse expanded their laxicons by borrowing
words from other languages and then adapting the borrowings to tocal
usage, These linguistic flows from one population of norms to another
display some Interesting patterns that illuminate a number of the internal
features of language. For instance, although the individual words aof a lan-
guzge are free to replicate from one culture te another as memes (that
is, by imitation or borrowing), a language's socunds and grammatical pat-
terns, particularly those that are central to a language's {historical) icen-
tity, tend to move together with its speakers, Furthermore, words related
ta quastions of everyday survival, unlike technical or literary words, do
not diffuse well amaong differant languages.

Modern English, for instance, still contains an archaic residue of Old
English words, surrounded by the vast cosmopolitan vecabulary that it
accumulated slowly, via diffusion (L., via various flows of memes). The
words “father,” “mothen” “child,” "brother,” “meat,” and "drink,” a3 well
as those that express basic activities such as "to eat," “to sleep,” "to
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lonve,"” and "to fight,” derive directly from the Germanic vocabulary of Okd
English. On the other hand, most of the technical vocabulary for ecclesi-
astical matters flowed into English from Latin during the period of Chris-
Liarzation. (About 450 Latin words were introduced ints English during
this pericd.) Military, legal, governmental, and medical terms {as well as
same culinary and fashion vacabulary)y entered the English reservoir in
large numbers (about ten thousand French words) during the Norman
occupation. Soon after the cocupation ended and English military victo-
ries made the French seem less of a threat, large quantities of Parigian
French words began to flow into Britain, peaking in intensity between the
years 1350 and 1400.%2 The direction of this flow of memes ran from the
language that had accumuiated more prestige and lexical camplexify 1o
the less prestigious and complex ane. This 5, of course, a relative distine-
bion: whife French was for a long bime more culturally prestigious than
English, during the fifteenth and sixteenth centuries it was “inferior” to
spanish and Halian and many Spanish and Halian words flowad into
France from those two countries, s

The many hundreds of French words that flowed Into Middie English
suffered different fates. Some of them were simply taken as they were,
but many were assimilated into local dialects. Borrowed French and Latin
words often cosxisted with their English synonyms, Instead of displacing
one another or hybridizing, In the fifteenth century English developed a
trilevel system of synonyms with different levels of prestige: common-
place English (“rise, “ask™, literary French (“mount,” “question”), and
learned Latin ("ascend,” “interrogate’™), As one historian puts it, this
accurnulation of synonyms allowed “for a greater differentiation of stvles
—im both formal and infarmal usage. . .. Thus the native English vocab-
lary is more emctional and informeal, whereas the imported French syn-
onyms are more intellectual and formal. The warmth and force of the
former contrasts with the coolness and darity of the latter. If a speaker
can be intimate, blunt, and direct in basic English, he can alse be dis-
creet, polite, and courtecusly elegant in the diction of barrowed French, "4

This herarchy of synonyms is a special case of what sociolinguists
all “stylistic stratification,” that is, the ranking of a language’s different
registevs, which are reserved for use in particular situations: a casual reg-
istar, to be used with friends and family; a formal register, which is used,
tor example, in institutional situations or simply when talking to strangars
er superiors; and a technical register, used at work or when communi-
cating with other professionals. OF course, the vocabularies of these regis-
ters need nol come from different languages. The distinction is drawn
more in berms of the amount of care that one puts into the creation of
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sentences during a linguistic exchange (or, In the case of techn
ters, by the use of special vocabularias or technical Jargon}. s

English speakers in the Middle Ages and Renaissance presumably en-
gaged in reglater switching according to the degree of formality of a sitlsa-
tion. Cutside of Longon, they likely also engagedin a related process
called code switching, Due to geographic isolation, the flow of linguistic
replicators that mads up O0fd English had generated five different “species
of Middle English {Southern, Kentish, East Midland, West Midiand, and
Morthumbrian). Whila the dialect of Londen had by the fifteenth century
bacome the most prestigious form of English, it did not replace the other
dialects but, rather, was added to the population 25 a supermposed norm.
This meant, for instance, that a speaker of Kentish who also knew the
London dialest would Indeed switch codes when talking to different peo-
ple, using & local code in talking to & neighbor and an interregional coda
in addressing someone from the capital. Other countries, such as (taly
and Germany, where political unification came fate, remained much more
linguistically fragmented; consequently, their inhabitants practiced code
switching on an even more extensive basis*’

Code and register switching are further examples of contact between
different dialects, a kind of “internal contact” that tends to make them
less internally homogeneous. Indeed, when one compares any actual lan-
guage’s internal variety —keeping an eye on its coexisting registers and
eoces —with “language” as imagined by structural linguists and semioti-
cians, the most striking difference is the high degree of hormogeneity
that linguistic theorista take for granted. The semiotician seems to always
have In mind a simple cemmunication betwean a speaker and a listenar,
wherein hoth speak precisely the same language with identical skiil.

Thizs aversimplification becames all the more obvious when one studies
cauntries whera stable bitingualism is the norm; Such as Belgium or
Canada, not to mention India, which today recognizes fourteen official
languages. In the Middie Ages and the Renalssance it was nat uncom-
mon for people to be multilingual: Christopher Columbus, for example,
spoke Genoese as his mother tongue, wrote some Latin, and later
learned Portuguese and Spanish.®® Az Labov stresses, command of & real
language, unlike the simplistic charactarization of linguistic competance
made by the structuralist school, invelves the ability to deal with great
amounts of hetercgenegity.

Hence, behind any uniform set of linguistic norms there must be a
definite historical process that created that uniformity. The processes of
homogenization that were at work on the Indo-European dialects that
became the Romance and English languages may be said to have come
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irn bwo gregt waves. The first wave tock place as part of the general pro-
cess of urbanization: the ascendancy of the Langdan and Paris (and
other) dialects to the top of the linguistic hierarchy, leading to their adop-
tlon as official languages of government communication and lower edu-
cation. This first wave involved both unplanned processes (including
positive feedback; for instance, the more literature appearad in a gliven
dialect, the more viable & literary medium that dialect sesmed to other
writers) and institutional speech acts that triggered sharp transitions in
the status of certain vernaculars, Other than the effort to create writing
systems for the elite dialects, the first wave did not involve great
amounts of linguistic "self-awareness.” that is, conscious analysis of
the internal resources of a language and deliberate policies to extend or
fix those resources, The sixtesnth and seventeenth centuries, however,
witnessed the emergence of the first elforts at what we would today call
“linguistic engineering.” The second wave of homagenization involhsed
institutional policies aimed at the deliberate “slowing down or complete
stoppage of linguistic change,” or, in other words, “the fixation forever
of a uniform norm.'™ That this geal bhas turned out o Be unattainalble
in practice (to this day minority languages thrive alengside the stan-
dards) does not mean that the institutional enterprizes that Spain, aly,
and France embarked upon during this pariod did not have great histor-
cal conseguences,

The second wave may be said 1o have begun in Spain, when for the
first time the grammar of a Bomance dialect (Castilian) was syslemats-
cally set forth. Unlike written Latin, which as a "dead” language had to
be transmitted in schools by means of explicht rules, the various regional
dialects of Spain were learned at home as one's mather tongue. The
grammarians of the Renaissance did not discover the “real” rules of lan-
guage (not even Chomskyans foday have achieved thig), and they did not
clairm to have done so. Elic Antonio de Mabrija, who published the first
grammar of Castilian fifteen days after Columbus had sailed to "discover'”
America, was quite conscious that his invention was an artifact (“artificial
Castilian™ he called it™), but one that had great potential as an instru-
ment of homegenization, As the socielinguist Elmar Haugen writes, “Tha
close connection of grammimar and poditics is shown in the fact that the
first Spanish grammar appeared in 1432 and was dedicated to Queen
Izabeila; it was intended to be a companion of the Empire, the author wrote,
&nd should spread Spanish [i.e., the Castilkan dialect] along with the rule
of the Spaniards, ™=

According to Ivan lllich, both Columbus and Mebrija came to the queen
to propose complesnentary projects: one to extend royal power into new
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lands, the athar to increase the inner cohesiveness of the sovereign
body via @ homogeneous language. Unlike ¢lassical Latin, which had
been "enginesred” o that the speech patterns of Roman senators and
soribes could be regulated, the target of Mebrije’s proposed reforms
was not the language of the Spanizh elites but the unbound and un-
governad language of the masses. Moreover, to the extent that the mult-
plicity of dialects learned informally at home were supersaded By an
artificial {~Castilan™) language taught formally, like Latin, as a sat of
rules, Nebrija's grammar was the first step toward what centuries later
would become a compulsory education system based on a standardized
language. In a way, s [lich remarks, this meant replacing the autono-
maus linguistic resources of dialect speakers with a reservoir controlled
by institutions and given to the masses as a gift from above.® In the
end. Mebrija’s project failed to gain institutional support from the royal
eourt, but the same concern with ¢reating artificial languages that would
ba "pure” and “long lasting” would reappear elsewhera in different
forrns.

Iry Italy, for example, the Tuscan (.e,, Florentine) dialect had come 1o
play the same dominant role as the Castilian, Parisian, and Londen dia-
lects. Tuscan had been “creclized” {enriched) by several writers (Dante,
Baceacels, Petrarch) who not only entarged its raservoir of expressive
rescurces but also increased its prestige relative to the dialects of other
important cities (Venice, Genga, Milan). In 1582, the first Institution
specifically designed to act as a brake on linguistic change was born in
Florence: the Academy of Language, an organization dedicated to the
creation and dissemination of artificial Tuscan through the publicaticn
of grammars, dictionaries, arthographies, and other farmal codifications
of language.5? This project, like Nebrija's, proved hard to achieve in
practice, particularly because the political strength of the city-states
retarded naticnal unification wuntil the nineteenth century.

Still, the Flerenting Acadeny of Language had a more concreta influ-
ence, inspiring the creation of similar institutions in nascent nation-
states such as France, where an organization modeled on the Halian par-
adigm was born in 1637 as part of Richeliew's plan to unify the country,
The French Academy had as its explicit mandate the purification and
perpetuation of the French language, or 8 one of its mernbers put it, 1o
“fix language somehow and render it durable,"* By 1705 the acadermy
eould boast that if only the words included in its official dictionary were
used, French wauld remain fixed for all thne.

This second wave of hamogenization, like the first one, did not produce
master languages that completely replaced the dialect continua of their
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respective countries, The academies simply added ong more set of norms
to the existing population, a new set with a hierarchical structure super-
impased on the meshwork of dialects. As the French linguist Antaine
beillet said, standard French "has never been the language of any but 2
few peopie and is today not the spoken language of anyone.”™ The mew
artificial ruies of grammar and spelling, the pyramidal vocabularies cone
tained in dictionaries, and the other devices of "linguistic enginesring”
(such &s books on rhetoric and poetics) affected most of all the formal
register of the languages inquestion, leaving the casual register mastly
untouched. (The technical register of French would not be affectad until
the sighteenth century, when Lavalsier and others helped fix the way in
which suffixes and prefives should be wsed to coin new scientific berms.)
Howewer, it was precizely the formal registar that needed to be standard-
ized If the vernaculars were to trivmph over Latin, Hence, in the general
process af the rise of the vernaculars, standardization did have a lasting
impact. The other decisive elament in this linguistic war was provided

by technology: the printing press,

Although the soncept of movable type may not have originated with
Johannes Gutenberg (there are Chiness, Korean, and even Dutch ante-
cedents), he was cerfainly the first b implement 3 practical way of
autormating writing. Several technical problems were solved during the
1440= {adjustable molds for casting durable type and a special ink suit-
able for metal type were developed), which enabled Gutenberg to create
a-machine that, when meshed with the burgeoning paper industry,
brought down the cost of reproducing texts considerably and allowead the
true mass dissemination of the written word, Gf the twenby-four thousand
non-Greek warks printed in Europe bofore 1500, about 77 percent were
in Latin, the rast in vernacular. But the number of warks printed In the
vernaculars increased over the years and the vernaculars predominated
by the end of the seventeenth century.®® The Protastant Reformation, by
champigning the translation of the Bible into vernaculars, dealt a power-
ful biow to Latin's domination of ecclesiastical rituals and, morg impor-
tantly, education, Thus, in ong sense, the printing press aided some minor
lxnguages in their struggle against a2 major language. &nd yet, given that
the major-minor distinction is entirely relative, the grinting press simuita-
neously alded locally major languages (the rising standards) in their
struggles against potential local rivals.

Moreover, since the very existence of a writing system exerts a homog-
enizing influence on a language and acls as a brake on linguistic change,
the maechanical reproduction of taxts amplified in several ways this con-
servative trend. In England, where Willlam Cadon introduced the printing
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press in 1476, the printed word promated the writben standard of the
alite London dialect a5 a brake on linguistic variation. &s the historian
John Mist has written, "Along with extending literacy and expanding pop-
ular education, the printing press became a powerful cultural force that
put back into the language what had been lost with the Nerman Conguest
—the conservative pressures of sel-awareness and social snobbery.™5
English printers, on the other hand, locked into type certain speliing rules
that did not entirely correspond to the phonemes of English, sounds that
were, at any rate, changing as these norms were belng frozen. And yet,
i Mist puls it

Meare impartant tham either the orthographic conservatism or the phano-
Iogizal inconsistency wrought by the printing press was the mistaken
notion that English is primarily the written word, The grapheme and the
visual morpheme began o deminate the literary imagination, #nd the
raw power of the oral tradilion gradually gave way 1o the elegant refine-
ment of the silant literary. In time, the diverce betwean the spoxen and
e written was legalized by the authoritaran grammsians of the eigh-
teanth century and their heirs,®

| wicaidled like to conclude this section with a brief desceiption of thoge
processes affecting linguistic evelution which are internal Lo language.
Far example, at the very sarme time that printers and grammarians were
attempting to freeze set correspondences between Sounds and written
signs into a spelling standard, the English language was undergoing a
dramatic change in its sound system, This transition, which involved sev-
eral generations of speakers, goas by the name of the Great Vowe! Shift:

When Chaucer died in 1400, peophke still pronounced the £ onthe and
of words, One hundred years later not only had it becorne sitent, but
scholars ware evidently unaware that it ever had bean pronounced, ...
[Thus] in a relativaly short period the long wowel sounds of English. ..
change:d their values in 8 fundamental and seemingly systemalic way,
gach of them moving forward and upward in the mouvth, There was ey
dently a chaln resction in which each shiffing wowel pushed the next
o forward: The Yo sound of spot Bacame the "a" sound of sgat, while
spat bacame speat, speet hecarme spate, and 5o on, The "aw” sound of
faw became the “ob™ sound of clase, which in tusn became the “oo" sound
of fapd, Chauesr's Ivf, proncunced “leef,” bacame Shakespears’s (e,
prenounced “lafe,” becarme our “Hfe." Mot all vowaels were affeched, The
short a of bed and the short § of 5it, for instance, were unmovad, so that
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wa pronounce those words today just as the Venerable Bede said them
twelve hundred vears ago,?9

Mo one is exactly sure what starfed this “chain reaction™ of shifting
vowels, It could have been an articulatory shortout, in which the “least
eftort” pringiple favored the stabilization of a new sound in a given speech
communmnity; it could have alss been a mere mistake in pronunciation
which spread by imitation; er, finaily, it could have been a new variant
sound introduced into a community through ane of the many different
kinds of contact situation. In a way, the trigger for the Great Vowel Shift
s its least important aspect compared with the dynamical changes
unteashed by the catalyst. Given that there is a0 intrinsic connection
between the sounds that make up a word and the meaning {or obligatory
semantic information) carried by the ward, the usefulness of a given set
of sgunds is guaranteed by the more or less systermatic contrasts that
they have with ong ancther, |1 one of the sounds moves toward anather,
tharehy reducing the contrastive power of bath, the second sound must
frgve as well. This "push-chain™ dynamic then continues until a whole
saries of sounds has acguired a new position that preserves the ariginal
cantrasts, Simultanecusky, the “empty space” left behind by the very first
rrovernent may now trigger another series of motions by an unrelated
series of sounds to “fll" that empty slot. Linguists call this secondary
reacticn “drag chain™ dynamics. &

The fact that these internal rearrangements ocourred largely uncon-
sciously over several generations could mislead us into thinking that they
were the product of an intarnal drive in language. Although completely
circular shifts like this one may be considered "homeostatic mecha-
nisms"™ (and may be said to endow the system of sounds with a certaln
degres of autenomy from grammar, vocabulary, and social pressures),
they can be explained using the same mechanism that explains other
(less autonomous) changes in language: an interplay of variable linguistic
replicators and the serting device constituted by selection pressuraes (in
this case, the need to preserve the functionality of language in everyday
communication tasks)® Mareover, push- and drag-chain dynamics and,
more genarally, slow switches from one stable state fo another Ty Goour
nat only in the senic substance of the spoken chain, but also in the realms
af vocabulary and syntax,

For example, certain words (such as the verbs “to get™ or “to do™) may
became slowly emptied of their lexical meaning and bacome "grammati-
calized,” that is, selacted to become relatively "meaningless"” particles
usad to express grammatical functions. The desemantization of words as
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a means of recruiting new grammatical devices 5 a slow and unconscicus
process and provides us with yet one more scurce of heterogenegily,
This is, in fact, the type of heterogeneity that Labov stresses the most)
the existence in & language of varizble rufes,* A good example is provided
ky the grammaticalization of the verb "to do," which was recruited as a
device to express negative and interrogative clauses. Its desermantization
pocurrad slowly, beginning in the thirteenth century, but it remained
only & peripheral grammatical deviee until the end of the fifteenth, Then,
during the years 1535-1625 it was pressed into service to perform an
increasing number of syntactical functions, later on decreasing in range
urtil settling into the role it piays today. The important point here is that,
despite its growing range of functions, “it was by no meaans obligatory in
them at the end of the sixteenth century (e.g. goest thow, e poath not
were still cornmaon), while in affirmative clauses it was. .. in free variation
with the simple verb forms for the expression of (2nse."s

