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Supervisor: Joseph C. Carter

 This dissertation is a first attempt to redefine the study of the agricultural 
territories, or chorai, attached to Greek colonies in the southern third of the 
Italian peninsula (Magna Graecia). In the past 50 years topographers and 
archaeologists have documented numerous anthropic features in these 
territories, such as roads and ditches, so that it is by now generally recognized 
that Greek colonists organized their territories, to some extent, in order to 
increase the efficiency of agricultural and pastoral activity and therefore increase 
the overall productivity of the territories. 
 The existence of “geometric” arrangements of roads and ditches – 
i.e., features appearing in parallel and/or perpendicular sequences – in the 
territories of Metapontion and Herakleia, documented respectively by aerial 
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photographs and inscriptions, has directed most scholarly interest to their 
geometric properties, rather than to their functions and significance. In their 
attempts to explain the often puzzling intervals and orientations of the linear 
features at Metapontion and Herakleia, the geometric arguments have achieved 
a complexity and abstraction that far exceed the knowledge of mathematics 
and geometry – both theoretical and practical – possessed by the Greeks in the 
Archaic and Classical periods. Consequently the question of function(s) has 
been addressed only sporadically, in part because the role of the climate and 
geography of southern Italy has long been undervalued.
 After an examination of the aerial photographic record over the majority of 
the Greek colonies, in order to define the set of potentially organized landscapes, 
and a review of the previous scholarship on the colonial landscapes of southern 
Italy, revealing its strengths and weaknesses, the dissertation assembles the 
evidence for the types of man-made features present in a Greek territory. Then 
the evidence from the two well-documented colonial territories – the aerial 
photographs over the Metapontino and the Herakleia Tablets – is re-examined 
and re-interpreted in the light of ancient geometric knowledge and surveying 
techniques. Geographic and climatic constraints are introduced as significant 
factors in the analysis, which leads to the conclusion that many of the ditches 
at Metapontion and Herakleia served to drain or irrigate the landscape as a 
means of improving its agro-pastoral potential.
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Chapter 1 
 
 
I. Introduction
 

1. The discovery of Greek rural landscape organization 

 

In the wake of the Second World War archaeological research across Europe 

and around the Mediterranean returned to its interrupted course, but it had been 

changed forever: beginning in the late 1940s ancient sites were discovered and 

investigated as much by the application of aerophotographic interpretation as by 

traditional excavation.1 Aerial photography had been invented (and even employed in 

archaeological research) before the First World War, but its use in the early 20th 

century had been constrained by the relatively high cost of the equipment and the 

high level of expertise required to create and interpret the photographs. By the time 

of the Second World War, however, the costs and technical requirements of 

photographic equipment had declined dramatically, so that the Allied and German 

militaries employed aerial photographic reconnaissance on a massive scale, creating 

tens of thousands of high-quality vertical aerial images. Many of these were 

subsequently deposited in national archives, and their availability gave a new 

stimulus to research in ancient topography.2

Italian archaeologists and topographers began to use aerial photographs to 

trace the urban plans of the many Greek colonies founded in southern Italy (Magna 

Graecia3) and on Sicily. Their work, alongside the two unusually well-preserved and 

                                                 
1 See, e.g., Bradford (1957) and Schmiedt (1964). 
2 Piccarreta (2003) 70-72. In the 1950s, for example, a group of Italian archaeologists 
successfully lobbied the Italian government to create a state-funded archive of all aerial 
photographs covering the national territory – the Laboratorio per la Fotointerpretazione e 
l’Aerofotogrammetria or “Aerofototeca,” today part of the Ministry of Culture – for the express 
purpose of documenting and studying ancient sites and monuments and monitoring 
landscape change. On the history of the Aerofototeca see Boemi (2003a). 
3 This study, like the convegno di studi held annually at Taranto (see especially Maddoli 
1982: 12), defines the political and cultural entity “Magna Graecia” as the Italian coastal zone 
beginning at Cumae (in the modern region of Campania), on the central Tyrrhenian coast, 
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extensively excavated cities of Olynthus in northern Greece and Priene in Asia Minor 

