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0.

In

1 Modernism and Primitivism

the mid-century Social& economitistory oftheHellenisticworld we read:

We may accept,for instance,the view of many modern scholars,that
the brilliant development of exact sciencein the Hellenistic period
contributed largely to the impr ovement of methods of production
and exchange,by the invention of new technical devices in the eco-
nomic spheresin question.!

Leaving exchangeaside for the moment, we can analyze the opinion that
Rostovtzeff acceptsand summarizes in this passageby splitting it into
four theses:

1.

2.
3.

4.

During the Hellenistic period therewas abrilliant development of exact
science.

Hellenistic sciencehad nonmarginal technological applications.
Potentially important applications of scienti ¢ technology to produc-
tion methods were devised.

Someof theseapplications werein fact usedto asigni cant extent, lead-
ing to appreciable economic progress.

Rostovtzeff's modernist thesescontrast with the views of primitivists

who have denied all four points above.

Thesis 1 might seemdownright obvious. But for along time a majority

This is page 243
Printer: Opaque this

page 265

of scholarsmaintained primitivist views evenon scienceproper, engaging pagezss

![Rostovtzeff: SEHHW], vol. II, p. 1180.
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in a debate on the causesof the putative scientic backwardness of Hel-
lenistic culture in articles such as C. Préaux's “Stagnation de la pensée
scienti que al'époque hellénistique”. 2 Of course, any change can be seen
asindicative of stagnation or regressionby thosewho chooseto place else-
where the apex of the processunder study (say by regarding Aristotelian

thought asthe unsurpassed high tide of scienti ¢ thinking).

In any case,the other threetheseshave had a hard life and few histori-
ans of technology or economics have subscribed to them.

Among scholarswho have denied any relationship between scienceand
technology in Antiquity many have wondered how on earth ancient sci-
entists were so oddly unable to nd technological applications for their
science.One answer that enjoyed popularity for sometime was that they
were all aficted by “mental block”. 3

Others, less charitable, think that technology was channeled toward
uselessgoals through a consciousand perverse decision. Here, for exam-
ple, is the opinion of two intellectuals of very high caliber:

Alexandrian technology was dir ected almost entirely toward games
and amusements,ever more costly and elaborate,in which a constel-
lation of rich parasitessought relief for their ennui.*

Certain historians of science,such as Dijksterhuis, having a profound
acquaintance with Hellenistic technology, have indeed acceptedthesis 2
of the preceding page, realizing that Hellenistic scientists created a good
part of the technology that underlay Europe's Industrial Revolution; but
these same historians then wonder why ever this technology was created
only “for amusement”, with no awarenessof its usefulness?>

For several decadesthe contest between modernistor maximalistviews
on the one hand and primitivist or minimalist views on the other leant
decisively toward the latter, thanks in no small part to M. Finley's in uen-
tial writings.

Finley, who onceboiled all the technological innovations of “the Greeks
and Romans” down to a “fairly exhaustive” list of thirteen items,® also
wr ote:

2[Préaux].

3The mental block theory was put forwar d in 1938in [Schuhl].

4[Enriques, de Santillana], p. 497.

5SeeDijkster huis' quote on Heron, on page 131,and the subsequentdiscussion.

S[Finley: TIEP], rst paragraph. The entries are: gear, screw, rotary and water mills, screw-press,
fore-and-aft sail, glass-blowing, hollow bronze casting, concrete, dioptra, torsion catapult, water
clock, water organ, automata driven by water and wind and steam. Astoundingly , he concludes:
“it adds up to not very much for a great civilization over fteen hundred years” (asif the rate of
innovation had been constant throughout that period).
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[The Ptolemies] reclaimed great quantities of land, they impr oved
and extended the irrigation system, they intr oduced new crops, they
moved Egypt belatedly from the bronze ageinto the iron age... all in
the interest of the royal revenue, and all amounting to nothing more
than giving Egypt the advantages of already existing Greek tech-
nology and Greek processesSimultaneously, the Ptolemies founded
and nanced the Museum at Alexandria, for two centuries the main
western centre of scientic reseach and instruction. Great things
emerged from the Museum, in military technology and in ingenious
mechanical toys. But no one ... thought to turn the energy and in-
ventiveness of a Ctesibius to agricultural and industrial technology.
The contrast with the Royal Societyin England is inescapable’

Finley warns us against the danger of mapping onto ancient societies
conceptual and economical structur es characteristic of the modern world,
and denies that the ancient world ever witnessed in a signi cant way
nonagricultural economic activities, capital investments in production or
real economic growth.

He also maintained —and this is a key point in primitivist thought —
that in Antiquity the city was a center of consumption but not of produc-
tion. Admittedly , the argument goes, a certain number of city dwellers
engagedin craftsmanship (primarily to supply their own city), but on the
whole cities and towns lived at the expenseof their surroundings.

Leaving that aside until Section 9.5, we have seenample evidence that
the rst two thesesthat summarize Rostovtzeff's position (page 243)are
correct, and we will devote the rest of this chapter to an analysis of the
role played by scienti ¢ technology in the production of goods and in the
economy. Sincethe primitivist views refer to all of Antiquity and sincewe
have much more information about the imperial period, we will not be
able to limit ourselvesto the Hellenistic period.

9.2 Scienti ¢ and Technological Policy

One argument of primitivists is that interestin technological progresswas
altogether absentin Antiquity . An oft-cited anecdotein this regard is about
the Emperor Vespasian,who supposedly vetoed the installation of some
device capable of move heavy columns at a low cost, in order “that he
might be able to feed the mob” with labor-intensive projects® Another
well-known story goeslike this: an artisan, who had invented a method

"[Finley: AE], p. 148.
8Suetonius, De vita CaesarumVespasianu§18.
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FIGURE9.1.Papyrus Edfou 8is aletter by the inventor of awater-lifting machine,

urging the authorities to adopt his creation. (Courtesy University of Warsaw,
Institute of Archaeology.)

to make glassunbreakable,sought to seeTiberius in the hope of areward.
The emperor, after ascertaining that the man had not shared his secret, put
him to death, fearing that the spread of infrangible glasswould debasethe
value of gold.® Of course a lack of interestin technology on the part of the
Roman ruling classcannot be denied —and we have seenexamples of it
before'®—but it canhardly bethought representative of the “Ancients” as
awhole.

In the Hellenistic statesthe attitude of authorities toward scienceand
technology was markedly dif ferent.