Today, of course, the use of “to do” is cbligatory to express some gram-
matical functions in English, which means that over a pariod of several
centuries the grammatical rules for the use of this desemantized particle
transmuted from optional angd variable to categorical, According to Labow,
linguistic competence should be defined in such a way as to include the
ahility to handle these variable rules, at different states of their avolution.
Moreover, he attacks the tradition (among Saussureans and Chomsky-
ans) of concentrating on a study of standard languages precisely Decause
their artificial homogeneity obscuras the existence of nonuniform, chang-
ing grammatical devices, (Labov, for instance, finds a variety of variable
rules in his study of Black English—rules that do not exist at 2l in stan-
dard American English.®) When wa add this internal, systematic source
of variation to all the other sources that we have examined so far, the
picture of lenguage that emerges is one of a hetarcganeous miture of
norms in constant change, very different from the traditional view of a
timaless, universal structure isolated inits "synchronic” heaven from all
the turmaoll around it As Deleuze and Guattari put it: “You will never find
8 homogenous system that is not already affected by a regulated, con-
tinuous, immanent process of variation fwhy does Chomsky pretend not
ko understend this?)."e

Furthermore, this variable soup of linguistic {replicating and catalyzing)
rnaterials was constantly intermingling with all the other material and
energetic flows that we have examined in this book. Citios, particularly
farge cities, were the places where the strangest midures of food and
genas, money and words, were concoctad. The intensity of trade, which
contributed to social mobility (and the creation of a middie class), de-
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tachod some peeple from their original communication nelworks (and
fromn dependence on relatives and neighbors for their livelihood), decreas-
ing the conservative pressures that group loyalty put on linguistic change,
and alfowing the downward penetration of the standard. Also, middle-
clazs speakers, in their anxiows usage of the high-prestige variant in thetr
now more impersonal and fragmanted social networks, tended to “hyper-
correct” their dialectal speech, sdding an additicnal source of variation
and heterogeneity.®s On the cther hand, the constant flow of rural immi-
grants which kept cities alive and growing also brought in linguistic mate-
rials that contributed much to the formation of ghetto dialects = Largs
cities, therefore, contributed not only fo a defocusing of the narms {by
prying open social nebworks via upward mobility) but also to the croation
of new closed networks and, hence, new focused ethnic variants:

Large cities bring together the crtical mass of similar people neaded to
feund communities. While the frish in small Leicestershire villages were
ferced to Dlend in with the native English, those in Glasgow began Cathalic
churches and clubs, building communities around their ethnic lovaities. ...
Large cities ... produce strongly articulated value systams rather than izo-
lated individuals. They are not melting pots, but mosaics of disparate
groups, each of which fights fo maintain its own identity, At first glance,
this wiew of cities Is puzzling, for how can a place be both impersonal and
culterally intense? How can an individual be both anomyimous and closely
invalved in a specific subculture? The answer is thatl cities contain both
large-scale and small-scate environments, Although in public placas —the
stores, offices, streets, and large institutions —contacts are relatively brief
and anonymows, there iz a separate, private sacial file fo be found on tha
level of family, neighborkood, club, and sthnic group that operates with
differant rules 52

Urban centers, by housing dynamical mixtures of energy, matter, and
catalytic replicators of different kinds (genes, memes, norms, routines),
greatly influenced linguistic avolution bafare the seventeenth century.
After that they would continue to play Important roles, but now as part
of larger sociopolitical entittes: as the capitals of the emerging nation-
states. While before the French Revolution arguments in fawor of deveiop-
ing and extending the power of standard French were made in the name
of “rationality,” during and after that great turning point the standard
began to be defended In terms of “nationalismn™ one national language,
one homagensous identity for all citizens, one set of linguistic resources
0 atlow Sentrat governments to tap into the reservoirs constituted by
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thair growing populations. | will return to these “ratianalist” waves of
homogenization which, in the latter part of the millennium, began to
alfect the linguistic “stulf™ that had accumulated not anly in Europe, but

in many places outside of /.
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| have argued that structures
as different as sedimentary
rock, animal species, and
social classes may be viewed
as historical products of the
same structure-generating
processes. (Or more accu-
rately, of different concrete pro-
cesses embodying the same
abstract machine or engineer-
ing diagram.) Does language
embody an abstract machine
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wo? The accumulations of linguistic materials
that are sorted into homogeneous sets and
cemented together through isolation are
examples of stratified systems, and, hence,
language can be said to embody this (double-
articulation) abstract machine. Similarly, inso-
far as the sounds, words, and constructions
of a language are viewed as replicators, lan-
guages also embody an abstract probe head,
or searching device. But the question we
must address now is this: |s there an abstract
machine that is specific to language? In other
words, do the processes responsible for the
generation of phrases and sentences embody
an engineering diagram that distinguishes the
structure of language from the structure of
rocks, plants, and animals?

Chomsky believes that this diagram
defines an abstract robot embodied in our
brains, an automaton capable of producing
every valid sentence in a given language. In
1959, Chomsky postulated the existence of
four different types of ahstract automata
which differ in their degree of complexity:
finite-state automata are the simplest type,
followed by context- sensitive robots, context-
free robots, and finally Turing machines.®
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Chomsky argued that a language could be
seen as made up of two components, a dic-
tionary (or reservoir of words) and a set of
rules determining how those words may be
combined to make legal sequences (well-
formed sentences). Thus, given a set of sen-
tences, the robot (a context-free automaton)
could tell whether they belonged to a given
language simply by applying the rules. To the
robot, a sentence was no more than a string
of inscriptions (whether the inscriptions were
on clay, paper, or air was immaterial to it),
and the rules were recipes to test these
strings for membership in the set of valid
strings. This model was supposed to capture
the grammatical intuition that allows speak-
ers of English to tell the difference between
“Colorless green ideas sleep furiously” and
“Sleep green colorless furiously ideas” (one a
grammatically valid string, the other invalid),
even though both strings are semantically
meaningless.

When it came time to produce new strings
(as opposed to checking them for validity),
the rules were divided into two types: one set
generated the basic logical skeleton of a sen-
tence (its deep structure), while several other
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sets transformed this naked sentence, fleshing it out with the materials
of & real language. {These two components of a grammear are called
“generative” and “transformational,” respectively.) The generative com-
ponent of the automaton was assumed to be inborn and to capture afl
that Is universal about language {that is, all that remains constant across
different languages and is unalfected by their particular histories), Could
we consider this robot the abstract machine of language? Delauze and
Guattari, amoeng others, answer this question negatively:

Qe eriticise of these linguistic models is not that they are too abstract
but, on the contrary, that thay are nol abstract encugh, that they do not
reach the atstract machine that connects language to the semantic and
pragmatic contents of staternants, to coflective assemblages of enuncia-
tion, to a whole micropolitics of the secial fiekd. ., . [Tlhere s no language
in itself, nor ara there any linguistic universals, only a throng of dialects,
patois, slangs, and speciatized languages, Thera 5 no ideal speakear-listener,
any mizre than there is 2 homogeneouws inguistic community, Language

is, in Weinraich's words, "an assentially hatercgensous reality.” Thera is no
mothar bongue, anly @ power takesver by & dominant language within a
political multiplicity. ™

In essence, what Deleuze and Guattan oppose is the postulation of a
“universal core” (or synchranidc dimension) of lamguiage, Since this r&legat&s
social processes {such as pidginization, creclization, or standardization)
to a secondary rode, affecting at most the transformational componeant of
the grammar, What they propose instead is to give historical processes
a more fundamental role by modeling the abstract maching of language
rat s an automatic mechanism embadied in individual brains but 85 a
diggram governing the dynamics of collective human interaction, The
rmain problem o be solved if we are to implament their proposal lies in
findimg a valid means of transferring the combirstorial productivty of the
automaton, its ability to produce an infinite number of sentences out of
a finite stock of words and combination rules, to the patterns of behavior
generated by different social dynamics. One possible solufion may be
o assume that the postulated grammatical rules do not exist in our
Brains but are instead embodied in social institutions. The problem with
this solution is that, as is well known, human beings do not learn their
mother tongue as & set of rules, Indeed, it was the well-documented abil-
ity of children o learn language by being exposed to adult conversation
{that is, without being explicitly told what the rules are) that motivated
the postulation of an inborn automaton in the first place, But If & set of
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rules is not the source of the combinatorial productivity of language, then
what is?

Omne possible answer i3 that words carry with them, as part of their
rmeaning, “combinatorial constrainks™ that allow them to restrict the kinds
of words with which they may be combined. That is, in this view individ-
ual words carry informatien abowt their frequency of co-coourrence with
other words, 5o that, as a given word is added to 2 sentence, this infor-
matien exerts demands on the word or kind of word that may coour next.
(For example, after adding a definite article to a string, the following posi-
Bon s constrained to be cccupied by @ noun.) Combinatorial productivity
would not result from a centralized body of rules, but from a decentral:
ized process In which each word focaily restricts the speaker's choices at
each point in the construction. One version of this alternative way of
handling the production of sentences was proposed long ago by the lin-
guist George K, Zipf, who was perhaps the first to study language as
“stuff,” that is, as a large body of material inscriptions exhibiting certain
statistical regularities. Zipf called the tendency of words to occur next to
each other their degree of crystallization: “To illustrate the comparative
degrees of dependence of words in sentence-structure, let us perform
an imaginary sxperiment. We may take as material & vast number of
English sentences, just as they are spoken, say & millian of themn. Figura-
tively speaking we shall now dash these sentences on the floor with such
force that they will break, and pieces of them will scatter. Of course,
some of the words, being more crystallized in arrangement than others,
will cohere. Definite and indefinite articles will adhere $otheir nouns,
auxiliaries to thelr verbs, prepositions to following objects "7

The lnguist Zellig Harris, who introduced the notion of “transforma-
tion" into linguistics in the early 1950s (and 50 is no stranger to the
Chomskyan paradigm), has developed a way to take metaphorical
deseriptions like this and transform them into 2 mathematical theory of
language that comes very close to the abstract machine we are looking
for. According to his theory, the constraints or demands that words place
o ane another are transmitted as socially obligatory information. ("Infor-
mation™ is being used here in the sense of “physical information,” the
kind measured in bits, nat the semantic information used in dictionary
definitions.) Harris explicithy develops his model of the soc ial transmis-
sion of combinaterial constraints in evelutionary terms, with different
canstraints {or rather, the sentences constructed with their help) compets
ing for the same "informaticnal niches."™ He rejects the concept of an
unchanging, homeogeneous core of language, and therefore his thaory
allows us to approach the question of dialectal variation (and the essen-
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fial heterogeneity of language) directhy: not only is language in constant
change, with the strength of the constraints varyving along & continuum
fram optional to obligabory, but the rates of change themselves may be
differest from dialect to dialact. His view of language is completely histor-
ical; the source of the constraints themselves is the gradusl standardiza-
ton for conventionalization) of customary usage. Thus, despite the fact
that changes in syntax may ocour much more slowly than changes in
other aspects of language, the syntactical element is not isolated fram
semantics and pragmatics, ™

Harris classifies three main types of combinaterial constraings, The
simplest one is what he calls “likeliheod constraints,” information carried
by words about the words with which they tend to combine more fre-
guently az a matter of actual usage. That is, a word like “liger'” carries
information to the effect that it typecally co-0ccurs with other words (such
as "fierce™ or “hunting™) but not others ("polite™ or "dancing™), Mot that
there is a spacific rule barring these combingtions; rather, a5 a matler of
statiztical fact, In a given spesch communily these words ocour in cartain
combinations much more frequently than in others. (The phrase “danc-
ing tigers" does occwr in children®s books, but compared with the overall
usage of those two words in actual speech, this combination is rare.} For
A given ward, the set of its most frequently co-coccurming words {8 fuzzy
set since it is in constant change, contracting and expanding) is called its
“selaction,” and in Harris's model it is this selection set that forms the
“core meaning”™ of the word, (Hence, the meaning of words would be
determined By their combinability, not their identity. Formal dictionary
definitions and infarmal sterectypes emerge from conventionalization of
likelinoed constraints. )™

A& second type of constraint, the most fundamental to the structare of
language, according to Harris, Is the operator-argument constraint, which
models the action that verbs, adverbs, adjectives, prepositions, and other
linguistic modifiers hava on their objects. Unlike the likellhoad constraint,
the oparator-argument constraint binds together not individeal words
but classes of words, A given operator, once included in a sentence,
dervands an argument of a certain class. This constraint, tog, adds infor-
maticn to the sentence: the mare unfamiliar the argument supplied for a
given operator, the more informative it will be. OF all the different linguis-
tic functions that this constraint may be used to model, Harris stresses
Lhe operation that verbs perform on the nouns that serve as their swb-
jects and objects, since this operation vields the basic structure of san-
tences, As is well known, sentences afford their users the means to
peerform two differant functions: to identify far an audience the objects or
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avents to which the speaker is referring and tc say something about thoze
chijects or events. The operator-argument constraint, when usad to link
verhs and Aouns, adds to a sentence the meaning of “aboutness,'” the
ability to refer not only to individual objects and events but also bo com-
plex sitwations.™

Firally, Farris postulates a third type of constraint, which he calls “re-
duction.” Whenewvar the likelihood that bao words will co-ocour becomes
very high, the amount of physical informeation their co-occurrence adds to
a sentence is correspondingly low,; that is, it adds wery litkle infarmation
thet cannot be supplied by the speaker or listener. In those conditions,
one of the two words may be reduced in Torm (becoming & suffix or prefix
attached to the othar word} or even aliminated altogether. However, aven
when a word has bean “zerped,” the little information it used to carry is
still there (or may be reconstructed by the speaker or listener), 3o that
after successive reductions the resuftant simpler forms may carry {in 2
very compressad way) a rather complex meaning. Harris uses this third
kind of constraint to explain the origin of some classes of words {such as
adverbs, proncuns, and seme conjunctions) as well as of the differsnt
affixes.™ In aother words, the reduction constraint allows Harris to give a
historical aceount of the origin of the main word classes, classes which
are taken as given {as unexplained primitives) in the Chomskyan theary ™

This is ane of the reasons why Deleuze and Guattari view the Chom-
skyan automaton as “not abstract enough.” The robot is capable of
explaining the production of one set of forms (Those of sentences) but
anly by assuming ancther set of forms (those of rules and primitive word
classes) In Harris's model, onthe other hand, language is a thoroughly
historical product (the curnulative resull af restrictions in the Goourrenos
of words relative to one anothar), and combinatorial constraints are truly
morphopenetic: as new constraints emerge from conventionalization of
customary usage, changing the probabilities that words will Co-0ccufr, l&n-
guage structure self-organizes as a process invalving successive depar-
tures from equiprobability (i.e., randomness) in the combinations formed
by replicating norms.™

This scenario meshes well with soms of the ideas we developed sariar
I particular, the emergence of language may now be seen as the result
of a double articutation: an accumulation formed by a sorbing device con-
solidated through an act {or succession of acts) of conventicnalization cr
Institutionalization,; However, this diagram may be foo simpte even to
aceount for sedimdntary rocks, which also grow and develop thraugh
aocration, that is, the amassing of further materials and the proliferation
of existing structure. Language, too, in Harris's wiew, is an accretionary
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tizucture. ™ In particular, once certain high frequency co-oCCurrences
nave become obligatory constrainks, speakers begin to construcl new
patterns by anajogy to previously institutionalized ones. Prior structures
could also proliferate by recursion: operator-argument pairs, for example,
themselves could be made the argument of a higher-level operater
Hence, positive-feedback loops develop where structure (consolidated
accumulations) favors accretions, which in turn generate further struc-
ture. Moreover, the creation of new patterns by analogy to previously
accumubated ones (or by recursive application of existing constraints) is
what generates a system that, in retrospect, may appear to consist of &
set of rules # (Of course, some |anguages, such as standard English or
French, are sets of rules, and they are taught to grammar school children
as such. The question is whether the language that those children learn
at home in an untutcred way is also a sef ¢f rules or rather a set of nor-
rative combinatorial constraints.)
== fnother feature of Harris's theary may halp us meat Deleuze and
Guattari's demand that the abstract diagram be “abstract enough.” Ide-

41 ally, the abstract machine postulated to account for the generatien of lin-

guistic forms should not be the abstract machine of language (in which
case it would be hard to distinguish it from an “essence” of language),
much as the abstract probe head we discussed before is not the abstract
maching of e (since it may be “incarnated”. in any population of replica-
tors, not only genas). Similarly, an “abstract enough” diagram that
gxplaing the generation of strings of linguistic inscriptions should ideally
explain the morphogenssis of other (nonlinguistic) strings. In other
words, language may not be the only structure that can be viewed as a
system of demands or of required repetitions. While the structure of lan-
guage is unigue, the constraints that generate it are not. (Being the sub-
ject of a verb is uniquely linguistic; laving the occurrence of cartain
things depend on the ococurreanca of other classes of things, s not.)
Harris shows how by making the combinatorial comstraints mare rigid
we can generate strings of inscriptions like those belonging to systems of
logle or mathematics, while by making thern mare flexible we can pro-
duce musical strings, For example, weak conversational {or discursive)
demands constrain the successive order of sentences in ordinary fan-
guage, |f we strengthen those demands, so that sentences must now fol-
lew ane another in a prescribed menner (and if we further demand that
the sequence bagin with self-avident truths and conclude with a sentence
as true as the previous ones), tha result is a logical or mathematical proof
struciure, I we change the operator-argument hierarchical constraint and
demand that only the operator carry constraint-based information, we

222

ARGURENTS AND QFERATORS

thereby transform the argument into a varable and the operator into a
function. (That arguments in mathematics axercise no sonstraints is what
rmakes it a scisnce of relations, that is, of operators.)9 On the other hand,
if instead of figing the operator-argument refation we make it variable, so
that “many varied ralations exist batwean a longer mwsical line and its
subsegmants,” we can generate structures like those exhibited in musical
compasitions.® This is not to deny that explicit rules exist in mathemati-
cal or musical systems, much as they do in standardized languages. The
guestion Is whether mathematics or muske could have originally devel-
oped as a decentralized system of constraints that only 1ater was formal-
ized as a centralized body of rules.