(excavated in the late 19th and early 20th centuries, respectively), created a “critical 

mass” of evidence for comprehensive studies of ancient Greek urban planning.4

At the same time, an Italian Air Force general attached to the Istituto 

Geografico Militare (the national cartographic body) and a French topographer 

working at the École Française de Rome made a remarkable discovery in aerial 

photographs covering the territory of the Greek colony at Metapontion (modern 

Metaponto) in Magna Graecia: the orthogonal linear pattern of the urban center’s 

main streets (plateiai) appeared to extend for several kilometers over the landscape 

to the west and southwest – what was once territory belonging to the colony – as a 

series of light and dark parallel linear, scar-like features.5 The coincident alignment of 

the urban streets and the rural linear features suggested to the authors that the latter 

were Greek in origin. 

This conclusion was surprising because, prior to this, only the Romans were 

believed to have intervened so intensively in the landscapes they colonized for 

agrarian purposes between the 3rd century BC and 4th century AD. A typical Roman 

colony consisted of two parts: an urban center replete with all the typical features of 

a self-sufficient settlement (such as a forum, theater, and amphitheater) and a 

relatively flat, open expanse beyond it that was divided into fields for the individual 

colonists to farm. To facilitate the movement of citizens and goods between farmland 

and market, a Roman colonial territory was endowed with a dense network of well-

constructed roads, repeated at regular intervals in a rigid orthogonal scheme, which 

also served to mark the boundaries of the individual fields. The surveying and 

engineering knowledge behind the organization of the Roman colonial countryside 

                                                                                                                                         
and ending at Taras, at the northeast corner of the Gulf of Taranto (in the modern region of 
Puglia). 
4 The two most comprehensive studies of Greek urban planning remain the seminal, but now 
dated, European works, which appeared in the same year: Martin (1956) and Castagnoli 
(1956), both of which were re-issued in the early 1970s – Martin’s in an updated second 
edition (1974), Castagnoli’s in an English translation (1971). Since then, mainly the domestic 
components of Greek urban planning have received comprehensive treatment: e.g., Höpfner 
and Schwandner (1994) and Cahill (2002). 
5 Schmiedt and Chevallier (1959) and (1960) (the latter a condensed re-publication of the 
former, in French). 
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was recorded in the course of several centuries by Rome’s professional surveyor-

engineers, the agrimensores, for the education of future generations and 

perpetuation of the colonial system, achieving codification in the corpus 

agrimensorum preserved via the medieval manuscript tradition.6

At the time of the discovery of the Metapontine lines Roman colonial 

landscape organization was already a well-known subject, due largely to the survival 

of the corpus agrimensorum. The bureaucratic inspiration for the corpus in fact 

reflects the centralized nature of Roman colonization: every colony was sponsored 

by the government in Rome (which also trained and funded the agrimensores) and 

thereafter attached politically to it. Greek colonies, however, were independent city-

states (poleis), so that there was no central authority to establish rules for the 

physical organization of landscapes across the Greek world. Not even the Greeks of 

the Classical and Hellenistic periods, who composed the earliest histories and 

technical treatises, had assembled whatever knowledge of surveying and 

engineering they possessed into one or more manuals on landscape organization (or 

at least no such works have been preserved).7 The discovery at Metaponto 

stimulated the exploration of a new field in ancient topography: Greek rural 

landscape organization. 

 

Beginning with Schmiedt and Chevallier’s pioneering study, a number of 

archaeologists, historians, and topographers have attempted to analyze the form(s), 

function(s), and physical arrangement of the linear features in the Metapontine 

landscape organization in order to arrive at an interpretation of its underlying 

structural principles and purpose, without attempting to understand the phenomenon 

in its full complexity. Further, although these analyses have made many important 

contributions to the subject, they have without exception approached the evidence in 

an uneven and often uncritical manner. Most have seized almost exclusively on the 

physical arrangement of the linear features, wishing to see in it a philosophical or 

mathematical precision and significance, a direct connection to the theoretical 

                                                 
6 Blume/Lachmann/Rudorff (1848); Thulin (1913/1971); Campbell (2000). 
7 Coulton (2002) 150. 

3 



geometry preserved in sources such as the Platonic corpus and the Pythagorean 

tradition. In the process they have largely ignored the scattered but abundant 

evidence of Greek agricultural practices and the limits of ancient science and 

mathematics. The fragmentary textual evidence for Greek colonial ventures, much of 

which mentions the distribution of plots of land to colonial families8, and the 

prevailing interest in the organization of Roman agrarian colonies led to the early 

designation of the Metapontine linear features as “division lines,”9 boundaries of 

individual farmed fields. The term, though still useful (and used throughout this 

study), has enjoyed an undeservedly long life. 