An Egyptian papyrus of the third century B.c. (Figure 9.1) contains a
letter to the king in which one Philotas, otherwise unknown, urges the

9Told by Petronius (Satyricon ix) and various other authors.
105eepages237—-239.
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adoption of anew water-lifting machine he had invented. ! We don't have
the response,but from the progressdocumented in this sector(Section4.6)
it seemsunlikely that the story ended badly for Philotas.

The Ptolemies founded the Mouseion (Museum) at Alexandria, the rst
public reseach institution we have notice of.'? Strabo tells us that meals
were served in acommon room.*® This shared life must have favored cul-
tural exchanges:if we keep in mind that Herophilus may have regularly
sat at table with Euclid and Ctesibius, it is easyto imagine the extent of
their mutual in uences.

In the Mouseion, for the use of its scholars, was the famous Library.
Ptolemy Il Philadelphus stocked it through purchasesin every market,
through requeststo other stateswith which he had dealings, and through
his famous “book toll”: every ship that put in at Alexandria had to declare
all books on board and donate them to the Library, receiving a copy in ex-
change.At the sametime he fostered the publication of many new books,
particularly translations of foreign works. In afew decadesthe collection
grew to about half amillion books. A separatesectionof the Library, called
the Serapeum,was open to the public: in Callimachus' time (third century
B.C.) it contained 42,800books.

Scienceand technology had pride of place among the studies promoted
by the Ptolemies: not only did Alexandria's scholarsinclude such names
as Euclid, Ctesibius, Eratosthenesand Apollonius of Perga, but all scien-
tists of the time maintained contactswith the city.

How about Hellenistic statesother than Egypt? One casewherethe little
we know is enough to show the existenceof an energetic scienti ¢ policy
is the statelet of Pergamum. The Attalids created there a library second
only to that of Alexandria. Attalus Il wrote atreatiseon agricultur e, and
he and other rulers of the same dynasty sponsored experimental studies
in botany, even devoting themselves and the royal gardens to them. The
Attalids were particularly eagerto develop civil and military engineering.
We have already mentioned the Pergamene syphon aqueduct,** part of an
extensive water distribution complex. Biton's book on military technology
was dedicated to Attalus I. The protection extended by theserulers to the

1Edfou papyrus 8. The author of the letter asksto be assigned to the strategus Ariston, who
presumably was in charge of waterworks. It may have been the same Ariston to whom Philo
of Byzantium devoted his Pneumatics(for the various forms in which the name appears in the
manuscripts see[Philo/Prager], p. 48).

2The Academy and the Lyceum in Athens had many featuresin common with it, but were
private institutions.

13strabo, GeographyXVIl, i §8.We have no account of the Mouseion dating from the third or sec-
ond centuries B.C., but it seemslikely that the practice in question held also in the early Ptolemaic
period, if only becauseit was adopted at the Lyceum at well.

14Seepage 118.
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greatest experts in military construction bore good fruit, to judge from
the forti cations they built, whose innovative characteristics include the
extensive use of archesand vaults aswell asnew types of towers designed
to accommodate the latest forms of artillery .1°

About the Seleucid state we have little information, but we know that
naval technology in the third century vied with that of the Ptolemies; we
also know about the development of mathematics and mathematical as-
tronomy and we have seenthat the rise in Alexandria of the Herophilean
school of medicine was matched by the contemporaneous activities of Era-
sistratus, probably in Antioch. We have notice of libraries in other states,
such as Macedonia. We have seenthat the rst water mill on record was
built at Cabeira by the king of Pontus; his palace also boasted a z00.'®
Strabo mentions astronomical observatories in Caria and in Libya, go-
ing back to Eudoxus.!” And it is well-known that Syracuse'sruler, Hiero
II, used naval and military technology based on Archimedes' scientic
achievements.

Theseexamples suggestthat the attention paid to scienceand technol-
ogy by the rulers of Egypt and Pergamum was shared, to a greater or
lesserdegree, by the whole Hellenistic world.

Cultural policy absorbedconsiderable economicresources.Many of the
books published in the Alexandrine Library were translated into Greek
by teams of bilingual experts brought in from their countries of origin; 8
the funding for such editions, given their very great number, must have
been a sizable budget item even for the rich Ptolemaic dynasty. The na-
ture of the Hellenistic rulers' interestin cultur e is well illustrated by the
“paper wars”: Ptolemy Il Philadelphus, in order to stunt the growth of the
Pergamenelibrary, stopped exporting papyrus out of Egypt.*° This canbe
interpr eted not so much as a bibliophile’'s act of jealousy towards a rival
but asan attempt to prevent other statesfrom acquiring a product of per-
ceived strategic importance. Clearly, Hellenistic rulers supported culture
not out of intrinsic high-mindedness but becausethey saw in knowledge
an essentialsource of power.

State-funded cultural initiatives, and book publishing in particular, of-
ten had political ends. For example, the translation of the Bible into Greek
traditionally known asthe Septuagintwas at once an instrument and an

[McNicoll], pp. 118-156.

Bstrabo, GeographyXll, iii §30.

Strabo, Geographyll, v §14;XVII, i §30.

BAccording to Pliny (Naturalis historia, XXX §4), just the Zoroastrian corpus involved the trans-
lation into Greekof two million verses,atask requiring extensive organization and coordination.

¥As is well-known, Pergamum's reaction was not to stop making books but to develop the
writing medium that we now know as parchment (from the Greek pegameng

Revision: 1.5 Date: 2003/01/11 03:14:11

page 270

page 271



Ptolemaic dynasty

AlexandrialJews in

Egypt

Manetho

Aegyptiaca@Aegyptiaca

Babylonian history@
Babylonianhistory

Berossus

Antiochus | Soter

Greek!-sasruling class

Pergamum

agricultur e

engineering

Varro, Marcus Terencius

agricultur e|(

empirical science|(

Varro, Marcus Terencius

Bithynia

Diophanes of Bithynia

CassiusDionysius

Carthage

Mago (Carthaginian
writer)

agronomy

9.3Economic Growth and Innovation in Agricultur e 249

effect of the Ptolemies’ policy of assimilation of the important Jewishcom-
munity in Alexandria. In the rst half of the third century B.C. the Egyp-
tian priest Manetho compiled the Aegyptiacaand the Babylonian priest
Berossus wr ote a Babylonianhistory dedicated to Antiochus | Soter. The
goal of these Greek-language works was to give the ruling classin those
statesabetter understanding of the local cultur e. Hellenistic kings realized
that knowing one's subjectsis away of strengthening one's power.