Irv addition o providing us with an “abstract encugh” diagram of lan-
guage, Harris's theory also meets the other requirernent we found lack-
ing in Chamsky's robot: thet the abstract machine be diractly connacted
to a social dynamics. Specifically, the core of Harris's model invelves a
process through which statistical regularities in usage are gradually trans-
farmed through standardization into required constraints. But these insti-
tutianal regquirerments wodld have no reality If there was no mechanism
through which social obligations could be enforced. 1L may be argued that
ta be complete Harris's theory demands some kind of norm-anforcament
mechanism, such as that provided by social networks, We saw before
that, im sociolinguistics, the degres of density of a network (roughly, the
degree to which, for every member of 2 community, the friends of his or
her friends know each other) and its degree of multiplexity {the degree to
which his or her life-support activities depend on those frends and friends
of friends) are viewed as the parametars that dafine its efficacy as a
norm-enforcement device, In a sense, these perameters define the inten-
sity of cur aftachment to a given communily or group, and the norms
enforced within a network draw the boundaries that dafine the identity of
thiat commiunity of group, Thus, & view of language in terms of constraints
on word combination directly involves questions of the effects that group-
membership has onindividuals, and, in that sen=eé, it meets Dalauze
and Guattari's requirement that “collective assemblages of enunciation™
be made an intrinsic component of the abstract machine of anguage,

I It possible to extend (or complement} Harris's medel so that a simi-
lar abstract diagram explains not only the form and function of individual
sentences but also the historical origin of larger linguistic structures, such
as discourses? Or more specifically, is there an abstract machine that can
explain in socicdynamical terms the emergence of discourses expressing
worldviews (coherent sets of values and beliefs)? A model created by the
anthropologist Mary Douglas comes close to defining such an abstract
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machine, and it may be linked with Harris's theory of language since in
Couglas™s mode! the intensity with which individuzls are attached toa
group also dafines an important feature of "collactive assemblages.”
Anather equally important trait of group dynamics defines not whom we
interact with, but how we interact; i does not bestow group-membership
but centrols behavior in the wider social context within which the group

functions. Douglas, who calls these two aspects of social dynamics “group™

and "grid,” one measuring the intensity of group allegiance, the other
the intensity of centralized regulation, has created a theory of Lhe self-
arganization of warldviews, In which the kind of cosmologies that emearge
in different communities depend directly on the valises of the “group”
and "grid" parameters. When applied to specific secial groups (Douglas’s
rradel does aot apply to entire secieties), these two parametars define an
abstract diagram with four possible stable states thal act as "altractors”
far beliefs and values as they crganize into a coherent set. Or rather
(since she models not the dynamics of beliefs but the dynamics of growps
of believers), the two paramaters define a lifestyle (maore or less hierarchi-
cal, more or less group-dependent) and people coarce one another b fully
develop the implicalions of fhat lifestyle, The resultant worldviews act as
attractors in the sense that “the four extreme grid/group positions on the
dizgram are liable to be stable states, steadily recruiting mambers to
their way of life, which is at the same time inevitably & way of thought."#
When both the group and grid parameters have high values, the ¢om-
munity in question rot only has a strong sense of self-identity (the group
may spend much energy policing boundaries and elaborating rules of
admizsion) but itis also well integrated inte larger social groups. Life
within a governmant military institution such as the army or navy would
serve as a good example of this lifestyle, but so would the culture of any
hierarchical bursaucracy, Keeping the value of group allegiance high but
towering the value of regulation {and integration into a larger whale)
rasults in sectarian lifeatylas with strong group identity but & weak sense
of responsibility to conform b any norrs that bold outside the group, If
both parameters are set at a low intensity, group meambers refrain from
drawing strong boundaries arcund them (they rather engage in network-
ing: given the loose group demands, evervthing seems open for nagotia-
tion), and they tand to participate in those areas of public life that are
less centrelized and hierarchical, (& small-business entrepreneur would
e a good example here, but nok the manager of a large corporation, par-
ticularly if he or she participates in the corporate culture.) Finally, thers
are those who do not belong to closed groups but nevartheless hava litthe
room to manaeuver araund regulations and are, indesd, burdened by them:
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Az | see it three corners exert a magnetie pull away from the middle; indi-
vidualists extolling a culture of individuatiaem tend b beecosme mare-and
more uncommitted to sach ether and more cormmitted to the exciting gart-
ble for big prizes, Egalitarian idealists committed fo a sectaran cultura
strongly walled against the extarior, becorme more and more anraged
against the outside society and more jealous of each other. The supportive
framewark and intellectual coherence of & hlerarchical and compartmental-
ized society nurses the mind in cogent metaphysical speculations vulnara-
ble to disarder and independence. . .. The fourth corner, the fully regulated
individuals unaffiliated te any group, is plentitully inhabited in any complex
socieky, but not necessarily by peaple who have chosen 1o be there, The
groups [bureaucracies or sects] expel and downgrade dissenters; the corm-
petition of individualists . .. pushes those who are waak into the more ragu-
lated areas whare their options are restricted and they end by doing what
they are told.®*

Although Douglas’s model may have to be enriched in several ways,
even in this simple farm {with two parametars generating four possible
states) it meshes well with the ideas we have explored in this book. First
of all, it atternpts to capture some of the features of group dynamecs
behind the genesis of farm at the level of coherent discourse. That this
morphogenatic process may turn out to be mere complex does not
daprive her hypothetical model of validity as a first approximation, partic-
ularly if the model Is given a nenlinear dynamic formulation so that the
first three cormers of the diagram become true attractors. (A catastrophe
theory version of Douglas’s model does exist and points in the direction
that this refermulation would have to take.®) Additionally, tha model is
intended to be used in & bottom-up way, to be applied to the study of
specific communities, where the constraints that the holders af & world-
yiew exert on ane another can be fully specified, In other words, the
seheme is not supposed to apply to socleties as a whole but only to
smaller subsats thereof, with cities or nation-states modeled as complex
mixturas of several typas of warldview.2s On the other hand, Douglas's
model has limitations: it enly captures processes that take place within
organizations or collectivities, and hence cannot accourt far the effacts of
the transmissicn of ideas and routines between the members of an ecal-
opy of institutions or, indeed, for any effect on the form of discourses
which the intaractions between institutions may have (.g.. the Interac-
tions between hospitals, schoois, prisons, and factories).

Returning to the question of the abstract machine of language, both
Harris and Douglas have contributed crucial insights into the essentially
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collective character of this maching, In both inguistic evolution and world-

view developrent there are, no doubt, many contributions and inpovas
fions by individuals. But in many cases it is the position of an individual
in & communication network that determines the fate of his or her contri-
bution, Consequently, the accumulation and consolidation of languages
and worldviews is a collactive entarprizse, not the result of individual self-
expression. Moreover, to the extent that the resuiting linguistic and dis-
cursive forms are transmitted to new generations {er néw meambers)
through enforced repatition, thesa farms are replicators; hence we need
b use "population thinking™ to describe their evolutionary dynamics,
This, too, forces on us the need 1o approach the subject in terms of col-
lectivities rather than individuals. On the cther hand, the collective
dynamics may be such (ow groupdow grid) that individeals may play sig-
nificant roles in the fate of thase accumulations. But even so. it may ba
argued that this extra room to manewver is afforded to individuals by the

stable state governing the collective dymamics, and in any case those indi-

vidualks owe their surplus freedom to the fact that they are connacted to
decentralized structures {such as markets), which are every bit as collec-
tive as the most routinized hierarehy®

We may now picture the structure-generating processes behind individ-

ual sentences as embodying an abstract machine operating on the basis
of combinatorial constraints transmitted as replicators. The process of
transmigssion itself invelves collective mechanisms of enforcemeant, which
are also part of the abstract machine of language and which mey be
used to scoount for the emergence of coherent structures made out of
many sentences (discourses embodying spacific worldviews), Mow we
must refurn to the historical development of both these components of
the abstract machine and examine the history of their multiple and
complex interactions,
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Linguistic History:
1700-2000 A.D.

The eighteenth century wit-
nessed two dramatic develop-
ments that were to affect
profoundly the fate of the lin-
guistic mixtures of Europe:
the rise of nationalism and
the growth and spread of dis-
ciplinary institutions. On one
hand, the project of nation
building was an integrative
movement, forging bonds that
went beyond the primordial
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ties of family and locality, linking urban and

rural populations under a new social contract.

On the other hand, complementing this pro-
cess of unification, there was the less con-
scious project of uniformation, of submitting
the new population of free citizens to intense
and continuous training, testing, and obser-
vation to yield a more or less uniform mass
of obedient individuals. This was not to be,
however, an undifferentiated mass, but one
whose components were sufficiently individu-
alized to then be sorted out into the ranks

of the new meritocracies, where achieved sta-

tus replaced ascribed status as the criterion
for establishing rank. Although unification

and uniformation did not always go together
(and, indeed, their requirements sometimes
clashed®), certain countries underwent both
processes simultaneously. As Foucault writes:

Historians of ideas usually attribute the
dream of a perfect society to the philoso-
phers and jurists of the eighteenth cen-
tury; but there was also a military dream
of society; its fundamental reference was
not to the state of nature, but to the
meticulously subordinated cogs of a

LINGUISTIC HISTORK: 1700-2000 &0

machine, not to the primal social contract,
but to permanent coercions, not to funda-
mental rights, but to indefinitely progres-
sive forms of training, not to the general
will but to automatic docility. ... The
MNapoleonic régime was not far off and with
it the form of state that was to survive it
and, we must not forget, the foundations
of which were laid not only by jurists, but
also by soldiers, not only councillors of
state, but also junior officers, not only the
men of the courts, but also the men of the
camps. The Roman reference that accom-
panied this formation certainly bears with
it this double index: citizens and legionar-
ies, law and manoeuvres. While jurists or
philosophers were seeking in the pact a
primal model for the construction or recon-
struction of the social body, the soldiers
and with them the technicians of discipline
were elaborating procedures for the indi-
vidual and collective coercion of bodies.™

In France, not only did unification and uni-
formation coexist, but they reached a higher
peak of intensity during the Revolution of
1789 than in other European nations. In par-
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ticular, the revolutionary armies, later to become the core of the Napa-
feanic war machine, were the perfact embodiment of both projects. Thesa
were citizen armies, unlike the mostly mercenary armies that had hereto-
fore dominated Eurcpean warfare, and therefore larger and stronger in
morale. They were a manifestation of the fact that the new social pact
had transformed the growing population of France into a vast reservair of
manpower, to be tapped not only for political participation in the new
demacratic institutions, but also as a massive source of new recruits. In
order to funchion as part of & larger machine, howevern, these Masses
would nesd to be “processed” by means of novel methods of drill and
exercite and continuous observation and examination, which alone couid
transform these human raw materials already possessed of nationalistle
fervor into efficient compaonents of a new combinatarial calculus in the
battlefield (e.g., the tactical system of Jacques-Antoine de Guibert). =

Eoth the meshwork of dialects and the superimposed hierarchical
standard languages were affected in a variety of ways by thase two socizal
projects, Arcund 1760 (in Frange as well as in other countries), dialectal
variation came to be seen not as a question of inferier ratonality relative
to the standards, but as a problem of the state: an chstacle to unifica-
tiorn and national consolidation, a potential scurce of local resistance to
integration into the larger social body, During the French Revolution, this
naw attitude toward langueage led to intolerance, not only toward aristo-
cratic Latin, but alse toward the dialects and patais {dialects without a
writing system) that the majority of French citizens spoks, but which now
rapresanted provincialism and backwardness to the Parisian elites, This
linguistic chauvinism was expressed thus by a revolutionary in 1734
“Federalism and superstition speak Breton; emigration and hatred of the
Republic speak German; the counterrevoluticn speaks talian, and fanati-
cism speaks Basque,"™ During these turbulent years, speaking French
carme 1o be seen as a political act, an expression of patrictism. Revalu-
tionaries were divided as to what counted as "paolitically correct”™ French
(the sansculcttes wanted it “brutal and vulgar” while the leaders of the
French mational assembly preferred it “free, bold and manly™), but they
were united in their common distrust of the dialects, which they believed
the enemy might use to fragment and marginalize the masses %

The study of Greek and Latin in school was viewed by revolutionaries
as a transmissicn of dead knowledge through dead languages and was
evantually forbidden. (Mapoleon, a classicist himself, would reinstate the
instruction of Latin in schools later on.) The counterrevalution, on the
other hand, defended Latin on the grounds that it aflowed the dead o
speak to the living, thus providing continuity with the classical past, a
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continulty threatensd by the rising verraculars, Behind this struggle over
the relative merits of major languages (both sides despised minor lan-
guages), there was a philosophical attitude toward language in general
that found expression in these years and laid the foundation of the dis-
pute. The idea that the structure of language determines the structure of
perception may have ariginated with Diderot and Condillac, and it first
acquired political overtones during the French Revolution. Both sides
took this idea very senously, The revelutionarias found covert, oppres-
sive meanings hiding behind old words (especially behind aristocratic
titles and names) and added to their political agendsa the “relanguaging”
of everything, from the French calendar fo place-names, The counter-
revaiutian, on its side, saw its enemies as “drunk on syllables; rioting in
an orgy of wards, issuing from suffocating rivers of speeches, books

and pamphlets.™ 4 fundamental misunderstanding of the meaning of
certain words (e.g., egalitd, volontd), the rovalists believed, had shaped
the revolutionaries” thought processes and distorted their perception

of things.

Whatever the merits of this view of the nature of language and percep-
tion, a national language was felt necessary because only through linguis-
tic unity could the emerging elites mohilize the masses for peace and for
war. b uniform means of communication was needed to tramsmit the new
political ideals to the peaple and allow their participation in a national
political process. 1t was also necessary as a maans of exhortation (to tap
into the human reservoir by manipulating nationalistic feelings) and as an
instrument of cammand in the army. This latter task became even more
important as Mapolean transformed warfare from the dynastic duels
typical of the eighteanth century to the kind of "total war™ with which we
are familiar today, & form of warfare involving the complete mobilizaticen
of a nation’s resources. In this regard, one of the most impertant “inne-
vatisre" of the Revolution was the creation of a recruitment system that
amounted to univarsal conscription or compulsory military service, ™
The transformation of the French population into a human reservoir to
b mabilized for total war was initiated by an institutional speech act, a
decres issued by the Mational Convention in August 1793:

vos all Frenchmen are parmanently requisitioned for sarvice into the armies.
Young men will go forth to battle; married men will forge weapons and
sransport muniticns; women will make tents and clothing @and seree in nos-
pitaks; childran will make lint from okd linen; and old men will be brought to
the public squares to arouse the courage of the soldiers, while preaching
the unity of the Repulblic and hatrad against kings.
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Of coursae, as with all speech acts, this decroee's power 10 calalyze 2
major sacigl change depended on meny nonlinguistic factors, such as the
existence of a growing urban population without clear economic prospects
and an administrative apparatus capable of handiing the bureaucratic
tasks demanded by such a massive mobilization ® The efficacy of the
decree alse depended on an intensification of the uses of discipling,
supervision, and azamination. A similar remark can be made atout the
imstitutional speech 2cts that abolished the use of Latin and non-Parisian
dialects during the Revolution, In particular, the “Frenchification” of the
provinces was not a project that could be realistically carried cut at the
end of the eighteenth century, because there was yet an insufficient num-
ber of teachers, (This process would bave W wail about a hundred years,
until 1881-5884, when primary aducation in standard French was made
compulsary ® Additionally, schools had to be tranaformed into discipli-
nary institutions, & slow process thal had Begun before the Revolution,
Throughout the aighteenth and nineteenth centuries, schocls evolved with-
in a complex instibutional ecology (that included hospitals and barracks,
prigons and factories), increasing their use of writing to record individual
differances, of repetitive exercizes for both training and punishment, and
of a systern of command based on signals that triggered instant obedi-
ence. A% Foucault observes, “The tratining of school-children was Lo be
carriad out in the same way [as in the army]: few words, mo explanation,
& total silence interrupted anly by signals — hells, clapping of hands, ges-
tures, a mere glance from the teacher, "

Chne should be careful, however, about axtrapolating Foucault's findings
to other countries, because eightzenth-century France was a picneer in
this regard. Her arsenals and armeries were at this time developing one
of the ey clements of mass production; ber language academy was tha
world®s leading standardizing institution; and, finally, mast other nations
implemented democratic institutions and replaced their aristocracies with
meritocracies without painful revolutions and cver much longar pericds
of time. England {where thess changes ware effected anly after seven
decades of soclal reform, 1832-1902) is ilustrative here precisely because
it invalved such different conditions, In particular, a key element of the
process of nation building—one that France was late in implementing—
was the creation of a natlonwide market. As we observed In the first chap-
ter, unlike local and even regional markets, national markets were not
self-organized meashworks but inveived a good deal of command elemeants
emanating from the capital ciby. 1f Parls played the role of intellectual hot-
house, where the ideas and energy behind the Revolution accurnulated
and synthesized. Londen played the role of a huge economic machirg

232

LINGURSTIC HISTORY! 2FO0-Z000 A0

animating trade flows throughout England. Eoth capitals were ulimately
parasitic, and yet they were also essantial to the process of forging a uni-
fiedd, higrarchical national entity out of & meshwork of provincas and
rEgians:

These lowns . .. represanted enormous expenditure. Their econamy was
anly balanced by cutside resources; others had to pay for their ludury. What
use ware they therafore, in khe Wesl, where they sprang up and asseried
themselves 5o powerfully? The answer is that they produced the modern
statas, an enormous task reguiring an enormous effort. They produced the
nmaticnal markets, without which the moderm state would e a pure fiction.
For, in fact, the British market was not born solely of the political union of
England with Scotland (1707}, or the Act of Union with Ireland (12017, or
hecause of the abolition of 50 many 6dls . .. or because of the speading up
of transport, . .. It was primarily the result of the ebb and llow of merchan-
dise ta and from London, &n enarmous damanding central nesvous system
which caused everything to move to ks own rhythm, overturned evaryihing
and quellsd everything. 3

Here, too, we find the same combination of institutional speech acts
instantly creating political unions or destroving economic obstacles (tolis).
and an energetic and material process {(intensified trade flows) sustaining
the efficiency of those linguistic catalysts. The mast important form of
merchandize flowing from London in the eighteenth centary, in terms of
its effect on linguistic materials, were the “linguistic engineering” devicas
constitubed by authoritative (and autheoritarian) dictienaries, grammars,
and guides to proper pronunciation. Unlike in France, these would not be
the product of government institutions (academies) but of individuals tak-
ing advantage of the emerging national market, which amplified their
afforts as much, or more, than any natianwide organization could. These
devices, perhaps best (llustrated by Samuel Johnson's dictionary of 1755,
had & long-lasting effect on the English soup of linguistic replicalors,
increasing (ts homogenization and the subordination of all other diafects
to the written standard of London. The social dynamic of Londeon and
ather large towns, where the middle class was growing in number and
importance, greatly facilitated the penetration of these devices, since, a3
we obhserved earlier, it 15 in socially mobile classes that the pressures
from sotial netwarks to preserve local linguistic patterns as badges of
identity ara at their weakest.