The methodological deficiencies of these early studies may be traced, 

ironically, to the very aerial photographs which led to the discovery of the 

Metapontine lines. Vertical aerial photographs present a planimetric (i.e., “bird’s-

eye”) view of the land, removing the important third dimension (depth/relief) and 

therefore creating the illusion of a perfectly flat landscape. The ancient Greeks could 

only imagine this view through the mythical flight of Daedalus and Icarus. The 

nearest they could come to it was the view from a tall hill or mountain; they 

confronted their surroundings solely from the surface, where the third dimension is a 

constant factor in the decision-making processes of surveyors and planners. Despite 

its obvious merits, the planimetric view naturally and unintentionally limits the 

topographer’s perceptions to the most superficial characteristics of a landscape, 

channeling thought along theoretical rather than practical lines. In effect, the 

approach of modern topography towards the landscape is completely alien to (and/or 

divorced from) the ancient perception of it. 

A significant element of many previous studies is the introduction of evidence 

of organized rural landscapes from other parts of the Greek world. Principal among 

these are (1) the inscribed bronze tablets from Herakleia in Magna Graecia,10 a 

colony located ca. 20km southwest of Metapontion, recording an episode of field-

measurement and -demarcation near the end of Italiote independence; (2) the 4th-

century grid of stone roads and fences covering the territory of Chersonesos on the 
                                                 
8 E.g., the Greek colony at Cyrene: Hdt. 4.159. 
9 Adamesteanu (1973) 52-53, (1970) 235-236, (1968) 253, (1967a) 26, (1967b). 
10 The first thorough study, still mostly unsurpassed, is Uguzzoni and Ghinatti (1968). 
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Black Sea (Crimean Peninsula), discovered in the late 18th century but largely 

unknown until the 1960s11; and, much less helpfully, (3) Greek inscriptions of the 

Archaic-Hellenistic periods, such as the so-called “Pappadakis Bronze” and the 

foundation decree of Corcyra Melaina12, which record the distribution of plots to 

colonists but do not discuss the processes of landscape organization. In these 

cases, too, the approach has generally been desultory, considering only a restricted 

set of evidence and/or a handful of the many aspects of the evidence. 

Just as important, all previous studies have neglected to provide the essential 

bases for their work, such as a comprehensive description of the features typically 

found in an organized landscape, as well as an investigation of the origins and 

purpose/function of landscape organization in the context of Greek society. Without 

these methodological foundations the phenomenon cannot be adequately 

understood. 

 

2. A new approach to the problem 

 

An organized territory represented a significant investment of a state’s 

resources (labor, raw materials, and even money in the form of wages) to modify the 

natural environment for human needs. A primarily agrarian society like most of the 

ancient Mediterranean peoples could rarely, if ever, use a territory in its natural state: 

forests and scrub had to be cleared to create cultivable fields, available water had to 

be trapped or removed to support humans and livestock, and resources had to be 

gathered for the creation of an anthropic infrastructure (such as houses, roads, and 

fences). Landscape organization was, in effect, as much a deliberate societal act as 

a declaration of war or the creation of a constitution, although it usually was a long-

term process. Like a general formulating a plan of battle, a community had to create 

a strategy for the organization of its territory based on its needs and ambitions, 

although the most important factor in that strategy was the topography of the land, 

over which the community had very little (if any) control. Therefore a broad range of 
                                                 
11 See Chtcheglov (1992); Carter (forthcoming) Chapter 3; Carter et al. (2000), esp. 710-711; 
Carter and Mack (2003) 45,120-121. 
12 Asheri (1966); Vatin (1976); Maffi (1987). 
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conditions and considerations – socio-economic, environmental – must have 

influenced the origin and evolution of organized landscapes over time. The body of 

available evidence clearly supports this deduction. 