Interestin sciencealso seemsto have had economic motivations. This is
most obvious for the small Attalid kingdom, whose rulers, aswe just saw,
sponsored reseach in areasthat promised an immediate practical return,
such as agricultur e and engineering. That this interestin agricultur e was
not a hobby but aimed at acquiring knowledge useful in improve crop
yields may be seenfrom the fact that most of the authors of treatiseson
agricultur e mentioned by Varro?® are connected in some way or another
with Pergamum.?!

9.3 Economic Growth and Innovation in Agricultur e

Whereasopinions differ on whether there were economically important
nonagricultural activities during certain periods of Antiquity , there is no
doubt that agricultur e did remain the mainstay of the economy through-
out the ancient world. In investigating whether scientic development
had economic consequencestherefore, we must start by asking if science
was applied to agricultur e.

That theoretical knowledge was applied to agricultur e is indicated by
the ourishing of treatiseson the subject. Varro writes that in Greekthere
were fty such works, and he names forty-nine of them.?? Not a single
one has been preserved, nor do we have reliable quotes from them. It is
indisputable that they were the ultimate origin of all Roman knowledge
about the subject, but there is very little hope of reconstructing any sig-
ni cant fraction of their content basedon the writings of learned Romans.
Indeed, it seemsthat the chief source used by Varro and other Roman
writers on agricultur e was Diophanes of Bithynia, who summarized the
translation made by CassiusDionysius of the large handbook written by
the Carthaginian Mago, itself acompilation of various Hellenistic treatises
on agronomy.?

2Ovarro, Dererustica, I, | SS8Ff.
2Y[Rostovtzeff: Pergamum], p. 694.
22yarro, Dererustica, |, i §§8ff.
Z[Rostovtzeff: SEHHW], vol. II, p. 1183.
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Many plants indigenous to other lands were acclimated for the rst time
in the Hellenistic kingdoms. Preexisting plants were impr oved thanks to
seedsimported from different countries. Progressin husbandry was like-
wise impr essive: animals from elsewhere were acclimated, breeds were
impr oved through crosses,and wild animals such as hares, dormice and
boarsbeganbeing raised,?* asdid sh species.Innovations of this type had
of course beenhappening since Neolithic times, but on awholly different
time scale. There are clues that in early Ptolemaic Egypt the acclimation
and hybridization of specieswere carried out under the supervision of
Mouseion scholars:for example, in a passageby Athenaeus about the zoo
founded by Philadelphus in the royal district, the subjectis brought up in
connection with new bird breeds obtained there,?® and the close link be-
tween the study of botany and the development of cultivation techniques
is clear in the botanical works of Theophrastus.

We also know that viticultur e was reformed following directions laid page273

down by Theophrastus.?® In this regard R. J.Forbeswrites:

Theophrastus believes that plants derive their vital spirit (pneuma
from the soil and draw it up through the pith, together with water.
From this theory he deducesthe correctway of striking cuttings from
good vines, the conditions under which they should be planted, the
porosity and moistur e of the soil, and the care of the cuttings. Graft-
ing he rejects, but he discussesthe uses and methods of pruning.
Despite the defectsin his knowledge of plant physiology, his advice
is generally good and often so much in accomdance with modern
views that we may re ect how little the practical experience of vine-
growers hasadvanced during the last 2200years. It shows that Greek
genius raised viticultur e to a very high level of achievement.?’

If, asis likely, Theophrastus judged the value of a theory by its use-
fulness and simplicity , he would be amazed to read that his theories are
considered “defective” today by those who still follow his advice in spite
of having acquired vastly more complex knowledge.

Someof the advanceslay simply in the adoption and spreadthroughout
the Hellenistic world of the besttechniques practiced in the various parts
of the ancient empires. For example, the seeder already used in Meso-

Zvarro saysthat the rst Romanswho tried breeding these specieslearned about the practice
in the books by Mago and CassiusDionysius (De rerustica, Ill, ii 8813-14)In the same context he
mentions the intr oduction of sh-farming.

ZAthenaeus mentions hybrids of pheasantswith guinea fowl (Deipnosophistaé&XIV, 654b—c).

BTheophrastus, De causisplantarum, 1l, xi §1—xvi §4.

Y[Forbes: FD], pp. 131-132.
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potamia, was intr oduced to Egypt, while eggincubators,?®long traditional
in Egypt, becameknown to the Greeks?® (In the early sixteenth century
Thomas Mor e wr ote admiringly that in Utopia “vast numbers of eggsare
laid in a gentle and equal heat, in order to be hatched”, 3 but incubators
would remain a mere literary memory still long after that.)

In Hellenistic times, asin classical Greece,honey and wax had multi-
farious and extensive uses,and apicultur e enjoyed considerable economic
importance. The growth of knowledge in this eld (and, for that matter,
in entomology in general), is demonstrated by the existenceof treatises
on apicultur e. Pliny mentions two: one by Aristomachus of Soli, who “did
nothing else” in his whole life but study bees,and one by Philiscus of
Thasus3? We do not have theseworks, but alovely page of Pappus gives
us atasteof the scienti ¢ level of thesestudies and an example of the inter-
action between exactand empirical sciences.Pappus, in the intr oduction
to the book where he deals with minima, passeson the observation that
bees,in building hexagonal hives, have solved an optimization problem,
becauseamong regular polygons that tile the plane the hexagonis the one
with the least perimeter for a given area,and therefore the one that allows
the use of the leastamount of wax to hold agiven amount of honey.® This
remark was made again many times in the modern age,becoming acliché
of sorts.

About advancesin agricultural machinery we know little. Rostovtzeff,
after mentioning the use of technological innovations to extend the area
under cultivation, says:

The question ariseshow far in the same period Egyptian agricultur e
bene ted by similar technical inventions. Our information on this
point is meagre. There is hardly any literary evidence; the papyri
occasionally mention agricultural implements, but the referencesare
not easy to interpr et; and the agricultural implements themselves,
though found in large numbers, have never, asl previously remarked,
beencollected, described, and analysed from the technical and histor-
ical standpoint. 34

ZArti cial incubation in atemperatur e-controlled environment is mentioned by Pliny (Naturalis
historia X §154).

2Diodor us Siculus, Bibliothecahistorica I, Ixxiv §§4-5;Aristotle, Historia animalium VI, 559b:1-5.

%0Thomas Mor e, Utopia, book I, at 3%.

3lncidentally , Plutarch offers us a glimpse of the intr oduction and subsequentabandonment of
the experimental method in entomology when he beratescertain scientists (whom he nonetheless
usesassources!)for having systematically cut up anthills to study their internal structure (Plutarch,
De sollertiaanimalium 968A-B).

32Pliny, Naturalis historia XI §19.

33pappus, Collectig V, 304—-306.