When Dr. Johnson published the first edition of his dictionary, London
nac already experienced a whole century of autheritarian attitudes
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toward language, mostly Inspired by writers such as John Dryden,
Daniel Defoe, and Jonathan Swift. These writers publichy decried the
“cormuption'” of the English language by spontaneous linguistic change
and lamented the lack of an academy on the French model to protect
the "purity" of the fanguage by fixing it in its pure state for all tirme.
(Defoe, for Instance, wanted to make the coining of new words as crimi-
pal as coining money )™ Bul aothing came of these calls for linguistic
reform wntil Dr. Johnson’s dictionary codified the lexical features of Eng-
lish, that is, recorded “repitable” vocabulary and exhibited “correct”
pronunciation patterns:

20 strong was the social influence of D, Jehngon Ehed bis work Becanme
symonymods with the word dictionary itself, and the dictionary dominated
English letters for over a century and remained in use untl 1900, CGne mea-
sure of the dictatorial power of “the Dictionary™ 15 the fact that a Bill was
thrown out of Parfiameant in LB3D simply because one of its words had not
been reconded by D Johneon. This mystical power spon extendad to other
dictionaries in the latber balf of the sighteenth century, sSpecially with
regard to proper pronunciation. Speakers of middle-class dialect, eagerly
ergaged In social elimbing, wanted autharitative keys to the articutations of
palite society, A5 a reselt of this ready-made market, pronunciation dictice.
naries thrivad during the last threae decades of the aighteenth cantury, ™

A Tew years after Dr, Johnson's dictionary was unleashed on the popu-
lation of linguistic replicatars, decréasing the intensily of their variation, a
series of normative and prescriptive grammars began to be published
with the aim of reducing the syntactic habits of London's upper classes to
a set of codified principles, Although by toeday's standards their efforts
were not sciantific (they used synthatic Latin grammar as 2 Kind of "umni-
versal grammar” to codify English, which had already become an analytic
languagel, the early grammars had & preat impack in their time and many
of their prescriptions and proscripticns {e.g., discocuraging the ending of
sentences with prepositions and the splitting of inflnitives) are gtill with
ug today, ¥ Together with dictionares, these mechanically reproduced
sets of norms furthered the London standard's domination of other dia-
lects, However, much as stancard French would need to walt for eosmpul-
gory primary schocd o Become & brue homogenizing forse, so would
standard English ramain a coexisting (if more prastigious) nerm until
1870, when primary schooling was declared “universal’ and children
began to learn English twice: once as a living language at home and again
a5 a el of codified rubes at =choal,
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Thus, in the eightesnth and nineteenth centuries, standard French and
English continued to widen their power base at home. They also began,
via colonialism and conquest, to spread around the world. At this point,
despite the growing size and power of the British Empire, English was still
inferior to French (and even to talian and Spanish) in terme of interna-
tional prestige, But this would soon change, and during the following cen-
tury the number of English speakers in the world would rise sharply
(almost tripling bebween 1868 and 1912}, as would its rank in the global
pyramid of colenialist standards.1®? Eventually (in our own century), Eng-
lsh would challenge French for the role of "world standard.” Bul even
before the twentieth century, the colonial competition among the Euro-
pean powers —and the concomitant spread of their languages throughout
the world—was already an important element of a process that would
aventually lead to global confrontation.

Wastern colonialism was reproducing, on a worldwide scals, the condi-
tions In which Europe found itself at the turn of the millannium. Instead
of one imperlal standard {writkan Latin} immersed Ina complex mixture
of vernaculars, now a vanety of stendards {first Spanish, Porfuguese, and
[utch and later on English and French) coexisted and intaracted with an
aven more varied combination of local languages, The situation was not,
of course, exactly analogous since the soup of linguistic materials sur-
rounding written Latin was largely made up of divergent forms of spoken
Latin, while In the centuries bebween 1500 and 1900 European languages
came inbe contact with populations of normis which had been shaped and
sculpted by distinet and diverse historical forces. Furthermere, the num-
ber of different contact situations that were created during these cen-
turies excended those that existed when the Romance languages ware
torming. Thus, while commercial contacts in both perieds produced trade
pidging (Mediterranean Sabir and Chinese pidgin English, respectively),
only the second period produced situations where new stable languages
could crystallize, Indeed, as Dell Hymes has said of modern pidgins and
Creabes:

Thelr very existence is largely due to the procasses —discovery, exploration,
trade, conguest, slavery, migration, colonialism, nationalizm—that have
brought the peoples of Europe and the peoples of the rest of the world to
share a comman destiny. Mare than any variety of languages, they have
been part of these activities and transformations. ... And while thase lan-
puages have come into being and existed largely at the marging of historical
consciousness—on trading ships, on plantations, in mines and colonial
armies, often under the most imiting or harshest of conditions — their vary
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origin and develepment under such conditions attests to fundamental char-

acteristics of language and human naturs, X

Slave plantations are perhaps unique among the different contact situ-
ations generaled by the expansion of Eurcpe, Plantations became verita-
e "linguistic laboratories” where brand-new languagaes were produced
out of elements of African dialects and a streamlined version of a major
European |language. As we argued above, far from being “corruptions” of
the rmaster’s language, pldging must be viewed as creative adaptations
developed by the slaves themselves in arder 1o commumicate with sach
other. A% one linguist points out, “All the early accounts {dating from the
eighteenth century.in famaica, for example) report that the white plant-
ers and their families were learning the creale from the slaves, not vice

versa." s Slaves neaded to invent their own lingua franca bacause planta.

tion owners deliberately purchased Africans with different linguistic back-
grounds to prevent therm from communicating with one another, hence
reducing the risk of insurrection.

a3 far | have besn using the term pidginization to refer to any process
of reduction or simplification of linguistic resources, including the conver-
sion ol @ synthetic into an analytic language. Although there are linguists
wha use the term in this sense {(e.g., William Samarini®}, Hymes has
objected that simplification alone cannot account for the birth of (more or
less) stabie entities, such as the precursors of Jamaican English and Hait-
fan French. Hymes adds the requirerments that the new, simplitied pidgin
be used by several groups (sach with its own mother tongue distinct from
the pidgin} and that there be an admixture of linguistic materials from
different sources. To this it should be added that the language being
pidginized —in the case of plantations, the master's language — must be
absent both &% & source of stigmatization and as a reference model. That
5, the crystallization of a pldgin invelves a barrier {geographical ar social)
that distances the emerging entity from the conservative tendencies of
the prestigious target language. Only under these conditions can a pldgin
achleve autonemy from the dominant norm, and it is this autonomy that
defines it as a separate entity, ™’

Another difference between the pidgins generated by European colo-
nialism and those that emerged (belore and after) as trade jargons s that
the plantation pidging, after their slave speakers bhecaime froe, soon
avolved inte more durable antities called “credles.” One way in which pid-
gins avoid extinction is precizely by reenriching themselves with many o
the redundant features eliminated during the simplification process and
by diversifying in the number and type of uses they can be put to. Accord-
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ing to one important theory of creolization, recognizing that many pltanta-
tion creoles are a one-generation process, children play a crugial rale in
acreale's recomplexilicatiaon. Children's ability to do this may be explained
as deriving from inkernal linguistic strustures {i.e., Chomsky's robot) that
are universal to all languages and expressed most fully in the critical
vears of childhood when language acquisition is easier. (This is the cur-
rent explanation for the craclization of Hawaiian pidgin, for example, 152

On the other hand, the role of children in the creclization of plantaticn
pidgins may be explained in terms of socielinguistic constraints. Given
that adults who have just undergane the transition from slavery to free-
dom cannct be expected to feel & great deal of loyalty bto their pidgin
(which was not a badge of local identity), they do not behave toward it as
a traditional norm to be preserved. Tharefore, as they transmit these
norms to thair offspring they exert very lithe effort to supprass navel
utterances, =0 that many nonstandard words or phrases survive and are
eventually used 1o reenrich the pidgin.™ As usual, we may expect com-
plex and varying mixtures of these and other factors be be responsible for
specifie creales around the world, Maore impartantly, varyving mixtures of
factars will be active in different regions of the same country, as in the
separate plantations of Jamalca, When one speaks of the crystailization
of a creple (or a pidging as a separate entity, one must also keep in mind
that these novel entities are still part of a continuum of diglects, much
as nonstandard English or French are in their home countries, Therelore,
ke speak of Jamaican or Haitian creole is to refer to that segment of a
conbifiuum of vanation which exhibits the mazimum divergence from the
standard but which is still connected to other portions of the meshwork, 20

Taday, the majority of creole speakers live in the Caribbean Islands
fabaut six millicn], although there are also smaller populations in westarn
and southern Africa and southern and southeast Asia. The Caribbean is
mumerically dominated by French-based cresles, but a million and a half
Jamaican cregle speakers speak an English-based diatect, The absence
of Spanish and Fortuguese crecles in this region is puzzling, given that
they are widely spoken in Asia and that Spain and Portugal’s presence in
the: Caribbean antedates by more than a century the arrival of the French
and British. (Papiaments is the only example of 2 Spanish-Fartuguese
creole, but it incorporates so many Dutch and English elements that it is
almost a crealized Esperanto. )18

The historian Sidney W, Mintz offers one explanation for this apparant
anomaly in terms of the demographic and social conditions that sus-
tained the zpecial contact situation outlined above. As he says, planta-
tions were not real communities but socially artificial collocations of
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slaves and masters the political basis of which was raw physical force.

It the Caribbean, plantations were part of & repeopling of “population
wacuums" created by European weapons and diseases, All plantations in
America had this in common, Buk there ware differences as well: "Genear-
ally speaking, the Hispano-Caribbean colonies were never dominated
demographically by inhabitants of African origing moreaver, in those
colonkes movement from the social category of “slaves” to that of “free-
rman” wias almest always relatively rapid and ralativaly continuaous, ' 92 By
the time the number of African slaves increased significantly in Spain's
colonles (fate-eighteenth-century Guba and Puerto Rica), the islands
had already ceased o be population vacuums and were now peopled by
speakers of Spanish.

These differences (demographic compesition and degree of social
mability) directly affected the conditions under which stable entities arose,
The mare numercus the slave population relative to the masters and the
siower the “phase transition™ from slavery to freadom, the more distant
and inaccassibla the dominant linguistic norm would be for the slaves,

a circumstance that promoted the autonomy of the pidgins and creoles.
Other cireumstances were also "barriers” to the norm, such as the atti-
tude of the white colonists toward their homeland. “Whereas the Spanish
settlers in Cuba and Puerto Rico soon came to view themselves as
Cubans or Puerte Ricans, the French and British colonists apparently
tended to see themselves as Europaans in temporary exile,' 43 One Tactor
affecting this attitude was the rigidity of administrative control exercised
by the capltals and metropolises of Eurcpe; the more rigid and uncom-
promsing the colonial policy, the easier for the colonists to establizh a
local idantity. This in furn may have affected other factors, such as the
growth of an Infermediate mulatts class, which depended on the readiness
of the colonists to mix racially (highest among the Spanish, lowest among
the British, with the French in an intermediate pesition), These intermadi-
ate classes {and their limited but real social mobility) affected the saci-
olinguistic situation, decreasing the focus of the transmission of linguistic
replicators and hence the ease with which the emergent norms could
become autonomous.

In summary, while the dialects of Paris and London ware belng artifi.
cially frazen through standardizetion in their home eountries, elsewhers
their constitutive norms were being operated on by those under Europe’s
colonial rule, producing the opposite result. That is, while academies {or
the combination of national markets and linguistic engineering devices)
ware consolidating a pyramid of dialects in Europe, the major European
languages at the top of those hierarchies were being resculpted and
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adapted for diffarent purposes by minorities around the world, resulting
it @ continuum of variation of which the crystailized crecles represented
only one (maximally divergent) segment. As we move on inte the nine-
teanth century, cther centact situations created mixtures of factors and
interactions betwean local and European languages which resulted in dif-
farent appropriations of English and French. During the nineteenth cen-
tury, the continent that underwent the most intense form of colonialism
was Africa, which was carved up between Britain, France, Germany, and
other European powers. These countries assumed conbrol of different
regions, most of which wera linguistically heterogenecus, enclosed them
within arbitrary borders (that is, frontiers cutting across preexisting
ethnic and tribal boundaries), and imposed their language as the afticial
torpue of colonial administration.

Much as differing attitudes toward administrative policy resuited in
different linguistic outcormes in the case of plantation orecles, so, tog, In
the conguest of Africa: England {and Garmany) followed a pelicy of "indi-
rect rule,” according to which existing institutions were allowed to sur-
vive and were used to govern the colony; France, on the cther hand, was
mare inclined to export her own institutions into her colonies. These dif-
farent attitudes were alsa reflacted in the (explicit or implicit) inguistic
palicles of the conquering powers, The French projected their language
{which they beleved to embody universal values of clarity and rationality)
with missionary zeal, while the Germans were contemptuous that “lesser
breeds” would express themselves in German and therefere did not export
their language to the colonies. England was intermediate between the
two, not actively promating English but willing to bestow it on the elites of
the regions under har rule. For the same reasons, the French empha-
sized assimilation and hance were much less tolerant of local languages
{and culture), while the British and Germans stressed soclal distance and
allowed their languages to coexist with local varieties. ™

The main difference between the linguistic contact situations that arcse
in nineteenth-century Africa and those that cocurred earlier on Caribbean
slave plantations is that the former did not ocour in a populational {and
therefore linguistic) vacuum, but rather involved a coexistence of differ-
ent peoples and languages. In particular, the conguering linguistic norms
from Europe faced three strong rivals in Africa: Arabic (mostly in the
north}, Hausa (the prestigious language associated with the pomp and
splendor of the ruling elite in northern Migeria), and finally Swahili {a lan-
guage of creole orging which had by then become a lingua franca on so
linguistically heterogenecus # continent), Written Arabic had, at this
point, the solidity of a standard language, given the tendency of its users
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to imitate the language of the Koran, whose every word was supposed
to have come directly from the mowth of God. Havsa and Swahili were
also “lelamized” o a certain extent, and vet Swahili, due ko its role as a
fingua franca {and hence the tendency of its constitutive norms to repli-
cate across ethnic and tribal frontiers), was more ecumenical than Hausa
or Arabie, 95

From the perspective of the conguering powers there ware two reasons
to met invelved in linguistic matiers. On one hand, government instibus
bigns were inberested in tapping into. the reservoir of African peoples for
menial clerical positions, {Later on, during the two world wars, their inter-
ests would shift to converting this reservoir into a source of recruits for
Western armias.) The colonial governments needed, therefore, a lan-
guage of administration as well as a language of command. On the other
hand, Afnca underwent the most intense Christianization of any conti-
nent after 18030, a process that involved ecclesiastical institutions (or
their mizsionary representalives) not only in the effort to diffuse their
spiritual values among the subject population, but also o spread a West-
ern-style educational system. Here the need was twofold: a commaon lan-
guage of instruction (typically a Western one} was nacessary, but 50 ton
was the elaboration of local languages in order to transform therm into
vizhicles for spirtual communication, (Missienaries, for example, devised
orthographies, grammars, and dictionaries for many African vernaculars
in order to transtate the Bible inte them and preach 1o the locals in their
mather tengue.) These twio different forms of culteral assimilation often
came into centlict: the British and German policy of using existing institu-
tions to govern meant that, wherever those institutions were 1slamic,
the regions under their control were aft-limits to the Christianizers. 2%

Bath Sritain and Germany picked Swahili (in addition to English o
German) as their language of administration and command. Unlike
Hausa, which was strongly identified with a specific tribal elite, Swahili
was a more ethnically neutral dialect, 1t was likely the Germans in Tan-
ganyika who gave Swahili the greatest impetus, German missionaries
helped codify some of its features and extend its uses. By 1888, news-
papers were being publizshed in Swahili. The British, on the other hand,
adopted Swahill in a more subordinate role {for instance, for use in the
lewer courts, while English still dominated the higher courts)."? The socl-
olinguistic situation of the different African territories alzso influenced
government policy on language. In Tanganyika, where there was rmore
linguistic fragmentation (there were no large kingdoms around which lin-
guistic loyalties might have coalesced), Swahili seemed o be the anly
thoice. In Kenya, the population was much more concentrated inta lins
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guistically homogenecus blocks in the wellwatered highlands (each block
separated by land ecclogically unreceptive to Evuropean settlement), so
the dominant lecal dialect, whatever it happened to be, was as good 2
whoice as Swahili as the language of administration. (This ambguous role
would later on have consequences for Swahili, After independence, Tan-
ganyika, now rebaptized as Tanzania, adopted it az a national language.
Kanya did not.)}u#