It is time for a comprehensive and systematic approach to the study of Greek 

rural landscape organization13, one that ties the planimetric evidence of aerial 

photography/topography to the physical evidence of archaeology and the testimony 

of ancient history, epigraphy, and philology, rather than privileging any single class or 

piece of evidence (such as the limited subjects of geometry or land division), while 

simultaneously considering the socio-economic and topographic-climatic conditions 

that the evidence perforce reflects. Using such an approach, this study investigates 

the origins, purposes, methods, and development of rural landscape organization in 

the Greek colonies of southern Italy from the appearance of the earliest landscape 

organization system in the 6th century BC (as will be demonstrated in subsequent 

sections) until the end of Italiote independence following the Roman defeat of Taras 

in 272 BC, in the process seeking to identify principles and concepts that were 

universal in the Greek world or specific to the region in question. It poses and 

attempts to answer numerous questions: 

 

• What did an organized landscape look like – i.e., what kinds of 

features did it contain, how were they arranged, and what 

considerations influenced the arrangement? 

• What, if any, relationship did the organized landscape have with the 

urban center? 

• How did the Greeks use geometry, and what surveying methods were 

available to them? Where did they obtain their knowledge of these 

subjects? 

• What was the interaction between geography/topography and climate 

on rural landscape organization? How successfully did the Greeks 

interact with the natural environment? 

                                                 
13 E. Lepore (1973) and U. Fantasia (1975) were the first to coin the term “organizzazione 
della chora” but did not elaborate on it. 
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The decision to limit the scope of this study to Magna Graecia, despite the 

distribution of some evidence over mainland Greece and other colonized regions, 

stems from several considerations. Because Magna Graecia was densely settled, it 

provides a reasonably large and varied sample of territories (nearly 20) to examine 

(see Section 1.V, pp. 28-42, and the map of Magna Graecia, Figure 1.1). More 

important, Magna Graecia has produced two of the richest sources of evidence for 

landscape organization anywhere in the Greek world, the Metapontine “division lines” 

and the Herakleia Tablets. 

 

The approach advocated in this study is not without difficulty. Some 

researchers have justifiably warned of methodological pitfalls in attempts to define 

general, holistic principles about Greek landscape organization from specific, 

analytical evidence originating in multiple contexts, often quite distant in geographical 

and/or chronological terms.14 But without a large infusion of new evidence (which 

does not appear likely to happen any time soon), I believe, the subject cannot be 

advanced unless the disparate evidence is assembled and evaluated as a body. 

Even if there was no Greek corpus agrimensorum, certainly by the end of the 

Classical period the Greeks had defined a specialized branch of mathematics used, 

among other things, to measure and apportion land for agricultural and residential 

purposes: γεωμετρία (geometria = “land-measurement”), a practitioner of which was 

described as a γεωμέτρης (geometres).15 Aristophanes’ 5th-century lampoons of both 

geometry and geometers in the context of Athenian colonialism clearly presuppose 

their existence and recognizable role in society. In the Birds his contemporary and 

fellow Athenian Meton, a philosopher/scientist, proposes to design a fancy urban 

plan for the soon-to-be-founded aerial city Cloudcuckooland and to organize the sky 

– the city’s “territory” – around it: 
 

Μέτων  Γεωμετρῆσαι βούλομαι τὸν ἀέρα 
                 ὑμῖν διελεῖν τε κατὰ γύας. . . . 

. . . Προσθεὶς οὖν ἐγὼ 
                                                 
14 E.g., Lepore (1973) 46. 
15 As in Pl., Theaitetos 143b, one of the earliest attestations (late 5th th/early 4  century BC), 
and Herakleia Tablet I.187. See also Asheri (1966) 9. 
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τὸν κανόν’ ἄνωθεν τουτονὶ τὸν καμπύλον, 
ἐνθεὶς διαβήτην . . . . 
Ὀρθῷ μετρήσω κανόνι προστιθείς, ἵνα 
ὁ κύκλος γένηταί σοι τετράγωνος κἀν μέσῳ 
ἀγορά, φέρουσαι δ’ ὦσιν εἰς αὐτὴν ὁδοὶ  
ὀρθαὶ πρὸς αὐτὸ τὸ μέσον, ὥσπερ δ’ ἀστέρος 
αὐτοῦ κυκλοτεροῦς ὄντος ὀρθαὶ πανταχῇ  
ἀκτῖνες ἀπολάμπωσιν. 