%4[Rostovtzeff: SEHHW], vol. |, p. 362.
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One big step forwar d in agricultur e, re ecting probable breakthroughs
in ore extraction and metallur gy, was the dif fusion of iron tools and ma-
chines with iron parts, which were at rst extremely rare both in Egypt
and in Greece.Therewas automation too. Pliny mentions animal-power ed
automatic harvesters with teeth and blades3® Similar implements were
still in usein Gaul in the fourth century A.D. and were described in greater
detail by Palladius in his work on agricultur e 36

The Ptolemies put to use much virgin land, draining marshes and ir-
rigating the edge of the desert; in both casesessential use was made of
water-lifting machinery, and likewise in regulating the oods of the Nile
(that is, watering fertile land in yearswhen the ood was weak and drain-
ing it in the opposite case)3? The source of lifting power was sometimes
the stream itself, thanks to a wheel that combined paddles and water-
holding compartments.36°

All of this shows that the Hellenistic scienti ¢ revolution made possible
very signi cant changesin agricultur e, but we do not have enough dir ect
information to gur e out to what extent the new possibilities were effec-
tively put to use. Still, what demographic data we have speak eloquently:
whereasin the late Pharaonic period the population of Egypt is estimated
to have been about three million, at the beginning of our erait was eight
million: half a million in Alexandria 3’ and sevenand a half in the rest of
the country.®® An interesting comparison can be drawn with an estimate
of Egypt's production capacity, published in 1836,to the effect that eight
million was the maximum population that could befed if all land capable
of cultivation were sown.*® The same source put the actual population at
the time at less than half that number. By 1882, after economic reforms
and a half-century of growth, it had reached6.8million. 3% One might add
that Hellenistic and Roman Egypt was a major exporter of agricultural
produce and grain in particular.

3pliny, Naturalis historia XVIII §296.

3¢palladius, De rerustica, VIl §85—7.The machine was very simple, but still beyond the ken of
medieval and early modern Europe. In the 1830san English translation of Palladius cameinto the
hands of an Australian farmer, who derived “Ridley's stripper ” from it; seefor example [Thomp-
son], pp. 80-81.

36agee for example, [Oleson: WL], p. 247.

36byv/itr uvius, De architectura X, v §1.

3"This number is basedprimarily on a statement of Diodor us Siculus (Bibliotheczhistoricg XVII,
lii §6)that the city had about 300,000fr eeresidents. For discussion see[Fraser], vol. Il, pp. 171-172,
note 358.

38Fjavius Josephus,Bellumiudaicum I, xvi, 385.His number is compiled from tax rolls, so we
may presumeit is, if anything, an underestimate. Josephuswr ote around 75A.D.

39[Lane], last threepagesof intr oduction.

3%3Walek-Czerneckil; cited in [Bowman], p. 17.
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imperial period

agriculur e) We note that while it is easyto document the use of new agricultural
Idhtfdglldl know-how in the Hellenistic period but dif cult to quantify its impact,
commerce most scholars who recognize the existence of growth in the agricultural
‘S’Hi%vsrfwoi”i@ ec) economy in Antiquity place that growth in the early imperial period, on
e the basisof a variety of evidence.*® Wewill return to this point.

§I£;Z!blowing

Ennius (glassware maker)

"‘ph“f'tg”"’d 9.4 Nonagricultural Technology and Production

waterllifting

machines!agricultural

imeraining Many scholars continue to maintain that technical innovations were irrel-
imperial period evant to economic output in the classicalworld, but admit an increasing
o Tinto number of “exceptions”.

Spain

In several placesin northern Africa there is archeological evidence of
big plants for the production of olive oil: their study has shown that the
output was probably meant for export and that production was certainly
basedon up-to-date technology.*! This then is one of the “exceptions”. But
keep in mind that screws were a technological novelty of the Hellenistic
period and that their intr oduction was connectedwith science,asattested
by the fact that one of our few (and reticent) sources about presses,in
particular olive-pr essesjs Heron of Alexandria. #?

In Hellenistic times new types of glass were produced and the new
technique of glass blowing was intr oduced, which in Syria gave rise to
blowing in molds. Today there remain many objectswith the trademark
of Ennius, the most famous imperial-age producer of blown-glass objects.
His businesswas headquartered in Syria and had a branch at Rome. The
magnitude of his and similar rms was such that some have suggested
that glassblowing was the only exception to the economic negligibility of
technological innovations in Antiquity .43

Returning to water lifting, we now know from archeological evidence**
that an advanced technology, developed in close connection with science, page2r7
was employed on avast scaleand had signi cant economic consequences.
Water lifting was essential not only in agricultur e, but also in draining
mines and ships. The most powerful drainage installation known from the
imperial ageis that of the gold mines at Rio Tinto, in Andalusia, Spain. At
least eight pairs of water wheels, placed at dif ferent levels and working in
series,allowed water to be raised by about thirty meters (Figure 9.2).

405ee[Millett], for example. But he warns: “I am only too aware that my discussion ignor esthe
possibilities for growth through the Hellenistic world; in particular, Ptolemaic (and later Roman)
Egypt, where materials for such a study may come closestto existing” (p. 41, note 46).

“UMattingly: ORW]; [Mattingly: OPRA].

“2Heron, Mechanicalll, ii §§13-20.

43gee[Manning], for example.

4Much interpr etive work hasbeendone by J.P. Oleson; see,in particular, [Oleson: GRWL].
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FIGURE 9.2.General arrangement of Roman water wheels uncovered during the
years 1919to 1921at Rio Tinto mine. From [Palmer], p. 303.

Among nonagricultural economic activities, mining was particularly
signi cant and had beensince classicalGreece.The lead and silver mines
of Laurium, near Athens, had over ten thousand workers. Metal yields
bene ted from progressboth in metal re ning and in tunnel digging. The
remarks in Pliny and Livy about the use of “vinegar ” to eatthrough rock
have generally beentaken skeptically, but to passjudgement one would
needto know what “vinegar ” they meant.*

To what extent did metal production changeby virtue of progressin ex-
cavation, drainage, extraction and re ning techniques?A partial response
is provided by the fact that in early Hellenistic times iron, which until

45seefootnote 92 on page 169,and Pliny, Naturalis historig XXIIl §57;XXXIIl §71.
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then had been scarce and was saved for weapons and knives, came into
common use for tools and machinery of every kind.