Regardiess of these [ocal variations, Swahili was always subordinate to
English. Even in postindependence Tanzania (where strest signs, colnage,
public notices, and town meetings use Swahilid, this crecls is used only
for primary education, while English remains the vahicle for higher edu-
cation and international communication (hence, it is the language assock
ated with social mekility), Although only a few elites (e.g., in Liberia)
speak English as their first language, it has become the most important
sacond language in two-thirds of Africa. Under these circumstanceas, it
has become important for Anglophone Africans to apprepriate English. for
themselves and seb it in variation so that it can evolve into a crecla
unigualy suited to their linguistic needs 112

In the linguistic conquest of Africa, English did better than French,
which became the second language of only one-third of African speakers.
But as important as Africa was in the contest between these two lan-
guages, the decisive battles in this rivalry would be fought on other conti-
nants, In particular, English became the language of four out of five
ned-Europes (though it sharad the fourth, Canada, with French), Becauss
of the extreme fertility of these temperale zones, English speakers multi-
plied at a significantly faster rate than French speakers. As in other
colonies, seitlers in the United States, Australiz, and Mew Zealznd rein-
jected their colonial language with heterogeneity, as they entered into 2
number of different contact situations through which linguistic items
from foreign tongues penatrated English. Settlers adopted & number of
terms, particularly names of places and unfamiliar plants and animals,
frovm Mative Americans and Australian Aborgines. Yet, as happenead to
Celtic in relationship to Qld English, the norms borrowed from the subju-
gated peoples had & very high desth rate (eg., of the 130 terrms Ameri-
can English borrowed from the Algenquian family of Indian languages,
aonly & fourth have survived fo the present dayv) 122 Contack with colonists
fromn ather countries (France, Spain, and Holland, in tBe case of the
United States) also produced a flow of linguistic leans of varying durabil-
itw, @2 did the langueges swept in by saveral waves of immigration. {Ger-
man seems bo have been the first immigrant language 1o have had a
marked influence on American English.)
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Howeeyver, by the mid nineteenth century, technalogical developments
were working against these heterogenizing forces. In particular, the inten-
sification in the speed of local and global communications brought about
by steam power {in Iocoematives and transoceanic ships) and electricity
itelegraphs) meant that one indispensable elemnent In the creaticn of new
languages, isolation after contact, was now harder than ever 19 achieve,
A we have observed, the entities that form out of a flow of raplicators
{twhether genes, memes, or norms) that has heen sorted by selection
pressures need 1o be isolated from other replicative flows in order to con-
solidate into a new entity. The barriers that create these isolated pockets
of replicators can be of different types, To distance and geographic in-
accesgibility, we must add the emotional barrier constituted by loyalty to
a local variant {in danse social networks), the mechanical barrier of differ-
ent articulatory systems Chard-te-promounce Tareign words), and even
conceptual Barriers (words are not readily transferrad to or from a lan-
puage that has no "words" in the Indo-European sense). The linguist
Keith Whinnom argues that these four fypes of obstacles 1o linguistic dif-
tuston have close cownderparts in the case of genetic replicators {ecologi-
cal, behavioral, mechanical, and genstic barriers), 121

In the caze of American and Commaonwealth English, anly the first two
barriers (distance and lovally) could have played a role in the generation
of néw entitias, much as they did centuries before whan Middle English
developed inte five distinct dialects, But as ships, trains, and telegraphs
began to “shorten™ gecgraphical distances, only loyalty to local variants
refmained as a defense against homogenization. Under these circum-
stances, American English did not develop its own strongly individuated
dialects, but only weakly differentiated "regionalisms.” 22 On a maore
global level, the intensified speed of communications meant that British,
American, and Commaonwealth English (at least in their standard ver-
sions) would Trom now on tend ko converge rather than diverge. In a
sense, steam bransformed English into a single “norm pool™ mech as it
helped microorganisms form a single disease pool. Alongside this long-
term process, however, there were shorter-berm processes that reinjectad
heterogensity into the different pocls of linguistic replicatars, taking
advantage of the one barrier that had not colfapsed under the weight of
industrialization: emetional attachment to variants that served as local
identity badges,

In the United States there were differant versions of this emaotional
attachment, ranging from the nationalism of Noah Webster, who batween
1783 and 1828 published grammars and spellers and the local equivalent
of Br, Jahnson's authoritative dictionary, to the emergence of black ver-
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nacular English, perbaps through crealization of a plantation pidgin. To
this already cormplex mizture of replicators, the nineteenth century would
add yet another element, which had both homogenizing and heterogeniz-
ing effects: the first mass mediom, the large-circulation nawspapsr,

Although the one-penny newspaper was born in England in 1816, the
tendency of the British government bo contral the press through taxes
made it hard for this new medium to spread in London as fast as it did in
Mew York City, where numerows cheap newspapers began (o appear in
thie 18305, (Freedom of the press, a principle first codified in: the United
States Constitution, was partly & responsge to efforts by the Britizh colo-
nial administraticn to tax prerevolutionary Amercan newspapers, 2= |n
GRE-Penny papers such as the New York Sun (1833) or the New Yark Har-
ald (1835}, "crime and scandal” pournalism first found expression, Given
the popular appeal of these themes and of the perscnalized, sensational-
istic style of presentation, thase papers ware the first to bring massifics-
tion of opinion and commercial advertising together. The principle of
freedam of the press was conesived to encourage an older type of news-
paper, serving as “the means of communication between the government
and important groups in society, o betwaen members of the same groups
challenging for palitical power, "2 and vet in the end it was the commer-
cial type that came to prevail. {Hence, the principle did not fead to a "frea
marketplace” of ideas, but to a generel contraction of opindion,)

The vary idea of massified advertising meant that large-circulation
nawspapers wera not in the business of selling information to pecple, but
rather of selling the attention of their readers to commercial congerns, |
have aiready mentionsd several WaEYS 0 which language wias used in the
ningteerith century to tap into the resarvoir of rescurces constituted by
the growing urban populations in order to mabilize them foar political pars
Hcipation or milltary service, Mass advertising added vet ancther way
of exploiting this raservoin by mobilizing their attention. At first, both
markets and antimarkets usad this new resource, but our experience in
the twentieth century clearly indicates that Dhg Buginess was soon to be
the main benediciary of this novel way to tap populational resarvoirs.

The new mass madium itself would socn join the ranks of the anti-
market, Indeed the oniy clear tendency that one can discern in its two-
huncred-year history is precisely a tendency toward incréased concen-
tration of ownership and increazed scale of procuction (both of which
threaten the freedorm of the press) S These tendencies weare already dis-
cernible in the nineteenth century, On one hand, the production of large-
circulation papers depended-on access to expensive technology, such
a5 the rotary press (capable of printing twenty thousand papers in one
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haurd, new paper-production technigues {(wood pulp replaced rags as the
principal raw material by the 1880s), and even page composition via key-
boards (the Linotype of the 1890s). This meant that as a business, nows-
paper publishing becams heavily capitalized, which acted as an entry
barrier for new entreprensurs, Also, the first casualties of ciroulation
wars, such as the one fought by Pulitzer and Hearst in the 1890s, were
often small newspapers,

Furthermore, some segments of the industry began o sngage avertly
in anticompetitive practices, such as the formation of a cartel by siz MNew
York papers, which resulted in the formation of the Associabed Press in
the L2E0s, & news agency that monopolized access to bwo of the largest
Eurapean news agencies, the French Haves and the British Reuters.
These two agencies in turn kad signed an agreemeant in 1859 (fogsther
with the Garman news agency 'Walff) to carve up the world into spheres
of influence, with each agency having a virtual monepoly to sell interna-
tional mews services to these captive markets, Keuters got the Britizh
Empire plus China and Japan. Havas acquired control over the French
ernpire and Spain, Italy, and Latin Americs, while Walff monopolized
access to Germany, Russia, and Scandinavia,'?7 Although the profits that
these agencies generated were nevar great {as compared with other anti-
rrarket institutions at the time), the agencies nevertheless accumulated
a great deal of povwer, which they exercised, for example, by protecting
their turf from the numerous national news agancies that were davelop-
ing at the time,

The cverall effect of mass newspapers and News agencies was homog-
gnizing. Mewspapers aimed their presentation to the lowest common
dencminator, while news agencles attempted to create a product that
would be acceptable to all their subscribers (e, newspapers with vastly
different editorial policies), which meant that rather than aiming for
obpectivity they aimed for widely acceptable neutrality. “The agencies
assurme that a uniform editorial approach is not only possible but also
desirable. A government crisis is covered in the same way whether it hap-
pens In Migerla or Hollard, Similar standards are applied whether the
story is being sent to Pakistan or Argentina, & single, objectively verifi-
able account of each event [which in most cases means quating a reliakle
aoffictal source] s the bedrock of agency reporting.' 122 It is this homoge-
nization of point of view, amplified by the news agencies” global reach,
that is the real problem with the agencies today, not seme overt conspir-
acy to diffuse “capitalist Idealogy” through the Third World. In linguistic
terms, by spreading standard English and French {and, to a lesser
degres. Garman, Spanish, and &rabic), news agancies also intensified the
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replicative power of the norms thal make up those languages. Today, for
exampie, the inguistic flow from the Associated Press is about seventeen
mitlion words a day, mast in English but seme in Spanish, Beuters emits
six milllon words a day, the majoerity in English but some in French and
Arabic, while Agence France Prasse (the successor of Havash puts out
about thres million French words a day, =9

0 the ather hand, large circulation newspapears (as well as adwartising
agencies and to a lesser extent the “telegraphic style of the news agen-
cies) alsa injected heterogenaity into the standard languages. This is enly
an apparent paradox, since the standards that the popular press tend to
“subvert" have always been upper-class dialects, and, in thelr search for
widened appeal, newspapers tend to use words and syntax that are not
nixcessarily accopted as correct by that class. "Large-circulation journal-
izm provided the means not only of rengwing the language bul alzo of
sangtioning its colloguial usage and of elevating the spoken standard to
the written, Journalists . .. keep close to the accents of the human vaices
and an oral tradition constantly informs their writing.” 13 The dvnamics of
this heterogenization revolve around the fact that even the standard lan-
guage has diffarent ragisters {the formal, the colloguial, the technical),
and when they meet “internal contact situatwons” arse. The collogquial
register of the standard, forinstance, is in clese contact with nonstandard
segments of languagse, such as slangs and jargons. Due to these “con-
tact surfaces,” linguistic materials elaborated as slang can flow upward
Ehrgugh the indormal register into the fermal. One linguist pradicts, for
gxample, that as a result of tha mass media “slang will rapidly rise to the
level of the collequial and the colloguial te the level of the standard, As a
consequence of the spesd-up of acceplability . .. & modern cavalier atti-
tude towards new word formations, syntactical idioms, and specialist jar-
gons will also infensify' 2

Hera we shoulkd brng the separate lines of our argument together.
Colonialism, on one hand, and technology, on the other, greatly intensi-
fied the replicative power of the standard norms, Many regions that had
formerly housed their own complex mixtures of linguistic materials were
now homogenized te a cartain sxtant by the invasion of powerful stan-
dard replicators. For the same reason, however, the standard replicators
came into contact with others that, despite their low prestige, were capa-
be of injecting them with a degree of heterogeneity. Whether the contact
situations were external ar internal, the effect was the same: a portion
of the frozen standard was sel into variation again. Further kinds of con-
tact would soon appear as nineteenth-century technology began to affact
the social structure of Europe. In particular, the growth of industrial
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conurbations in England (and elsewhera) and the migratory movernents
from the rural areas that provided ceal-driven towns with workers created
novel mixtures of dialects as well a5 a new social stratum: the industrial
proletarial, The limited social maobility of these workers and their need to
develop a local identity inevitably atfected their transmission of linguistic
norms, creating new varieties of spokan English.

In the last decades of the nineteenth century, these industrial masses
came to be seen as & dangerous class, the barbarians at the gate, “crea-
tures with strange antics and manners [whao] drifted through the streets
hoarsely chaering, breaking into fatuous irritabing laughter, singing quaint
militant songs. "3 The language of these “barbarians”™ was perceived by
standard speakers as a nenlanguage, noisy and disarticulated, with a
superabundance of negatives ang a simplified grammar and vocabulary.
{in short, the same traits that could be used to identify any creale arcund
the world, ) Yel, these same masses would come to be perceived as poten-
tial allies (and would eventually be granted the right to vote) when Warld
War | transformed the new conurbations {as well as the clder urban cen-
ters) into reservoirs of recruits to be conscripted,

Twio education acts (one in 1370, the other in 1918) made schoofing in
the standard obligatory {and were correctly perceived by defenders of
tacal dialects as an exterminating force, along with the press, railroads,
tourism, and later radio). Both acts were institutional responses to the
need to assimilate the masses into society, to make them “articulate,” so
they might better participate in democratic institutions and understand
the language of command in the armed forees, The disciplinary mea-
sures envisaged by reformers included systematic training in standard
sounds (leading to uniform pronunciation), lexical training (to secure
clarity and correctness), and training In reading aloud (i secure proper
inkonation). Slang and jargon were viewed as dangerous, a “means of
concealing secrets or as intenticnally undignified substitutes, " 255 How-
ever, the effect of compulsory education was not 10 erase linguistic class
differancas: rather than learming the “classless™ standard as their exclu-
sive new language, students of working-class background simply learned
to switch codes; that is, they learmed ta deploy the standard in certain
situations, while switching back to their native variety in their own homes
and neighborhoods, 135

Thus, universal schoofing, colonialism, and early mass media, while
extending the reach of the standard, also brought it into contact with
other languages, codes, or registers, ensuring that it would be reinjected
with heterogeneous elements and set into variation again. Given that non-
standard spaakers show a greater creativity in the coining of new words
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and syntactical constructions, the contact betwean standard and non-
standard speakers prevented standard languages from becoming “dead
tongues,™ like written Latin, and connected them to fresh reservairs of
linguistic resources. However, the mere fact that a variety of linguistic
raplicators existed did not mean that the existing selection préssures
would allow these acvel variants to reanter the standard. |noparticular,
stigmatization by speakers of the prestigious standard {2nd by the insti-
tutions they controlled) often kept even badly needed repairs from be:ng
galacted in:

Social influences on grammatical form may lead to situations similar o
those arlsing from taboo in fexis . [with the difference that] the farms

are rejected anly in the standard language, and less in dialocts, Since the
standard language is thus automatically cut off from (ts normal sources of
replenishmant, its grammatical system may be beft incompleta. The Dest-
known example is the pronoun of the secand person: the familiar and lass
polite form thou was replaced by the originally plurat pou, and the gram-
matical system has, aver since, lacked the means of distinguishing singular
and pleral in the second persan, The reasen for this is not the lack of slot-
fillers, since new forms like vouse, yousa ‘wns, you ail, y'all have arisen o
complete the system in dialect. But these forms are rejected as vulgar, and
in polite English the lack has therefore to be remedied by various lexical
maans according to context and register, v.g, you paaple, my friands, yoo
chaps, those prasant, ™

Despite these shortcomings, it is obvious that the standardization of
a language doas offer “economies of scale,” One economist argues, for
sxarmple, that in an institutional setting bilingualism and its need for
translation can be highly inefficiant, invalving duplication of personnel
and printed material. This s particularly true of countries with & COrmple
division of labor (with its multiplication of technical registers) and a high
degree of industrialization.'* Standardization allows a2 more efficient
accumulation of technical vecabulary and a faster dissemination of new
lexical iterns across the econamy. Politically, a standard language also
offers an efficient medium for the unification of a country and the tap-
ping of its human resources, As the sociologist of language Joshua Fish-
rran puts It, & standard language offers nation builders the promise of
rapid integrative returns on a large scaie 137 1t is because of these econo-
mies of scale that linguistic standardization becamae a central lssue
amang nations late in achieving political unification, whether in the nine-
tesnth century (e.g.. taly and Germany) or in the teentieth, when the
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colonial world broke down and the search for national unification became
intarnational.

Fishran distingulshes several roads o natienhood. On one hand, thare
15 the raad that France, England, and Spain fellowed, which he calls the
“Slate-to-Mation” strategy. ! This is the strategy followed by berritories
where a number of centralized {and centralizing) institutions happened to
accumulate over the canturies (a roval house, centralized government tra-
ditions, educational systems, certain commercial and industrial patterns,
a strang urban capital to syathesize centuries of shared experiences inta
# “grand tradition™). These are the countries that called themselves “hig.
toric nations,"” a claim to legitimacy used to justify the digestion of their
mingerities: Welsh, Scots, and Irish in England; Bretons, Mormans, Gascons,
and Oceitans in France; Galicians, Catalans, and Basques in Spain. On
tha other hand, there are those territories that accumulated institutions,
but in a decentralized pattern (italy and Germany, and also Greace,
Hungary, and Poland). These countries followed what Fishiman calls the
"Mation-to-5tate” strategy. Here, rather than a shared institutional past,
ethnic unigueness and coherence was emphasized as & form of legitima-
tigr, The peaple of thesa territories already thought of themselves as a
nation [ethnically} in the process of bujlding centralized institutions.

White those who fallowed the first read tended to emphasize logic and
rationality as their criteria for linguistic standardization, those wha fol-
lowed the second route spoke of “actual usage™ and "authenticity” as the
only legitimate measuring rod for a national linguistic standard. 3% With
the corming of the twentieth century nation building ceased to be a Wast-
arn phenomencn and became the goal of every colony that had achieved
its independence, of territoral entities that had never been calanized
(&g, Turkey after World War [0, and aven of those minorities within a
state whom centralization had not managed to suppress (rish, Bretons).
In all cazes, the “question of language” played a crucial role, and local
lenguwages (Turkish), lingua francas (Swahill, Malay}), and even pidgins
(Mew Guinea Fidgin, now known as nes-Melanesian) became targets for
linguistic enginearing and standardization.