Πεισθεταίρος    Ἅνθρωπος Θαλῆς. (995-1009) 
 
Meton  I want to measure out the air 

and divide it into fields for you. . . . 
. . . I hold up  
this curved rod and then 
apply the compass . . . . 

  I shall measure with the straight rod, holding it up,  
so that the circle will become a square; in the 
center (there will be) a market, to which will lead 
straight streets, right to the middle, just as the 
rays of a star, being circular, shine straight out 
from it in every direction. 

 Peisthetairos    This man’s a Thales!16

 
In the Clouds Aristophanes has the elderly aspiring sophist Strepsiades interrogate a 

student of the “thinkery” run by the well-known philosopher Socrates:  
 
Στρεψιάδης τουτὶ δὲ τί; 
Μαθητής γεωμετρία.  
Στρεψιάδης τοῦτ’ οὖν τί ἐστι χρήσιμον;  
Μαθητής γῆν ἀναμετρεῖσθαι.  
Στρεψιάδης πότερα τὴν κληρουχικήν;  
Μαθητής οὔκ, ἀλλὰ τὴν σύμπασαν.  (201-204) 

 
Strepsiades What’s this? 
Student  Geometry. 
Strepsiades What’s it useful for? 
Student  Measuring out land. 
Strepsiades  As in colonial lots? 
Student  No – all of it. 
 
 

Not every aspect and issue of so large and often elusive a subject, filled with 

ambiguous and even contradictory information, can be resolved in a study, such as 

this one, which attempts to treat that subject comprehensively. Therefore the more 

                                                 
16 All translations in this study are my own, except where explicitly noted to the contrary. 
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modest goal here is to assemble pieces of evidence for Greek landscape 

organization, great and small, and apply them to the two best-documented cases in 

Magna Graecia, Metapontion and Herakleia, proposing preliminary answers to the 

questions posed on p. 6. 
Dans le développement d’une discipline, il est des moments où une 
synthèse, fût-elle en apparence prematurée, rend plus de services que 
beaucoup de travaux d’analyse, où, en d’autres termes, il importe surtout de 
bien énoncer les questions plûtot, pour l’instant, que de chercher à les 
résoudre.17

 

3. Structure of this study 

 

The remainder of this first chapter is a history of research on organized 

Western Greek landscapes, as well as a review of the most important and direct 

evidence (archaeological, literary, epigraphic, and historical) pertaining to the 

subject, organized by site and/or region, to familiarize the reader with the 

“protagonists” of this study. At the end of the chapter appear three appendices: (1) 

an examination of aerial photographs over the major colonial Greek territories of 

Magna Graecia for the purpose of identifying all examples of organized landscapes 

in the study-area beyond Metaponto, a project that has been proposed in the past 

but never performed18; (2) definitions of some of the most frequently encountered 

and controversial terms in the study; and (3) a brief description of the Greek 

metrological system, which prepares the reader for the discussions of the 

significance of intervals and distances between features of an organized landscape 

in later sections. 

 The evidence for Western Greek landscape organization is reviewed in detail 

in Chapter 2. The observations and conclusions of previous studies of the 

Metapontine landscape are examined; particular emphasis is placed on the 

methodological and logical errors of the earliest studies, which have resulted in 

flawed conclusions, and on the improved methods and information available in the 

                                                 
17 Bloch (1931) vii. 
18 E.g., Schmiedt and Chevallier (1959) 1030. Adamesteanu (1963: 50-56) undertook a study 
of aerial photographs covering a large part of the Ionian coast, but his research was limited to 
the identification of ancient roads. 
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most recent study. Then the evidence for landscape organization at Herakleia 

preserved in the eponymous Tablets is presented. 

 Chapter 3 focuses on geometry and topography. The history of ancient 

mathematics (especially geometry) and surveying are explored first. The 

Metapontine and Herakleian landscape organizations are then re-analyzed in the 

light of both ancient knowledge (mathematics and surveying) and the regional 

topography, in order to gain a better understanding of how the Greek colonists 

interacted with their environment. 