About the question of mining output we do have somepotentially quan-
titative evidence of a global nature. Investigations of the northern polar
ice cap have shown apeakin lead and copper pollution in the atmosphere
corresponding to the early imperial age?®

From the little information we have about metallur gical procedureswe
can glean certain technological innovations in the area of metal re ning.
For instance, Polybius tells us about new blacksmith's bellows, perhaps
fed by the Ctesibian pump. 48

Among matter-transformation industries, some of the most important
in the Hellenistic period were the manufacture of medicines, unguents,
perfumes and dyes. Theseindustries made essential use of nhew medical,
botanical and chemical knowledge in their processingof plant, animal and
mineral substances.(Someof the medicines mentioned by Dioscorides are
of mineral origin, suchasverdigris and the copper mineral called chalkitis)

One hint about both the availability of new products and the increasing
importance of materials of mineral origin is in a passageby Plutarch that
mentions non ammable fabrics made from asbestos bers. Admittedly
this was not an economically important use, but neither was it an isolated
curiosity, sincethe bers were mined until the vein was exhausted#°

The most important of the ancient technologies long ignored by histori-
ansis probably the utilization of water power. Thus Marc Bloch, in spite of
having beenthe rst to recognizethe Greekorigin of water mills, wrote:

For one should make no mistake: the water mill, though an ancient
invention, is medieval from the point of view of its effective diffu-
sion.>°

His opinion was basedprimarily on the absenceof clear literary references
to water mills in the rst three centuries A.D. and was long shared by all
historians, who felt that the intensive utilization of water power was a
major mark of technological progressin the Middle Ages.

Of the ancient sites where the use of water power is archeologically at-
tested, the most important is the our plant at Barbegal,near Arles, where
imposing remains have beenfound: grain was milled by 32 stonesturned
by sixteen vertical water wheels arranged in pairs on eight levels. Though
many reseachersthink that the our was exported, R. Sellin believesthat

“[Hong etal.: Lead]; [Hong et al.: Copper].
“8polybius, Historiag XXI, xxviii §15.
49p|utarch, De defectwraculorum 434A-B.
0[Bloch: Moulin], p. 545.
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FIGURE 9.3. Location of archeological sites where Roman-era water mills have
beenfound. Courtesy of J.-P Brun.

the plant was designed to serve local needs>! The plant was originally
thought to date from late Antiquity , but recent studies have proved that
presentremains go back to the early secondcentury A.p.%2 Archeological
discoveries of smaller mills going back to the early imperial age continue
to multiply (Figure 9.3). They have been made throughout the western
extension of the Empire;in the easternpart, we know from epigraphical
evidence that in the Phrygian city of Hierapolis around 200 A.D. there
were enough water mills to justify the foundation of a millers' league. It
is now acceptedthat, in spite of the almost complete silence of our writ-
ten sources, water mills were widespr ead®®>—which certainly belies the
traditional contention that the “Ancients” were not interested in saving
labor.>*

Cereal grinding and water lifting °® were not the only uses of water
power in Antiquity . In the poem Mosellg of about 370 A.D., Ausonius

®Y[Sellin]. He reachesthis conclusion by supposing, inter alia, that the wheels ran idle half the
time and that the population of Arles consumed 350 grams per capita per day of mill-pr oduced
our . He also estimatesthat the power of eachwheel did not exceedthat of a250cc motor cycle. This
mordant observation highlights how technologically uncivilized we ourselves are, in destroying
the environment by wasting on a few motorcycles enough energy to produce food for a whole
town. But after all is said and done, our current system, basedon the exploitation of nonrenewable
energy sources,will last but amoment on a historical scale.

2[Leveau].

S[Wikander: WM], in particular p. 398for the water millers' league ( ).

SWikander: EWPTS].

%6Seepage 252.
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records the use of water-powered saws for marble.®>” Michael Lewis has
argued on the basis of indir ect evidence that the Ancients built pounding
pestlesand other reciprocating machines moved by water.%®

9.5 The Role of the City in the Ancient World

Finley's model of the consumer city is true for Rome, with a vengeance.
Documentation abounds. Rome was indeed, economically speaking, “the

complete parasite-city”. °° It was the destination point for an enormous
ow of riches from the whole Empir e:taxesfrom the provinces, war booty,
rents from provincial land and mines owned by the Emperor and others.
Part of this bounty made its way to the bulk of the population through
public and private channels,helping ensure its subsistence.Caesarstarted
distributions of freegrain; from Augustus onwards the plebs periodically

received other foodstuffs also, aswell asclothing, money and other bene-
ts, such asfreeadmission to public shows and baths. At the sametime,
every rich man had his own slaves and supported his clientesin various
ways. Other income distribution channels are easily imaginable.

The caseof Rome is unique, but Finley contends that the uniqueness
was only in scale,and that (almost) all ancient cities were consumption
centers that lived essentially on local agricultural resources,taxes, land
rents, commerce and tourism, the contribution of manufacturing being
negligible. %t

This thesis has beensupported by several analytical studies,®? but more
recently it has been contested as well, particularly in view of new and
reevaluated archeological evidence from the early imperial period. %2 For

57Ausonius, Mosellg lines 362—364.In the 1960sthe theory that the poem was an apocryphal
tenth-century invention was put forth, with no serious support, and it was not until the 1980s,
when doubts started to be caston the primitivist case,that it was de nitively abandoned.

%8See[Lewis: MH], in particular p. 114 for the marble saw, pp. 93—105for pestles and trip-
hammers, and p. 8 for an illustration of sixteenth century water-powered ore-crushing stamps.
For an overview of the industrial usesof water power in Antiquity , see[Wikander: IAWP].

%9The expressionis from [Finley: AE], p. 130.

8[Finley: AE], p. 130 (“only in scale”), pp. 122—149(economic role of town and city). Finley
admits the existenceof “exceptional cities” (ibid, p. 194)asaway of shielding his thesisagainst dis-
proof by any given piece of contrary evidence. This is analogous to the already observed technique
of maintaining the nonexistenceof the experimental method in Antiquity in the faceof documented
experiments, on the grounds that thesewere performed only exceptionally.

5lFinley: AE], p. 139.But he includes among income sourcessuch “local resources” assilver and
other metals, premium wines and olive groves (all of which of course depend on transformation
processes)Tourism he considers one of the main sourcesof income for Athens (p. 134).

52For example, [Jongman] for the city of Pompeii and [Whittaker] for the administrative centers
of the northern provinces of the Empir e.