According to Fishman, which mixture of strategies prevailed depended
an whiether the new countries had a single unifying tradition to use for
the legitimation of their elite's projects or whether they had several or no
traditions o rely on, Those whe could appeal to a single grand tradition
{Turkey, Israel, Thailand, Somalia, Ethiopia)*® emphasized authenticity;
those with no traditicn (the Philippines, indonesia, Tanzania, Cameroon), !4
rationality and instrumentality; while those with several competing tradi:
tiens (India, Malaysia), some compromise bebween the two 2 In all these
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cases, the process of standardization {first, “codification,” ar the mini-
mization of variatian, then “slaboration,” the diversification of the institu-
tional uses of the standard), whick had taken centuries to achieve in
England and France, was comprassed into & few decades, 143

Regardiess of their different situations, these countries faced & similar
challenge as they engaged in natien bullding: how to transform their pop-
ulaticns inte @ reservoir that could be tapped for political, military, and
economic mabilizatian, In the process of integrating their masses nto a
unified nation, they needed the “econamies of scale™ offered by standard
languages, They also neaded to catch up with the West as far gs enrich-
ing their vocabularies to confront the complexities of new technologies
and organizational strategies (especially ir the military, but also in corpo-
rations), and this they could de either by borrowing words (as English did
centuries earlier, when it was a miner language) or by devaloping the
indigenous word-forming resources of their own standards.

While the old colonles were trying to achieve the same efficiensies of
standardization as their excolonial masters, the languages of the two
“linguistic superpowers” (French and English) were competing to becoma
the first global superstandard. Bafore World War |1, French was without
question the international standard, having already become the language
of many elites around the workd and hence the most prestigious mediurm
for diplomatic and cultural communication. Although certain sethacks in
the late nineteenth century had diminished French prestige {such as the
defeat to Prussie in 1870-13871%, France had agaln emerged after Warld
War | a5 the cultural center of the world, Becauses of its leng-standing lin-
guistic preeminence, France ad not felt the need to create special inst-
tiutians to disseminate its standard around the world, with the possible
exception of the Alliance Frangaise, which was estabdished in the 1890s.
Yet, after their armies were shatbered by the Nazis and thair counbry was
isolated from the outside world for several years, Franch speakers
amarged in 1945 to confront & diffarent linguistic situation: English was

now the language of science and technology, and it was beginning to chal-

jenge French as the chosen language of the world's elites. {Russian, teg,
began to replace French among the Eastern Eurepean elites whao had
baen pulled into the Soviet sphere of influenca. )

France's loss of its farmer colonies (Lebanon and Syria by 1946, Ind-
ching by 1954, Tunisia and Morocco by 1956, Algeria by 1962) was an
added blow to the global prestige of its language, although English was
also suffering similar setbacks around the world. Americanisms, which
had begun to infiltrate Eritish English after World War |, were now invad-
ing France at what seemed to the French an alarming rate. "Areas of
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greatest infection were sports, the world of beauty parlors (magazines
such as Eife), toy stores and dancing. ™% French grammar itself was being
penetrated: k and y entered some spallings, the form of the plural became
somewhat inconsistent, and affives such as “-rama,” “super-," and "autc-
" enjoyed great diffusion among the French population of replicating
norms. By the early 1950%, over 20 percent of all bocks were published in
English {less than 10 percent in French), and 50 percent of the world's
newspapers and B0 percent of the world's broadceasts were in Engligh, 148

In response to these circumstances, when Charles de Gaulle returned
to power, "France began to embark upon a positive and aggressive policy
in regard 1o the radiation of French."7 In 1966 a public organization
was formed specifically to promete the diffusion of French (Haut Comité
pour la Defense de la Langue Frangaise), a year after Lyndon Johnsan
inaugurated an official campaign to teach American English abroad. Doc-
uments from these years articulate the official stance toward linguistic
radiation in the same terms in which the French language had been
wiewed since Louis XIV: a language embodying “eternal values” (such as
clarity and lack of ambiguity) and "universality” (referring to a human
condition beyond time and space), Hence, imposing French on other
peoples was not a form of linguistic imperiatism but part of the civilizing
misston of France, a liberation of those peaples from their backward
provincialism. 5 Of course, given that French is & hybrid (of Mediterran-
san and Germanic materials) and that the Parisian dialect won its place
through pewer, this legltimizing narrative was a fabrication by the elites.
Meverthaless, the policy paid off: in 1967, thanks to the votas of France's
tormer African colonias, French was accepted on the same level as
English in the United Mations. (In 1945, to the great embarrassment and
shack of French speakers, their language had been acknowledged by the
U.N. as one among many, by a margin of anly ane vate, )18

We have already discussed the different colonialist attitudes toward
local languages, and noted that the French generally assumed a more
aggressive stance than the British or Germans. Robert Phillipsan’s analy-
sis of linguistic imperiallsm accepts this to be true in the case of Africa
but warns against oversimplifying the question. (For exarnple, if one com-
pares French Indochina to British India, the roles seemed to be reversed,
with the French displaying more tolerance of Indigencus langu ages than
the British,}'*% Phillipson also argues that, even though the two linguistic
superpowers have ceased to dominate their former colonies palitically,
they still have homogenizing effects on their cultures through the educa-
tional syatems both superpowers are spreading throughout the develop-
ing nations with funds from thair governments. "Just as schaols were the
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principal instrumant for allenating indiganous minarities from their fan-
guages and fraditional cultures (as in the case of the Welsh, the American
native peoples, and the Austrafian Aborigines), it is schocls in Africa
which are stifling local languages and imposing alien tongues and val-
ues."t3 Although Phillipson admits that, unlike French, ne “master plan”
for the spread of English was ever articulated in British or American insti-
tutions, the growth of English teaching as a profession, “monclingual and
anglocentric, and [tending] to ignore the wider context of its operations,”
produced hemogenizing effects in which English tended to replace ar dis-
place other languages, 152

In addition to the educational push, big business fostered the spread
of English and French, bolstering their status as international standards,
I have already mentioned the international news agencies, the "big four”
whaolesalers of linguistic materials: Reuters, AP, UPL, and the French AFE
(Thesa corporations also manage large flows of images, but textual news
continues to be thelr core business.) To grasp the intensity of the linguis-
tic flow they handle one need only learn that a subscribaer to all four news
services would receive on avérage 300,000 words a day. And technaology
is further intensifving this flow: while the old Teletype delivered 50 words
per minube, today's computers and satellites alfow 1,200 words per minute
to cross continents in a format that can be fed directly into a newspaper's
computerized typesether, 5

Since the nineteenth century, news agencies have divided the world
among themselves: at present, francophone Africa belongs to AFP; anglo-
phane Africa to Reuters; Latin Amarica to AP and UP|. Elsewhere they
engage in fierce rivalry, but of course this s oligopolistic competition, not
réal market competition. The news agencies have come to embady a trie
antimarket structure, that is, one dominated by managerial hierarchies
and noet by ownars or their representatives. = Although they are not
engaged in a conspiracy to promote “capitalist values™ around the warkd,
they do have a strong homogenizing effect, arising from the reutinization
and standardization of point of view (with the concomitant distorting sim-
plification) and, ultimately, from the very form of the flow, that is, & flow
emanating from very few places to a large number of subscribers, This
type of flow (a “one-to-many™ flow) guarantees that there will be a small
number of preducers of this type of “linguistic product” and a large num-
ber of consumers. The one-to-many structure of news dallvery was even-
tually built directly into the technological infrastructure used to manage
the flow. In the 1950s, for example, Reuters® financial services division
began to build its own (Teletype-based) communications network for the
delivery of its product (commadity and stock market news). By 1963, the
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International Financial Printer began operations, but the real takeoff did
oot oocur until the slow, bulky, 2nd nolsy teleprinters were replaced by
video terminals in the 1970s, {By 1982, Reubers alone had over bhirty
thousand terminals in eighty-one countries. )t

However, by the time this one-to-many network matured, other net-
wirks began offaring the possibility of a radically differant paradigm: the
many-to-many delivery system made possible by the Internet, the largely
self-organized internaticnal meshwork of computers which formed over
the past two decades. Although the Internet {or rather its precursor, the
Arpanet) was of military origin (and its decentralized design a way to

raake il resistant to nuclear attack), the growth of its mamye-ta-many struc-

ture was not something commanded into existence fromn above but an
appropriation of an idea whaose moamentum sprang from a decentralized,
largely prassroots movernent, Howard Rheingeld, in his histery of the
Internat, has brought to light the way in which gecgraphically dispersed
communities emerged as compulerized communications, eriginally
intended for technical {scientific or military) communication, ware brans-
formed into a medium supporting a variety of different forms of conversa-
tion. One example s the so-called Usenel, a discussion system originally
desigred for echnical support but quickly adapted by its users for many
other purposes:

Usenet is a place for conversation or publication, like a giant coffeehouse
with a thousand rooms; It (s also 8 worldwide degital version of the
Speaker’s Corner in London's Hyde Park, an unedited collgction of letbers
ko the editor, & fleating flea market, a buge vanity publishar, and a coali-
tion of every odd special-interest group in the world, 1t s 2 mass medium
because any piece of information put sote the MNet has a potential world-
witle reach of millions, But it differs from conventional mass media in
savaral respacts, Every individual who has the abliity to read a Usenet post-
img has the ability to reply or 1o creale a new posting. In television, news-
papers, magazines, films, and radio, a small nember of people have the
powar to datermine which information should ba made avatlable to the
rnass audiense. n Usanel, evary membear of the audisnce is also poten-
Liglly & publisher, Stedents at universities in Taiwan who had Usenet access
and telaphons links to relatives in China became a network of correspon-
dants during the 1939 Tiananmean Sguare incdent, , ,, Usenset is an enor-
rmous voluntesr affort. The people wha created it did so voluntarily and put
ki software in the public domain, The growing megabyies of content are
cantributed by volunteers, 15

252

LINGEUIETIC MISTORY: IFO0=2000 A.0.

The maim effect of the Internet’s many-to-many structure, in terms of
the fate of linguistic replicators, may be its potential for a demassification
of the population, that is, its potential to create small, geographically
diverse communities linked by commaon interests and informal conversa-
tions. Had the traffic in computer networks been dominated by the
exchange of military or scientific information, we would expect 1o 582 &
much higher degree of farmality in the norms circulating through com-
puters. But because the aetwork was transformed into a conversational
rmedium by its own users {not only English speakers but French speakers
too, who trensformed a one-to-many data delivery service, Minitel, into a
many-to-many chat syskerm!®*@), we may speculate that the colloguial regis-
bar will be strengthened by the new madium, and this despite the fact
that the Internet transports mostly written text (For instance, on one
real-time chiat system, the IRC, correcting misspellings as one writes is
considered bad form; hence the enforcement of standard spelling, and
even gramimar, is weak or nanaxistent.)

While the vast amounts of linguistic replicators that circulate through
the Internet are therefore bound to be colloquial English, they are never-
theless English, which raises a number of guestions. On-one hand, there
i5 nathing surprising about this since English long ago {since at least
World War 1) became the international ingua franca of high technalogy.
As one author puls it, "When a Russian pilob seeks to land at an air field
irn Athens, Cairg or Mew Delhi, he talks to the control tower in English, ™58
Similarly, for reascns having very little to do with s linguistic properties,
English became the language of cormputers, both in the sense that for-
mal computar languagaes that use standard words as mnemonic devices
{such as Pascal or Fortran) use English a5 a source and in the sense that
technical discussions about computers tend ko be conducted in English
(again, nok surprisingly, since Britain and the Unitad States playved key
roles in the development of the tachnelogy). On the other hand, counter-
ing the linguistic homogenization that this implies, due to its role as a lin-
gua franca, English is baing changed and adapted by foreign users in
many differant ways, particularly when it is taken as a source of loan
words, The Japanese are famous for the way they miniaturize what they
borraw Tram English: “modern girl" becomes "moga,” "word processor”
iz shorbened to "wa-pro," and “mass communications” o “masu-Eomi, ' =

The international communities that today flourish on the internet may
one day create ancther English, one where Japanese miniaturizations
are welcomed (and =0 averyanse engages in masu-foming instead of mass:
cormmunicating), where pride of the standard 15 seen a3 a foreign emo-
tion, where a continuum of nec-Englishes flourishes, protected from the
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hierarchical weight of “received pronunciations” and official eriteria of
correctness. This would, of coursa, depend on how many other countries
embrace the Internet 85 & means to build nonnational {and nonnational-
istic) communities. = But it will alse depend on what kind of infernational-
fzmr becomes predominant on the Internet itself. &s we abserved in the
first chapter, as antimarket institutions became international thay
faunched an attack on national governments, The central state, a chee-
ished partner of antimarkets for so long, suddenly became a rival and

an obstacte ta international expansion. Although antimarket Institutions
had an early presance in the computer meshwork, today Lhey are et

ta invide the Internet with unprecedented force. ™ 1t is possible that

the meshworks that have already accumulated within the Internet will
prove resilient anocugh to survive the attack and continue to flourish, 11 is
also poasible In the next decades that hierarchizs will instead accurmu-
late, perhaps even changing the network back Into a one-te-many system
of information defivary. The cutcome of this struggle has certainky nol
been settled,

Perhaps the most important lesson to be learnad from the internet
experience may be that the possibilities of demassification which il has
opened up have, in a sense, very little to do with fuburistic technology.
Although many see this computer meshwork principally as a valuable
reserveir of information, its main contribution may one day be Seen 2% 4
catalyst for the formation of communities {and hence as a reservoir of
emational, technical, and other types of suppart). Since communities
bound by common interests existed long before computers, it is not as i
we have now entered the next stage in the evolution of society {the "infor-
mmation age™). Rather, computer meshwerks have created a bridge to a
stable state of social life which existed before massification and continues
to coexist alongside it. The effects of one-te-many mass madia made this
adjacent stable state hargd to reach, but they did not leave it behind as a
“primitive” form of organization. Humanity Bas never been moving “verti-
cally” up a ladder of progress, but simply exploring “horizontally'” a space
of possibiiities prestructured by stable states.

Mo doubt, the diftferent dynamical processes thal have shaped human
histary are changing this space as we move, naw stable states appearing
while agthers disappear or lose stability, The stable state defining a com-
munity of mutually supporting members obvicusly had not disappeared,
rathar we had drifted away from it, and computer networks may now
bridge that gap. On the ather hand, if the value of computer networks is
thls (nonfuturistic) catalytic role, their future woarth will depend entirely
ar the qualify of the communities that develop within tham. Moraower,
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these cornmunal meshworks will embrace people with diverse political
inclinations (including fascistic communities), sc that the meara existence
of “virtual communities” will net guarantee social change In the direction
of a fairer, less oppressive sociely, To paraphrase Deleuze and Guattari,
nevar believe that a meshwork will suffice to save g, 5
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Conclusion and
Speculations

In terms of the nonlinear
dynamics of our planet, the
thin rocky crust on which

we live and which we call our
land and home is perhaps
the earth’s least important
component. The crust is, in-
deed, a mere hardening within
the greater system of under-
ground lava flows which, orga-
nizing themselves into large
“conveyor belts” (convective
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cells), are the main factor in the genesis of
the most salient and apparently durable
structures of the crusty surface. Either
directly, via volcanic activity, or indirectly, by
forcing continental plates to collide, thereby
creating the great folded mountain ranges, it
is the self-organized activity of lava flows that
is at the origin of many geological forms. If
we consider that the oceanic crust on which
the continents are embedded is constantly
being created and destroved (by solidification
and remelting) and that even continental
crust is under constant erosion so that its
materials are recycled into the ocean, the
rocks and mountains that define the most
stable and durable traits of our reality would
merely represent a local slowing down of this
flowing reality. It is almost as if every part

of the mineral world could be defined simply
by specifying its chemical composition and
its speed of flow: very slow for rocks, faster
for lava.

Similarly, our individual bodies and minds
are mere coagulations or decelerations in the
flows of biomass, genes, memes, and norms.
Here, too, we might be defined both by the
rmaterials we are temporarily binding or chain-
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ing to our organic bodies and cultural minds
and by the timescale of the binding opera-
tion. Over the millennia, it is the flow of bio-
mass through food webs, as well as the flow
of genes through generations, that matters,
not the bodies and species that emerge from
these flows. Our languages may also be seen
over time as momentary slowing downs or
thickenings in a flow of norms that gives rise
to a multitude of different structures. And a
similar point applies to our institutions, which
may also be considered transitory hardenings
in the flows of money, routines, and prestige,
and, if they have acquired a permanent build-
ing to house them, in the mineral flows from
which the construction materials derive.

This book has concerned itself with a his-
torical survey of these flows of “stuff,” as well
as with the hardenings themselves, since
once they emerge they react back on the
flows to constrain them in a variety of ways.
Although this simple statement captures the
gist of the book, it must be qualified in sev-
eral ways. On one hand, the flows of materi-
als whose history we described involved more
than just matter-energy. They also included
infarmation, understood not in static terms
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as mere physical patterns {measured In bits) but in dynamic terms, as
patterns capable of sef-replicalion and catalysis. That is, we have con-
sidered not only genes, memes, and norms, but alsa the “phenctyplc”
effects of these repllcators, their ability to trigger intensifications or
diminutions in the flows of matter-energy and their ability to switch from
one stable ztate to another the structures that emerge out of these flows,
On the other hand, among these structures we distinguished coagulations
that have undergone a process of homagenization, which we called hisrar
chigs (or more generally, strata), from those wherein heterogeneous com-
ponents were articulated as such, which we refarred to as meshworks {or
mere generaily, self-consistent ageregatas).