 In Chapter 4 the role of the physical environment of Magna Graecia – its 

geology, geomorphology, and climate – is introduced and integrated into the results 

from Chapter 3, leading to a new functional interpretation of the Metapontine 

“division lines.” 

 Chapter 5, the conclusion, presents the most important results of the study, 

identifies questions and subjects that require further investigation, and indicates 

directions for future research in Greek landscape organization. 

 

 
II. The Evidence for Rural Landscape Organization in Magna Graecia: An 
Overview and History of Research 
 
1. Metapontion 

 

Though the Herakleia Tablets were discovered two centuries before the 

Metapontine “division lines,” the latter were the first physical signs of rural landscape 

organization to be identified in Magna Graecia and have remained the only physical 

evidence, so that they have received by far the most attention. 

Schmiedt and Chevallier identified and described most of the salient physical 

features of the Metapontine organization, leaving subsequent scholars the tasks of 

interpreting its structure and function and fixing its exact chronology (Figures 1.2-

3).19 The “division lines” ran northwest/southeast in the fertile coastal plain and on 

                                                 
19 Schmiedt and Chevallier (1959) 997-1006. 
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the Pleistocene marine terraces which step up and away from the coast, north and 

west of the colony, beginning on the southern side of the Bradano (ancient 

Bradanus) River and extending as far as the Cavone (ancient 

Acalander/Alcandara/Alacander) River. The “lines,” as illustrated in Schmiedt and 

Chevallier’s plans, cut across an area ca. 10km in length (i.e., in the northwest-

southeast orientation) and ca. 17km in width, covering a total of ca. 11,200ha, which 

they interpreted as the extent of the Metapontine chora. Observing the significant 

divergence in orientation between the linear features north of the Basento (ancient 

Casuentus) River, the middle of the three rivers crossing the Metapontino (as the 

region around Metaponto is currently known), and those south of it, they suggested 

that the Basento was a natural “hinge” for the landscape organization because of its 

role in antiquity as the primary navigable artery into the mountainous hinterland of 

Lucania, essential for commerce.20

Schmiedt and Chevallier dated the “division lines” generally to the period of 

Greek settlement (7th-3rd centuries BC) because, they suggested, the “lines” had 

caused runoff from rainfall to erode the marine terraces (in places prodigiously so), 

for them a sign of great antiquity21, and because “Metapontum” (the settlement’s 

Roman name) does not appear in the Roman colonial catalog, the Liber coloniarum 

(“Book of Colonies”) – had Metapontum received a Roman agrarian colony, they 

assumed, the landscape would presumably have required an organization along 

recognizably Roman principles (see above, pp. 2-3).22 Yet the Roman colonial model 

was clearly a subconscious influence on Schmiedt and Chevallier’s thinking: the 

                                                 
20 Folk (1982) has subsequently demonstrated that the divergence is in fact a function of the 
underlying geological structure. 
21 The relationship between the “division lines” and the modern hydrography of the 
Metapontino is addressed in a later section of this study. 
22 The Romans did in fact plant a military garrison inside Metapontum in the 3rd century BC – 
a classic Roman “castrum” (fortified camp) was eventually detected in aerial photographs and 
subsequently excavated (De Siena and Giardino 1994: 199-202). Nevertheless there was no 
colony: field survey in the Metapontino has confirmed that there was no influx of new 
colonists after the loss of independence, but rather a gradual decline in the rural population 
(see Carter and Prieto, forthcoming). More importantly, excavation has since provided firm 
proof that the “division lines” are a Greek creation – see pp. 19-20 below. 

The Liber coloniarum is reproduced in Blume/Lachmann/Rudorff (1848) 209-266 and 
Campbell (2000) 164-203, with the Lucanian colonies listed on p. 209 and p. 165, 
respectively.  
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parallel repetition of the lines led them to describe the lines as limites, the Latin term 

for a boundary separating adjacent fields in a colonial territory.23 In effect they 

ascribed the origin of the Metapontine features to a division of the land into units – 

individually held plots – as in a Roman colony (“una sistemazione molto antica di 

carattere agrario”). They were no doubt influenced also by the few Classical Greek 

epigraphic texts recording the distribution of κλήροι (kleroi – lots) to settlers upon the 

foundation of a new colony, like the Corcyra Melaina inscription.24 Thus was born the 

term “division lines.” 