835ee[Mattingly , Salmon].
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example, it appearsthat the town of Thamugadi, founded in 100A.D. and
now called Timgad (Algeria), can hardly fail to be thought of a produc-
tion center, twenty-two small shops for fulling (and perhaps dying) wool
having been found there 8 This may have been an exceptional case,but
it cannot be ruled out that it was instead a typical one, particularly in
northern Africa. A statistical study of surface-level archeological evidence
in Leptiminus (another Punic city, taken by Romein 111B.c., now Lamta
in Tunisia) has shown that this was the site of a lively production in-
dustry — of metal, amphors, sh- and olive-derived goods—very likely
geared toward exports. The authors of the study remark that over fty

sites along the Tunisian coasthave beenfound to be associatedwith such
manufacture, some operating at a very considerable scale,and conclude
that, rather than being exceptional, Leptiminus’ situation re ects a need
to abandon Finley's single model in favor of a model allowing a variety
of economic roles for ancient cities, such as production and commercial
centers®

If not all ancient cities were parasitical “consumer cities”, we should ask
what category the great Hellenistic centersbelonged to.

Alexandria, founded by Alexander in 331B.cC., soon becamethe greatest
city in the known world. Not long before it was conquered by Rome, in
the mid- rst century B.C., it was home to about half a million people.®®
Diodor us Siculus calls it

... the rst city of the civilized world ... certainly far aheadof all the
restin eleganceand extent and riches and luxury . The number of its
inhabitants surpassesthat of other cities.5’

It is hard to seehow such a city could have lived on local produce and
tourism. The possibility that Alexandria, like Rome, was fed by the ex-
ploitation of subjectterritories canbe excluded, sincethe Roman conquest
of Egypt did not plunge its economy into a crisis. Dio Chrysostom, in an
oration probably dating from the reign of Vespasian,saysto the Alexan-
drians:

Not only do you have amonopoly in seatraf ¢ over the whole Medi-
terranean ... but both the Red Seaand the Indian Oceanare in your
reach.... Alexandria is at the crossmads of the world ... asif the
world were an immense market in the service of a single city.®®

&4 wilson: Timgad].

®[Mattingly etal.].

8Seenote 37 on page 252.

®"Diodor us Siculus, Bibliothecahistorica XVII, lii §5,basedon Welles' translation.
%Dio Chrysostom, Orationes xxxii, 36.
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Here is how Alexandria is described as late asthe fourth century A.D.
in a Latin-language letter apocryphally attributed to Hadrian:

Its inhabitants are very factious, arrogant and violent; the city is rich
and prosperous, and no-one is idle. One blows glass,another makes
papyrusinto paper, yet another weaves ax: everyone seemsto prac-
tice a craft. The gouty, the mutilated, the blind, all do something. Not
evencripples live in idleness. Their only god is money, worshiped by
Christians and Jewsand all others. If only this city had better moral
principles. . .5

This anonymous Roman author nds industriousness morally reproach-
able and a sign of a blasphemous yearning for wealth. He seemsvery
irritated at the prosperity of Alexandria.

The city does not seemto have beensigni cantly depopulated even in
late Antiquity . At the time of the Arab conquestthere were still four hun-
dred theaters and other entertainment venues, as well as four thousand
public baths.”

There seemto be only two possibilities, which are not mutually exclu-
sive: Alexandria was either atrade centeror aproduction center. We don't
have enough information for a rm answer,’! but the small amount of
data we do have unanimously point to the conclusion that Alexandria's
vast seatraf ¢ consistedabove all of imports of raw materials and exports
of nished products. We know, in particular, that Alexandria imported
gold, iron, tin, silver, copper and many pharmacological and perfumery
ingredients, while it exported medicines, unguents, perfumes, dyes, fab-
rics, glassware, papyr us paper and metalware.’

The special relationship attested during the early Ptolemaic period be-
tween Alexandria and Rhodes,the main Hellenistic mercantile center, was
apparently basedon the complementarity of the two economies.”®

Fortuitously, we have from Cicero one piece of information regarding
commerce between Alexandria and Italy in the rst century B.c. He talks
of “many ships” that had put in at Puteoli from Alexandria, chock-full of

89Scriptores Historiae Augustae, Firmus Saturninus Proculuset BonosusVIII §§5-7(in, e.g.,Loeb
ClassicalLibrary, vol. 263).

These gur esarein aletter sent by the Emir Amr ibn al-As, the conqueror of Alexandria, to
the Caliph Omar. The letter is preservedin the Annals of Eutychius, a tenth-century patriar ch of
Alexandria; the passagein question is given in [Canfora], p. 83 (p. 92in the original).

"Fraser leans toward the prevalence of trade, but regards the question as open. However he
takesit ascertain that Alexandria's industry was much more developed than can be dir ectly doc-
umented today; see[Fraser], vol. |, p. 143.

"?Much of the available information on Alexandrine trade is collected in [Fraser], vol. |, pp. 132—
188.

3See[Fraser], vol. |, pp. 162—169the complementarity, in particular, is stressedon p. 164.
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paper, linen and glassware—all goods known to be produced in Alexan-
dria. "

Strabo saysthat in his time Alexandria exported much more than it im-
ported, as anyone could notice by comparing how deep-laden the ships
were upon arrival and departure.”

One letter of 258 B.C. is particularly interesting. The author, a certain
Demetrius, perhaps a functionary of the mint, writes to Apollonius, dioe-
cete (chief nancial of cer) of the king Ptolemy Il Philadelphus, about
somedif culty (which we canno longer make out):

The foreignerswho arrive here by sea— merchants,adventurers,and
so on—bring with them good coin of their countries.... They get
furious becausewe don't supply the banks with coins ... so they
can't send their agentsto the countryside to buy merchandise; they
say their gold is resting idle, causing heavy losses’®

The presencein Alexandria, in the time of Philadelphus, of foreign mer-
chantswho went out into the countryside to buy seemsto indicate that at
least at that time Egypt was more of a producer than atrading country.

Josephussaysthat in his time (rst century A.D.) Rome was fed by two
thirds of the crops sent as tribute from Egypt and from the province of
Africa. ”” Now, when Rome's imperial role ran into a crisis, the severance
of political ties with Egypt causedurban life to crumble in Rome, but not
in Alexandria: the two cities had evidently followed divergent economic
paths. One can hardly help seeinga link between Alexandria's econom-
ically active role and its leading part in the development of scienceand
technology.

9.6 The Natur e of the Ancient Economy

Modernist and primitivist thesesare antagonistic also in what concerns
the organization of the economy and of nances in the ancient world. In
his Social& economidistory of the Hellenisticworld, Rostovtzeff discussed
the subjectusing terms such asbourgeoisie,industry, capitalism, industri-
alization of agricultur e, capital investments and credit transfer systems.
Finley, on the other hand, insists on the absencein Antiquity of many
elements,including conceptual ones,that are essentialto today's capitalist
system. He arguesfor the primitive character of the ancient economy and

"4Cicero, Pro RabirioPostumo §§39—-40.
SStrabo, GeographyXVII, i §7.