Wa repeatedly saw that hierarchies and meshwarks ocour mastly in mix-
tures, so it s convenignt b have a label to refer to these changing com-
binations. If the hierarchical components of the mix dominate over the
meashwork components, we may speak of a highly strafified structure,
while the opposite combination will be referred o as having a low degree
of stratification. Morecver, simnce meshworks give rise to hlerarchies amd
higrarchies to meshworks, we may speak of a given mixture as underge-
ing processes of destratificaltion as well as restratification, as its propor-
tons of homogeneous and heterogenecus components change. Finally,
since what truly defines the real world (accarding to this way of viewing
things) are neither uniform strata nor variable meshworks but the
urformed and unstroctured flows from which these two derive, It will alsa
be useful to have a label to refer to this special state of matter-anergy
information, to this flowing reality animated from within by self-organizing
processes constituting a veritable nomorganic ife: the Body withaut
Organs (BwO). As Gilles Deleuze and Félix Guattari write:

The: grganism is not at all the body, the BwO: rather it is a stratum on the
EwD, in other words, a phengmenan of accumulation, coagulation, and
sedimeantation that, in arder to extract usedul labor from the Bw(, Imposes
upin it forms, functions, bonds, dominant and hierarchized organizations,
organized transcendences..., [Tihe BwD is that glacial reality where the
alluvions, sedimentations, coagulations, foldings, and recoilings that com-
posde an organism—and also a signification and a subjest — oecwr,!

The label itself iz, of course, immaterial and insignificant. We could as
well refer to this cauldron of nonorganic life by a different name. (Else-
where, for instance, we called it the “machinic phvium, " 3® Unlike the
name, however, the referent of the label is of extreme importance, since
the flows of lava, blomass, genes, memes, norms, money (and other
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“etuff™) are the source of just about every stable structure thal we cher-
ish and value for, on the contrary, that oppresses or enslaves us). We
could define the Bw in tertms of these unformed, destratitied flows, as
lang a5 we keep in mind that what counts as destratified at any given
time and in-any given space is entirely relativa. The flow of genes and
biomass are “unfarmed” i we compare them to any individual organism,
fut the flows themselves have internal forms and functions. Indeed, if
instead of taking & planetary perspective we adopted a cosmic viewpoint,
our entire planet would itself be a mere provisional hardening in the
vasl flews of plasma which permeate the universe,

Plasmas, clouds of electrified elementary particlas that have lost
even their atomic forms, are (as far as we know) the state of matter-
energy with the lzast amount of internal structure, and vat thay are
capable of supporting @ variety of self-organizing processes, Hawever,
rather than identifying the Bwd with the plasma that fills our universe,
wi should think of it as a limit of 3 given process of dastratification: plas-
mas may indeed be such a limit when we think of mineral structures,
but not if we think of genetic materials. The more or fess free and
unfarmed flow of genes through microorganisms may be a better illus-
tration of what the BwQ of a flow of replicators may be, On the other
hand, an egg (and all the self-organizing processas that animate its cyto-
plasm) 5 a good image of a Bw in the flow of biomass: an unformed
body of energetic and mineral materials having the potential to give rise
to & variety of argans once it Is fertilized and begins developlng into
an embryo.®

It would, of course, be possible to frame my concluding remarks with-
put using these terms, and throughout this book | have attempted to
carry on my argumant with a minimem of strange-sounding jargen,
There are, however, two advantages to introducing these terms at this
point. First, thay allow for & more compact description: any structure
that matters s far as human history is concernad may be defined by its
degree of stratification, and changes in compaosition betwean comrmanc
and market companents may be defined as movernents of destratifi-
cation and restratification, Second, having established the plausibllity of
this philosophical stance through an analysis that never strayed far from
historical realities, this compact sat of terms will allow me to conclude
this discussion in a more speculative vein while keeping it trom drifting
away from the ideas we have already explored.

Hurman history hes invelved a variety of Bodies without Crgans. First,
the sun, that giant sphere of plasme whose intense flow of energy drives
most processes of self-orgamzation on our planet and, in the farmn of
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grain and tossil fuel, of cur civilizations. Second, the lava “conveyor belts"

that drive plate tectenics and are responsible for the most general geo-
political features of our planet, such as the breakdown of Pangaea nto
our current continents, and the subsequent distribution of damesticabla
spacies, a distribution that benefitted Eurasia over Armerica, Africa, and
Oceania® Third, the BwD constituted by the coupied dynamics of the

hydrosphere and atmosphere and their wild variety of self-organized anti-

ties: hurricanes, tsumamis, pressure blocks, oyvelones, and wind cirouits.
Az we 2w, the conguest of the wind circuits of the Atlantic (the trade
winds and the westarlies) allowed the transformaticn of the American
continent inte & vast supply zone to fuel the growth of the European
urban economy, Fourth, the genetic Bwd constituted by the more or less
free flow of genes through micrsorganismes {via plasmids and other vec-
tors), which, unlike the morae stratified genetic flow in animals and plants,
has avoided human control even after the development of antibiotics.
Fifth, these portions of the flow of solar energy through ecosystems
(flesh circulating in natural food webs) which have escaped urbanization,
particularly animal and vegetable weeads, or rhizomes (the Bw formed
by an underground rodent eity, for example).® Finally, our languages also
formed a Bwd when they formed dialect continua and circumstances
conspired to remove any stratifying pressure, as when the Morman
inwvaders of England imposed French as the language of the elites, allow-
ing the peasant masses to create the English language out of an amar-
phous soup of Germanic norms with Scandinavian and Latin spices,
{Because all five of these Bw(s, uniike pure plasmas, retain forms and
furictions. they may be considered examples of a local BwD, that is, local
limits of a process of destratification, and not the Bw, taken as an
absolute limit. However, for simplicity, 1 will continue te refer 1o these
lirnit states in the singular,)

| have attempted here to describe Western history in the last one thou-
sand years a5 a series of processes occurring in the Bwi: pidginizations,
creclizations, and standardizations in the flow of norms; isolations, con-
tacts, and institutionalizations in the flow of memes; domestications, fer-
alizations, and hybridizations in the flow of genes; and intensifications,
accelerations, and decelerations in the flows of energy and materials,
Cities and their mineral excskeletons, their shortenad food chains, and
their dominant dialects are among the structures we saw emerge from
these nonlinear flows. Once in place, they reacted back on the flows,
gither to inhibit them or to further stimulate them. In ather words, cities
appearad not only &% structures operating at a certain degree of stratifi-
cation (with a certain mix of market and command components), but they
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themselves performed destratifications and restratifications on the ffows
that travarsed them. And a similar point applies to the populations of
institutions that inhabited thase urban centers as well as to their popula-
tinns of human minds and boedies.

The concept of the BwD was created inan-effort to conceive the gene-
sis of form (in geological, biclogical, and cultural structures) as related
gxclusively Lo immanent capabilities of the flows of matter-energy infor-
rnation and not to any transcendent factor, whether platonic or divine. To
explain this inherent morphogenetic potential without sneaking trans-
cendental essences through the back door, Deleuze and Guattari devel-
oped their theory of abstract machines, engineering diagrams defining
the structure-generating processaes that give rise to more or |ess perma-
nent forms but are ot unigue b thoese torms; that is, they do not rep-
resent (as an essence doeshthat which defines the identity of those
farms. Attractors are the simpiest type of abstract machine, operating at
the level of nonlinear, destratified flows. Attractors represent patterns of
stability and becoming that are inherent in abstract dynamical systems
and may be “incarnated"” in a variety of actual physical systems. For
example, one and the same periodic attractor may be instantiated by lava
or wind in a convection cell, the spontaneous rhythmical behavior of crys-
tal radios, periodic behavior in electronic circuits or chemical reactions,
and even the behavior of an economic syatemn during a business cycle,

& dymamical systemn whose behavior is governed by these endogencusly
generated stable states is further characterized by a certain number of
key parameters, At any ang moment in the system’s history it is the
degres of intensity of thase parameters (the degree of temperaturg, pres-
sure, volume, speed, density, and so on) that defines the attractors avail-
able to the system and, hence, the type of forms it may give rise to.
(That is, at critical values of these parameters, bifurcations occur which
abruptly change ene set of altractors into anather)

Similar considerations apply to the more complex abstract machines
that emerge from these simple ones, The two most general abstract dia-
grams that we examined were those behind the formation of strata and
self-consistent aggregates. The hierarchy-generating machine involved a
process of double articulation, that is, a sorting cperation that yields a
homogeneous distribution of elements and a consclidation aperation that
defines more or less permanent structural linkages between sorted mate-
rials. The meshwork-generating machine, on the other hand, articulates
divergent but partially overlapping components by their functional comple-
mentarities, using a variety of local intarcalary efements as well as endog-
encusly generated stable states. Then we discovered that, if and when
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the materials on which a sorting device operates acquire the ability to
replicate with variation, a new abstract machine emerges, in the form of a
blind probe head capable of exploring a space of possible forms. Finally,
with the creation of social networks capable of acting as enforcement
méchanisms for the transmission of norms, an abstract machine operat-
ing by means of combinatorial constraints was made possible, defining
the structure-generating process behind some linguistic structures.
These other abstract machines may also be viewed as aquipped with
"knobs,” controfling parametars whose intensity defines the dynarmical
state of the structure-generating process. For instance, we saw that in
Mary Douglas's theory of the genesis of discursive form {coherent world-
viaws} the intensity of allegiance to & group, as well as the intensity of
outside regulation to which the group must conform (that is, the valuas of
the group-and-grid parameters), defines the stable states to which a col-
lectivity of believers (and their beliefs) will be drawn, In Zellig Harris's
theory of language, on the other hand, the degree of variabllity of the
operator-argument constraint, as well as thae strength of esnstraints an
sequences of inscriptions, determines whether the sequences generated
will be of the logico-mathamatical, linguistic, ar musical type. Other kay
parameters arg those controlling the strength and thoroughness of the
sorfing process and the degres of consolidation or repreductive isalation
of the double-articulation machine; or the degres of connactivity that
datarmines when a mashwork becomes self-sustaining; or the rates of
mutation and recembination that define the speed of the probe head, as
well as the strength of the flow of biomass and of the coupling between
coevolving species — parameters that define the kind of space that the
probe head explores. Hence, using these abstract diagrams to reprasant
what goes en in the BwO is equivalent to using a system of representa-
tien in terms of infensitles, since it is ultimately the intensity of each para-
matar that determines the kind of dynamic involved and, hence, the
character of the structures that are generated. Indeed, one way of pictur-
ing the BwO is as the “glacial” state of matter-energy information result-
ing from turning all these knobs to zero, that is, to the absolute minimum

value of intensity, bringing any production of structured form fo a hait. As
Deleuze and Guattari write:

& BwiO is made in such a way that it can be aocuplad, populated only

by intensities. Only intensities pass and circulate. Still, the Bw is not &
soene, a placa, or even a support upen which something comes to

pass. ... It i3 mol space, nor is it in space; it is mattar that eceupies space
to @ given degree—to the degree corresponding to the intensities produced.
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It is monstratified, unformed, intense matter, the matrix of intensity, intan:
sity = 0. ... Production of the real as an intensive magnitude starting at
zarn,b

To wiew hurman history as unifolding immersed in this cauldran of
nanarganic ife s one way to efiminate notions of progress or unilinaal
development. Indeed, the three narratives | used lo approach the geolog-
ical, biclogical, and linguistic histories of tha Weset ware framed not in
terms of “man" and his manifest destiny, but in terms of stuff undergo-
img differant kinds of istensification. |0 those three narratives we used
the year 1000 as a degree zero of intensity for the West, while the power-
ful agricultural infensification that occurred before the turn of the first
mitlenniurm was seen as having jump-started the abstract machines and
begun the process of sbructure formation again. This intensification n
turn acted as a trigger for @ whole series of furthar intensifications:
of density of settlement and degree of mineralization; of the velocity and
guantity of money in circulation; of the accumulation of know-how and
formal knowledge, of the formation of urban hierarchies and the prodifer-
ation of links among marltine gateways; of the divergence of spoken
Latin varieties and the standardization of writing and spelling systems.
Later an, intensified colonialism and conguest, routinization and rationat
ization, money and knowledge acoumulation, and foseil-energy flow
resulted in the self-sustained intensification known as the Industrial Rav-
olution. In both periods, there were catalysts of different kinds {money,
techrotogy, know-how) effecting and sustaining the intensifications. &nd
in both periods, the very flows triggered by one catalyst became triggers
for yvet other flows, the whole assemblage of trigger flows acquiring auta-
catalytic dynamics. [Only in the second period, it was argued, did thase
trigger flows form & closed circuit of enough complexity to become a salf-
sustaining autocatalylis leop, )

Although both meshworks and higrarchies arose from the Tiest urban
intersification {1000-1300 a_p), the overall effect of the acceleration of
city building in Europe was destratifving. As Braudel cbserved, urban
centars. in the West ware veritable accelerators of historical time as well
as machines for the breaking of old bonds (such as those chaining peas-
ants to thelr fewdal lords). But here we must be careful in our evalua-
fions, since at all points Ehere were cosxisting histones maving at
different speeds or with different degrées of destratification: the rural
masses moved at one speed, the urban markets at a faster rhythen, while
commmersial and financial antimarkets achieved the greatest degree of
mohility. For example, the flows of money that markets used to mobilize
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the food surpluses produced In rural regions acquirsd new properties in
the hands of antimarket institutions, detaching themsalves from any par-
ticular flow of matter-energy and invading any economic BClivity whers
profits ware particularly intense,

Moreover, before the Industrial Revalution, the cutting edge af ant-
market development was represanted by the maritime gateways (Venice,
Genoa, Amsterdam) that were the most destratifiad =that is, the least
attached to the land for its agricuftural resources (they were all ecologi-
cally deprived)—as well as the least concerned with the gavernment and
contrgd of large territories. As Paul M. Hohanberg and Lynn Hollen Lees
note, these gateways had closer ties to overseas colonies and o ane
another than to the territories at thelr backs. On the other hand, when
the destratified financial flows that these gateways (and the regional capi-
tals closely associated with them) generated were investad in ENes or
protoindustrial activities, the structuras generated were extremaly strati-
fied and hierarchical, rivaling those of contemporaneous riilitary institu-
tiens {such as the arsenal of Venice) in their degree of central controd and
industrial discipline. Deleuze and Guattari, noticing this apparent para-
dox, write that it was “precisely because the bourgeoisie was a cutting
edge of deterritorialization, a veritable particle accelerator, that It alsa
perfarmed an everall reterritorialization,”” Although their explanation of
this paradox is rather complex, we can summarize it in a general hypoth-
esis: that the creation of novel hisrarchical strocturas through restratifica-
tion is performed by the most destratified elament of the previous phase.

We may agres with this important hypothesis as long as we do not view
the restratified result of the powerful destratification that mabila anti-
markels represented as a socletywida system (capitalism), but simply as
a new breed of arganizations {and institutional nofms) thet added them-
selves to the existing ecology of institutions, interacting with them and
the trigger flows under their control, Resisting the temptation to reducs
camplex institutional dynamics to a single factor (.., antimarket seo-
narmice) is even more impoartant when considering the great circuit of trig-
ger flows that formed the basis for the Industrial Bevelution, Mo doubt,
antimarkets played a key role in the co njunction of trigger flows fooal,
steam, cotion, iron, raw labor, skills) that made up the factory lowns and
the industrizl conurbations. But here, too, other destratified olemants,
other particle accelerators were necessa ry: the British government
destratifying its territory by abolishing tolls and tarifis and creating a
national market, and destratifying its taxation and fiseal system by creat-
ing the Bank of England and the very notion of national debt, In France,
the army was becoming the most destratified in Europe, leading not anly
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to Mapoleon’s fantastically mobile war machine but sirmultaneously to a
greatar rastratification: the conversion of warfare from the limited dynas.
tic duels of the eighteenth century to the “total war™ with which we are
tamiliar today, involving the complete mobilization of a country's
reseurces by a centralized governmental agency.

Moreowver, not only were there several parkicle accelerators mabilizing
trigger flows of different kinds, there were coexisting motiens of destrati-
fication of intermedizte intensify which connected these flows, ganarating
meshwarks of different kinds: peasant and small-town markets: symbiotic
nets af small producers engaged. in valatile trade and irnpert substitution:
large cities and industrial hinterlands operating via economies of agglom:.
eration; alpine regions elaborating industrial paradigms different from
those of the coal conurbations, in which skills and crafts were meshed
together instead of being replaced by routines and centralized machinery,
What use is there in moving our level of description to the Bwl if we are
not going to take advantage of the heterogeneous mirtures of energy and
genes, germs and words, which it allows us to conceive, a world in which
geology, biology, and linguistics are not seen as three separate spheres,
each more advanced or progressive than the previous one, but as three
perfectly cogxisting and interacting flows of anergetic, replicative, and
catalylic materials? What use is there in making this move, if we are to
crown the whole exercise with @ refurn to the great master concapt, the
great homogenization involved in the notion of a “capitalist svsbermn™?

On the contrary, we must be cautious when deploying aur concepts, not
enly when we periodize human history, but zl50 when we think of our
avolution from geclogic and arganic strata:

It iz difficult to elucidate the system of the strata without seeming to
introduce & kind of cosmic oF even spiritual evolution from one to the other,
as If they were arranged in stages and asconding degrees of perfection.
Mothing of the sort.... If one begins by considering the strata in them-
selves, it cannot be said that one is less erganized than the other ..,
[T]here is no fiked order, and one stratum can serve directly as a substra-
tum tar anather without the intermediarias one would expect from the point
of wiew of stages and degrees. ... Or the apparent ordar may be revergaed,
with cuttural or technical phenomena providing a fertile soil, 8 good soup,
for the development of insects, bacteria, garms or even particles. The
industrial age deficed as the age of insects. ... [On the other hand] If we
consider the plane of consistancy [the Bw® at the absaolute limit of destrati-
fication] we note that the most disparate things and SiENs move upon it @
.Efmlﬂlit Tragment rubs shoulders with a ehemical interaction, an electron
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clashes inko & language. . . There is no “like” here, we are nol saying “like
an ¢lectron,” “like an inferaction,” etc. The pane of consistency is the abo-
litizn of all metaphar; all that consists = Real ?

Thus, according to Deleuze and Guattari, in terms of the stratified
and the destratified, human histery is not marked by stages of progress
bt by cosxistences of accumulated materials of diverse Rinds, as well as
by the processes of stratification and destratification that these interact-
ing accurmulalions undergo. In this sanse, we could characterize our
ara as the “age of information™ or, egually validly, as the “second age of
insects and germs,” given the significant accumutations of insecticide-
and antibiatic-resistant genes which our agricultural and medical prac-
tices have inadvertently fostared since Waorld War [1. And as | attempted
to show in this book, these mixtures of coexisting “ages"™ are not some-
thing new bul bave always charactarized hurman Ristory, Medieval fowns
wara both linguistic and epidemiclogical taborataries, and many things
accumulated within their walls: money, skills, weeds, cattle, manuscripts,
prestige, power. In the nineteenth century, as cholera epidemics were giv-
ing rise to public health organizations, the inanimate power of coal and
steam was transforming the world not only info &2 single diseasze paol, but
alzo into a single norm pood (3t least for some major languages, such as
English and French), and, of course, a single world-economy. Rats and
their fleas and germs were travaling in the same transoceanic ships that
brought to the nec-Europes millions of people, as well as & greal variety
of ather studf: raw materlals, silvar, luxury items, domesticated species,
invastment capital, weapons, and so on.

In turn, the nineteenth century witnessad the proliferation of institw-
tions dedicated to disentangling these dangerous mixtures: naval hospi-
bals and schools, prisons, and factories. These institutional sorting
devices began to process particular flows and to assign each geclogical,
bizlagical, and linguistic component its “proper™ place. A% Foucaull has
shown, the sorting eperation was carried cut in these institutions via spa-
tial partitioning and standardized tests of different kinds, as well as by
an alaborate record-keeping system to store the results of thase examils
nations. In terms of abstract diagrams, there is no difference bebween
these Institutions and the rivers that sort out the sedimeant that forms
certain rocks, or the ecological selection pressures that sort genes into
species. (That is, in all three cases we have an operation of sorting, ¢las.
sifying, or “territorializing.") But what would correspond to the second
aperation, the cermenting topether of the sedimant or the reproductive
islation of the =pecies acting as a ratchat mechanism? (That is, the "cod-
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ing” of permanent architectural relations bebwaen pebbles, or the “oed-
ing"” of a species as & separate reproductive entity through changes in its
mating calls, scent, or ¥isual markings.)

in his reading of Foucault, Defewze has given us some clues regarding
this second articulation. He uses the terme “confent” and "expression” to
refer to the two articulations and warns us not to confuse them with the
ald philosophical distinction between substance and ferm. Instead, each
articulation includes both forms and substances: sediment 15 not only 20
accurnulation of pebbles (substance), it is an accumulation distributed in
homogensous layers {form); in turn, cementing these pebbles together
astablishes spatial links among pebbles {form) and creates a material
entity of a larger scale, a sedimentary rock (substance). The same holds
truz for institutional entities, such as hospitals, schools, and prisons:

Strata are historical formations, . . As “sedimentary beds" they are made
ot from things and words, from seeing and speaking: from the visible and
the sayvable, from bands of visibility and fields of readabifity, from contents
and expressions. ... The caenbant has beth a form and a substance: for
example, the form is the prison and the substance is those who are locked
W, the prsoners. ... The expression alzo has a form and 8 substance: far
example, the form is penal lew and the substanca is "delinguensy™ in 5 far
as It is the object of staternents.?

Although the sorting operations carried out in hospitals, schools, bar-
racks, and prisons involved different types of examination (not just viswal
examinations), the homogenizations they effected on the flow of human
bodies were indeed intended not to fuse those bedies into an undifferen-
Bated mass but, on the contrary, to make wisible their individual differ.
ences 5o that they could be properly distributed into the ranks of the few
meritocracies. At the same time —in a distiect and seperate operation, par-
ticular discourses (medical, pedagogical, penal) werg generated in and
around these institutional setups and codified and consolidated the
resulfs of the sorting process into larger-scale entities: organized medi-
cine and the educational and penal systems, (These entities were isomaor-
phic with sedimentary rock, using “visibilities" as their pebbles and
“sayvabilities™ as their cement.)

But it would be wrong ko think that strata are the last word in this
respect. Even if we agres that certain institutions played the role of first
articulation, and that certain types of knowledge performed the second
ane, this would only give us an account of cne form of power and knowk-
edge, formal power and knowledge, But in additicn to stratified, foermal
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power, there is power of the meshwerk type, that is, destratified power
opereting via a multiplicity of informal constraints. In this bock we treated
these constraints as catalysts, or triggers, that play the role of intercalary
elerments in the formation of meshwerks, Although in chermistry the func-
tion of catalysts is viewed simply in terms of inhibiticn or stimulaticn, in
the more abstract sense in which | have used the term the number of dif
ferent constraining functions that a trigger may pay should be conceived
“as & necessarily open ligt of variables expressing a relation between
forees ., .. constituting actions upon actions: o incite, & induce, to seduce,
to make easy or difficult, o enlarge or limit, to make more or less proba-
ble, and 50 op.' 0

Other abstract machines must be added to those behind the genesis of
mashwarks and hierarchias to give a fuller characterization of the com-
plex history of Western Institutional ecolegies, As we noted, many higrar-
chical grganizations with routinized activities may use these routines as
# kind of “organizational memory.” Whern thess organizations reproduce
(i.e., when a commercial organization opens a new branch or a govern-
ment institution replicates in k5 overseas colonies), these routines are
passed on te their progeny with variation, and this allows populations of
such arganizations to embody an abstract probe head, & similar point
applies to institutional norms {legal, commaercial, linguistic) transmitted
through social ebligation and to informal behavioral patterns (memes)
replicated through imitation. Additionally, madels like those created by
Couglas suggest that yet other structure-generating processes may oper-
ate within formal organizations and informal networks, affecting the way
I which their constituent individuals interact, and the warldviews thoze
interactions ganerate.

This list of abstract machines is probably not exhaustive; there may
certainly be others, governing dynamics in areas outside the scope of this
book, And, indeed, evan in the areas we did explore there may be alter-
natives {or additions) to the diagrams hers proposad. But whather these
or other diagrams are used to model the structure-generating processes
involved in the genesis of social forms, what matters is explaining this
genesis in an entiraly bottom-up way, That is, not simply to assume that
society forms a system, but % account for this systematicity as an emer-
gent property of some dynamical process. This is very different from
the topdown method that orthedox sociclogists and other social scien-
lists use when they begin their analysis at the leval of society as a whole,
justifying that approach either by using the individual organiam a3 a
metaphor for society, as in functionalist sociology, or on the Basis of an
imaginary dynamics, as in Marxist sociology’s dialectics. On the other
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hand, the opposite mistake (llustirated by orthodox microeconomics)
miust slao be avoidad: atomizing society into 2 set of independeantly act-
ing individualz, Rather, we must take into account that the larger-scate
structures that emarge fram the actions of individual decision makers,
such as formal organizations or infermal networks, have alife of their
own, They are wheles that are more than the sum of their parts, but
wholes that add thermselvies to an existing population of Individual stroctures,
operating at different scales {individual institutions, individual cities, indi-
vidual campleces of citles, and so on). As Deleuze and Guattar put it

W o longer belleve ng primandial tetality that once existed, or ino2 Tinal
totality that awaits ws af some fulure date. We no longer believe in the dull
gray outlings of a dreary, coforless dialectic of evelution, aimed at forming &
harmonious whole out of heteregenacus bits by rounding off their raugh
adges, We belisve gnly in totalities that are peripheral, And if we discover
such a totality alongside various separate parts, it 15 a whole of these partic-
ular parts but deas not totalize them; it is a unity &f 2l those particular
parts but dees not enity them; rather it is addad to them as a new part fab.
ricated saparately.t

Fram the perspective of a bottom-up methodalogy, it is incarrect o char-
actarize contemporary societies as “disciplinary,”™ or as "capilalist,” or,
for that matter, "patriarchal™ {or any other label that reduces 2 complax
mixture of processes to a single factor), unless ane can give the details of
a structure-generating process that results in a societywide system. Cer-
tain instituticnal forms may indeed proliferate in a population, but svan
when this leads to the axtinction &f prior forms this showld not be treated
as the achlevement of & new unified stage of development. Mareover, a
given proliferaticn of institutions may be the result of an intensification o
previously existing processes, In the case of utifitarian raticnalization, as
Fourault seys, “the classical age did not initiate it; rather it accelerated i,
chanmged its scale, gave it precise instruments."™ 2 Mo doubt, an intensif-
cation 'may lead to the grossing of a threshold, as in the critical peint of
complezity at which autocatalytic loops become self-sustaining, leading to
industrial takeoff. Or it may lead to the creation of truly novel types of
insthutian. Buk the resulting emergent structures simply add themselves
ta the mix of previously existing ones, interacting with them, but never
leaving them behind as a pricr stage of development {although, perhaps,
creating the conditions for their disappearance).

Thiz brings us to the question of the pragmatic uses of these weas,
The last three or four centuries have witnessed an intense homoge niza-

ZTL




A THOUSAND YEARS OF NONLINEAR RIETORT

tion of the world (biotogically, linguistically, economically), a fact that in
itself would seem to recommend the injection of a healthy dose of hetero-
geneity inta the mix, Or, in the shorthand we have been using, the world
has become so greatly stratified that the only way out is to destratify it.
But there are several things wrong with this knee-jerk response.

First, although it is true that nation-states swallowed their minorities
and digested them by imposing national standards for language, currency,
education, and haalth, the solution to this is not simply to break up these
large sociopoiitical entities into smaller ones (say, ane for each mincrity:
for Instance, the way Yugoslavia was broken up into territories for Saerbs,
Croats, and other minorities). To simaly increase heterogenaity without
articulating this diversity into a mashwork not only results in further
conflict and friction, it rapldly creates a set of smaller, internally homa-
geneous nations. {Hence, the balkanization of the world would increase
hatarogeneily only in appearanca, )

Sepond, evan if we manage to create local connactions: between hetero-
geneous elements, the mere presence of an emergent meshwork does not
in itself mean that we have given a segment of sociaty a less oppressive
structura, The nature of the result will depend on the character of the
heterogeneous elaments meshed together, as we observed of communities
on the Internet: they are undoubtedly more destratified than those sub-
jected to massification by one-to-many media, Dut since everyone of all
political stripes —even fasciats —can benefit from this destratification, the
rrere existence of 8 computer meshwork is no guarantes that a better
world will develop there. Finally, increasing the proportion of meshwork in
the mix is indeed destratifying, but we still meed te be cautious about the
speed and intensity of this destratification, particularly it it turns out to
be true that “the most destratified element in @ mix effacts the moest rigid
restratification’” later on:

You don'l reach the Bwd, and its plane of consistancy, by wildly destratily-
ing.... If you free it with too violent an action, if you blow apart the strata
without taking precautions, then instead of drawing the plane you will

be killed, plunged inte a back hole, or even dragged towards catasirophe.
Staving stratified —organized, signified, subjected —is not the worst

that can happen; the worst that can happen is if you throw the strata into
demented ar suicidal collapse, which brings them back down on us
heaviar than ever. This is how it should be done! lodge yourself on a sira-
tum, experiment with the opportunities it offérs, find an advantageous
placa en it, find potential moverments of deterritoriatization, possible lines
al flight, experience them, produce flow conjunctions here and there, try
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cut continuums of inkensities segment by segment, have a small plot of
mew land at all times,

All these precautions are necessary in a world that does not possess a
ladder of progress, or a drive toward increased perfection, or a promised
land, ar even a socialist pot of gold at the end of the rainbow. Morsover,
these warnings derive from a recognition that our world is governed not
only by nenlingar dynamics, which makes detalled prediction and contral
impassible, but also by nonlinear combinatarics, which implies that the
numbar of passible mixtures of meshwork and hierarchy, of command
and market, of cenfralization and decentralization, are immense and that
wii girmply cannot predict what the emergent properties of these myriad
combinations will ke, Thus the call for @ more exgenmental attitude
toward reality and for an increased awareness of the potential for salf-
arganization inherant in even the humblest forms of matter-enargy,

When wa think that the majornty of equations used in science are lin-
ear and that & linear conception of causality dominated Wastern thought
for gver two millennia, we may be inclined to think that our lack of famil-
jarity with guestions of seif-organized heterogeneity and our te ndenay to
think about complexity 0 terms of haomageneous hierarshies derive from
Ehe way we represent the world fo oursedves, Mo doubt, the entrenchment
in the academic and scientific worlds of certain discursive practicses
informed by linear thinking-and linear representation is indeed part of
our problem, But to try to reduce a complex situation to a question of
representations is, in turn, a homogeniZing force very much alive today
arnong social critics. Here we have argued that both the world of objective
referents and the world of ataels and corcepts have undergone processes of
unifarmalion and slandardization, so that both discursive and nondiscur-
sive practices need to be taken into account when tracing the history of
our homogenization.

In short, as our industrial, medical, and educetional systems became
routinkzed, as they grew and began to profit from economies of scale, lin-
ear ggquations accumulated in the physical sciences and equilibrium theo-
ries flourished in the social sciences.!? In B sense, even though the world
is inherently nonlinear and far from eguililrivim, its homogenization
mieant that those areas that had been made uniform began behaving
pifectively as linear equilibrium structuras, with pradictable and control
lable properties. In other words, Western societies transformed the objec-
bive world {or some areas of it) into the tvpe of structure that would

"correspond” to their theories, so that the latter became, in a sense, self-
fulfilling prophacies,
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Today, cur theories are beginning to incorporate nonlinear slements,
and we are starting to think of heterogeneily as something valuable, not
as an obstacle to unification. Megative and positive feedback have been
added to older linear notions of causality, enriching our conceptual reser-
valr, Even some materials (such as fiberglass and other composites) have
increased our awareness of the limitations imposed by uniformity and aur
awareness of the great advantages of meshworks in industrial design, '
In short, our theories are shedding seme of their homogeneity. Although
this iz a welcome development, wa still have to deal with the world of ref-
arants, with the thousands of routinized arganizations that have accumu-
lated over the yvears, with the spread of standardized languages, and
with the homogenized gene pools of our domestic plants and animals, to
mention only the examples discussed in this bock. Changing our way of
thinking about the world is & necessary first step, but it is by no means
sufficient: we will need to destratify reality itsell, and we must do so with-
out the guarantes of & golden age ahead, knowing full well the dangers
and possible restratifications we may face.

It is important, however, not o confuse the need for caution in our
exploration of the nonlinear possibilities of (economic, linguistic, biologi-
cal) reality, and the concomitant abandonment of utopian auphoria, with
despair, resentmant, or nikilism, There is, indeed, & new kind of hope
irmplicit in these new views. After all, many of the most beautiful and
inspiring things on cur planet may have been created through destratifi-
cation. A good example of this may be the emergence of birdsongs: the
mouth became destratified when it deased to be a strictly alimentary
organ, caught up in the day-to-day eating of flash, and began to generate
other flows (memes) and structures {songs) wheara the meshwork element
dominated the hierarchicsl, ' The emergence of organic life tself, while
not representing & more perfect stage of development than rocks, did
invalve & greater capacity bo generate self-consistent aggregates, a sur-
plus of consistency.!” The human hand may alse have invoived a destrati-
fication, a complete detachment from locamotive functions and a new
eoupling with the external environment, itself further destratified when
the hand began converting pieces of it (rocks, bones, branches) inte
tools.1® Thus, despite all the cautionary tales about simplistic calls for
anarchic liberation, there is in these new theories a positive, even joyiul
canception of reality. And while these views do indeed invoke the “death
of man,” it iz only the death of the “man” of the old "manifest destinies,”
not the death of humanity and its potential for destratification. =
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INTRODUCTION

1. Zee llya Prigogine and Isabells Stengers, Order Out af Chaos: Man's Naw
Dialogie with Nature (Mew York: Bantam, 1384), Prigogine and Stengers write:
“We have seen new aspects of time boing progressively incerparated into physics,
while the ambiticns of omnizcience inherent in classical sGience were progressively
rejectad. ... Indeed, history began by concentrating mainly on human societies,
after which attention was given ta the temparal dimensicns af lite and gectogy. The
incarporation of time into physics thus appears a3 the last stage of a progressive
reinsertion of kistory into the naturs and social sciences' (p. 2085

0On the role of minar Auctuations in determining the future history af & systern
afler a bifurcation, sea ibid,, ch, 6,

2, The term "“fitness™ has in tact changed in maaning with nes-Darainizm. In
the ninetesnth cantury it denoted a set of aptitudes and adaptive traits necessary
lar survival; todiy i simply means fartility or, rather, the nomber of offspring
reared to reproductive age. This hasz taken away the horgic connotations of the
term “fittast,” which is what Secial Darwinists exploited in thelr racist thearies. 1t
fas alag made it relatively straightforsard (if somewhat tautolegical fo define opti-
ma fit; the genes that survive are the anes that ereate more reproducibla coples
of themselves. In this sense, aptimality (and the limited role for history tat it
inwalves) may shll bave a place in evelutionary theory. But when it comes to opti-
rmality of adapdive tralts rot directiv sefated fo reproduction, the idea that natural
selection can sculpt plant and animal badies that are optimally adapted 1o Lheir
anviranments has bean losing graund, In particular, the introduction of thearies of
self-arganization and noneguilibrivm, nonlinear dynamics inkto the formalism of
neg-Darwinism, has made it clear that selection pressures cannot achieve optimal
results, particularly in cases of copvolution, as in predator-prey arms races. On the
ather hand, some scientists (Brian Goodwin end Francizes Varela, for example) are
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