"®papyrus Cairo Zenon 59021.

""Flavius Josephus,Bellumiudaicum II, xvi, 383.
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its lack of “economic rationality” , stressing,for example, the complete ab-
senceof the notion of amortization, ’® the nonexistenceof long-term loans
for investment purposes’ and even the impossibility of translating the
word brokerinto Greekor Latin. He writes:

The absenceof credit-creating instruments and institutions remains
asan unshaken foundation of the ancient economy.®?

While Finley's observations about the absenceof stock markets and
credit formation institutions are accurate and have played an important
role in suppressing anachronisms, a growing number of scholars now
castsdoubt on the idea that one can characterize an economic system or
a civilization by listing the ways in which it falls short of Wall Street. It is
certainly true that in Antiquity the economic and especially the nancial
sphere had not acquired the commanding position they hold today. People
saw money asone instrument for acquiring tangible goods and power —
things they had fought over for thousand of years even in the absenceof
currency—and had not yet developed the idea (now apparently widely
viewed asan inevitable result of rational thought) that goods and power
are but instruments to make money.

Our knowledge of the economic and legal organization of Hellenistic
states is sadly incomplete. For Ptolemaic Egypt it is relatively less so,
and we know that in that country ancient institutions going back to the
Pharaohswere preservedand merged into a new system, creating a struc-
tur e both composite and organic. This is well illustrated by the legal status
of agricultural land. Much of it was “r oyal land”, cultivated on behalf of
the king. Other areaswere “sacred land”: their utilization was controlled
by the priestly class and provided for the maintenance of the temples.
In addition to thesetwo possibilities, inherited from the Pharaohs' time,
there were two more: private land ownership, which may have been in-
troduced during the Persian domination, and nally “revocable grants”
of land to civil servants,which certainly were a novelty of the Ptolemies.

The production of vegetable oil, linen fabrics, salt and beer were royal
monopolies. The state had a record of all the looms in private homes of
weavers® and after their production quotas were met all looms and oil
presseswere kept under sealto prevent illegal use® The production of

[Finley: AE], p. 116.

[Finley: AE], p. 117.

8[Finley: AE], p. 118.

8lFinley: AE], p. 198.

825ee[Rostovtzeff: PtE], p. 136.

835ee[Rostovtzeff: SEHHW], vol. I, p. 303(looms) and p. 306 (presses).
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paper, too, although not a monopoly, was concentrated to a signi cant
extent in royal factories.

In Pharaonic times a good part of the economic activity was carried
out in temples. An Egyptian temple was not just a place of worship; its
interior contained factories and workshops of various kinds — producing
cloth, oil and beer, for example—and small libraries; some temples also
functioned asplacesof healing. Thus temples were placeswhere all types
of knowledge —religious, technical and medical —were concentrated un-
der priestly control. The Ptolemies respectedthe age-old prerogatives of
the temples. For example, when a monopoly in the manufacture of oil
was intr oduced, temples were allowed to keep their pressesthough only
to make oil for their own use 8

Slavery in the Ptolemaic kingdom did not share at all the importance
and featuresthat it had in Classical Greeceand in Rome 8 Slaveswere
not heavily used either in agricultur e or in mining and quarrying. & The
workers who manned the government presses,too, were free. Nor were
slaves used in the war eet. 8 In sum, we do not know of a single eco-
nomic activity that depended on slavery, an institution that was primarily
domestic in Hellenistic Egypt. We know a fair amount about conditions
in the household of Apollonius, the dioecete of Ptolemy Il we have met
before 272 thanks to a trove of papyri associatedwith Apollonius' chief
aide, Zenon. Thesedocuments show that the dioecete's private household
staff included freemen and women aswell asslaves,both receiving com-
pensation in cash. Some papyri mention complaints from the staff about
payments in arrears®

Privately owned factories, with wage-earning employees, are attested
in Egypt, in many casesdown to the Roman period. Also documented
are wage negotiations between employers and workers® and strikes for
salary raises®

8\We have good information about the oil monopoly becausethe relevant law was found in its
entirety (Pap.Revenud.aws lines 38-56,ed. Grenfell).

8The extent and economic importance of slavery in Ptolemaic Egypt have long beena subjectof
debate. Much information canbe found in [Biezuhska-Ma owist].

83ee for example, [Biezuhska-Ma owist], pp. 81,111.

8[Biezuhska-Ma owist], pp. 81-82;[Casson:SS],pp. 322-328.

87ageepage 260.

83ee for example, P. Cairo Zenon 59028,in which the cithar player Satyra bemoansthe delays
in receiving her earnings.

8 Appr enticeship contracts specifying wages appear for example in Papyrus Oxyr hynchus 275
(A.D. 66),P. Oxy. 724 (A.D. 155),P. Oxy. 725(A.D. 183),P. Oxy. 2977(A.D. 239). Wage negotiations
in the imperial ageare documented in P. Oxy. 1668,for example.

%0papyrus Bremen 63; [Aubert], p. 107;[Minnen], pp. 62-63.
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In Ptolemaic Egypt we encounter for the rst time a central State Bank,
whose businessis to manage the state's nances and to invest public re-
sources, even making loans to private individuals. °* Bank deposits are
very widespr ead, even among artisans and retailers. Among transactions
we seefor the rst time papers transferring sums from one bank account
to another.

To summarize, it seemsthat the use of terms such as bourgeoisie and
capitalism in a situation like that of Hellenistic Egypt is at once reason-
able—given the presenceof elements such as privately owned factories
with salaried employees— and dangerous— given the strong role of the
state, the survival of Pharaoh-era structures, and the lack of certain fea-
tureswe tend to associatewith capitalism, such asa capital market of the
type that arosein modern Europe.

It should be stressed,too, that many of the featureswe have discussed
lasted until Roman times in Egypt, but were never presentin the West-
ern provinces of the Roman Empire, where slavery, for instance, played
a much greater economic role. Geography here seemsto provide a better
basisfor abreakdown than time periods, and not only in terms of the econ-
omy but also regarding other institutions. For example, the possibility of
dissolving amarriage through the wife's initiative, long inconceivable to a pagezss
Roman, is recognized in Egyptian matrimonial contracts of the Hellenistic
period. 92

9.7 Ancient Scienceand Production

The considerations made sofar allow certain conclusions and raise impor -
tant problems.

| think there can be no doubt about the importance that ancient science
and Hellenistic technology could potentiallyhave had for production pro-
cesseshut in assessingthe extent of the applications actually deployed in
Antiquity we must avoid certain traps that lurk in making comparisons,
whether explicit or implicit, with our own age.

In Chaplin's movie Modern Times the tokens of modernity are screws,
gears,transmission belts, valves, steamengines, automata: a smorgasbord
of inventions from ancient Alexandria. How can one say that theseinno-
vations were uselessback then? Yet, though so much of the technology
that made up the movie's factory goesback to the third century B.C., it is
clear that in that century there were no factories like Chaplin's.

9[Rostovtzeff: SEHHW], vol. II, pp. 1283-1288.
92Some marriage, divor ce and repudiation documents from the Hellenistic, imperial and late
ancient periods are collected in [SP],vol. |, pp. 2-30.
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The Western world has experienced since the late seventeenth century
a unique phenomenon in human history, characterized by an exponential
increasein several technological and economic indicators, and the source
of achievements and problems without parallel. (This growth certainly
cannot continue for long at the same exponential pace.) The primitivists
are right in warning us against the pitfalls of “modernizing” Antiquity
by reading into it the accoutrements of modern life. There was certainly
no Hellenistic Industrial Revolution, there were no stock brokers in Alex-
andria and the Mouseion was not the Royal Society On the other hand,
using today's Western world asa sort of universal standard, lumping all
agesother than ours into an undif ferentiated “under developed” category,
can be highly misleading.®® If we think that biology has predetermined a
unique possible path for the human race, culminating in the “economic
rationalism” of today, it may be possible to de ne other civilizations by
how far they are from ours; but human history is much more complex
than that.

The application of scienti ¢ technology to production does not neces-
sarily mark the beginning of the processin which we nd ourselves now,
where technology itself grows exponentially. Having made this clear, |
think it must be agreed that scienti ¢ technology did have in Antiquity
important applications to production. The Mouseion's economic role was
not comparable to that of the Royal Society but that does not mean this
role was insigni cant, nor doesit imply lack of wisdom or foresight on the
part of ancient scientists. The processof exponential development starting
with what is usually called the Industrial Revolution was triggered by a
plethora of economic, social, political, cultural and demographic factors
that we have not yet understood in depth. It is more sensible to try to
gur e out what happened in Europe in the late seventeenthcentury than
to ask why the same thing did not happen two thousand years earlier.
Hellenistic scientic development was violently arrested by the Roman
conquest. We may wish to speculate on what might have happened had
this interr uption not taken place. Nothing authorizes us to conclude that
things would have gone the way they did in seventeenthcentury Europe;
we do know, however, that the recovery of ancient knowledge on science
and technology played amajor role in the modern scienti ¢ take-off (more
on this in Chapter 11).

The data examined so far limn two featuresthat may appear contradic-
tory. Almost all of the advanced technology usedin Antiquity appearedin
Hellenistic times and seemsmore or lessdirectly connected with science.
Even for technological elements attested only in Roman times, such as

%This is stressedin [Greene:TIEP].
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ball bearings,®* one may suspecta Hellenistic origin hidden by a scarcity
of archeological evidence. Moreover the interest of Hellenistic political

rulers and the higher classesin scienceand technology is clear, whereas
in imperial times the sources attest an equally clear lack of interest. Yet
archeology appearsto indicate that the quantitative development of tech-
nological applications, particularly in production, was concentratedin the
early imperial period. How canthis be?

There are at least two possible answers to this apparent contradiction.
The rst is that the archeological evidence may be biasedtoward the more
recent. Thus we have imperial-age remains of water-drainage equipment
from the mines at Rio Tinto, but we know that those mines were already
being exploited by Carthage, and Diodor us Siculus mentions the use of
Hellenistic technology by the Carthaginians in draining Spanish mines.®
Straborecords both the traditional pro ciency of Marsilians with mechan-
ical technology® and Marsilian control over the Rhone estuary,®’ so it
may be speculated that the Barbegal water mills likewise representa pre-
Roman technological tradition that the Romans found it convenient to
keep. Similar examples can be multiplied: one could plausibly conjecture
a Hellenistic precedentfor almost every known Roman technological in-
stallation.

There is, however, a secondpossible answer: that there is no actual con-
tradiction between the timing of inventions and that of their spread. Two
successivecivilizations are not independent, becausethe secondhasasits
disposal the cultural instruments createdby the rst, if their record hasnot
vanished. A logical link between two cultural phenomena, here scienti ¢
development and its technological consequencesdoes not have to imply
synchronicity; one period may be consuming resourcesaccumulated in an
earlier one. The cultural policy of Hellenistic rulers clearly favored tech-
nological reseach and innovationmore than the Roman one (indeed there
are very few technological novelties in Roman times), but the widespead
diffusionof technology already invented requiressomething dif ferent from
reseach. A long period of peaceaccompanied by a heavy scal burden
may have been more effective than the Mouseion ever was at causing an

%Ball bearings and rollers in the shape of cylinders or cones were used to support rotating
trays in ships found in Lake Nemi and dating from Caligula's time; see[Ucelli], pp. 191-195.It
is tempting to think that the rotating room of Nero's domusaureaemployed a similar mechanism.

%Diodor us Siculus, Bibliotheczahistoricg V, xxxvi—xxxvii. According to him, the Carthaginian in-
troduced the use of multiple Archimedean screws in series,while the massive use of slavesdates
from Roman times.

%strabo, GeographylV, i §5.

9’Strabo, GeographylV, i §8.
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increasein production and the application of all available technological
resources.

The Romans were not interested in scienceand favored the legal and
military structures of dominion over technological and economical ones,
but they certainly did not rejectthe bene ts of technology and wealth: they
simply thought that it behooved lowly folks to generatethem and aristo-
crats to enjoy them. Rome found an effective solution for the problem of
acquiring and controlling competent technicians, but not for that of form-
ing them. It was a system based on the exploitation of provinces where,
independently of the central power, atechnological and scienti ¢ cultural
tradition still survived. Together with the crumbling of Rome's political
system came the cultural, economic and technological crumbling of the
West. In the eight century the Venerable Bedewas the greatestmathemati-
cian in what had beenthe Western empire. In his most exacting work he
describesa method for representing numbers with hand gestures. Many
could still do it up to ten: Bede,using a sort of sign language, managesto
go abit further. When this is what a “mathematician” can aspire to, urban
life has already disappeared. In the Eastern empire, where the nexus of
science,technology and economy subsisted, however precariously, things
cameout differently.
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