A brief (ca. 20 hours total) personal inspection of the surface in various 

localities enabled Schmiedt and Chevallier to consider very briefly the third 

dimension (relief) and make the observations (critical, as this study demonstrates) 

that the “division lines” follow the direction of greatest natural declination across the 

landscape (i.e., from northwest to southeast) and “the division system was destined 

to disappear as soon as the network of ditches in which the water flowed toward the 

sea was no longer maintained in perfect condition.” They therefore implicitly 

identified the “division lines” as ditches for carrying water towards the sea but did not 

consider what would have been the purpose of moving water around the landscape. 

This study expands upon Schmiedt and Chevallier’s intuition to reveal how the 

relationship between hydrography and topography is actually the key to 

understanding the “division lines.” 

From the work of Schmiedt and Chevallier A. Giuliano concluded that the 

rural landscape organization at Metapontion was perforce contemporaneous with the 

foundation of the colony (and consequently the creation of the urban organization). 

Only immediately upon foundation was the colony’s social and political form 

malleable enough for so large and labor-intensive a project as the “division lines,” he 

thought.25 (With the founding of the city dated – at the time – to the early 7th century 

BC, the Metapontine landscape organization would have been by far the oldest such 

                                                 
23 OLD. 
24 SIG3 I.141. 
25 B. Bilinski (1968: 318) called this the “village” phase of colonial settlement, before 
urbanization of the asty. 

12 



system preserved in the Greek world.26) Giuliano furthermore proposed a twofold 

function for the “division lines”: (1) as canals to channel and drain the torrential 

water-flows created by snow melting high in the mountains and by sporadic spring 

and summer rainstorms over the coastal plains, which flooded the rivers and streams 

and thus eroded the land’s natural fertility; and (2) as field- boundaries, reflecting an 

original egalitarian division of the landscape into lots.27 L. Quilici expanded upon 

Giuliano’s idea, associating the drainage role with the large-scale land-clearing and 

deforestation that would have preceded the agricultural “boom” in the Metapontino: 

the loss of the water-deflecting and water-absorbing groundcover required the 

implementation of an artificial solution to remove pluvial runoff.28

 

Schmiedt and Chevallier’s study had demonstrated the utility of aerial 

photography, but it lacked the empirical data from the surface – “ground-truthing” – 

needed to formulate anything more than general conclusions. (They did not, for 

example, provide any evidence to support their claim that the “division lines” carried 

water in antiquity.) Therefore in 1966 D. Adamesteanu, then head of the 

Soprintendenza Archeologica della Basilicata, launched an ambitious program of 

excavation in the Bradano-Basento zone, involving all major types of rural sites 

(farmhouses, cemeteries, sanctuaries, and kilns), to gather information for dating the 

landscape organization and determining its relationship to rural sites.29

                                                 
26 Excavations have since dated the foundation of the asty (and hence the foundation of the 
colony proper) to the late 7th century (De Siena 1999: 227-232). 
27 Giuliano (1966) 45-49. See also Castagnoli (1968) 124. Giuliano was clearly an “armchair” 
topographer: Schmiedt and Chevallier did not observe “division lines” in the river valleys, and 
snowmelt in Basilicata feeds only the rivers and very few major streams (none of which flows 
across the elevated plains). 
28 Quilici (1967) 210, an inspired idea that is in many ways supported by subsequent 
geomorphological research – see Chapter 4. 
29 Adamesteanu (1973) 51-52, (1970) 234. Schmiedt and Chevallier (1959: 1000-1004) had 
noted that the “division lines” appeared on the aerial photographs with particular clarity and 
density in precisely the localities (e.g., Bufalara, Masseria Furlò/Cardillo, San Salvatore, San 
Teodoro) where, in the 1880s, the dilettante archaeologist M. Lacava (1891: 91-92, 330) had 
reported observing dense remains of “villas” and “rural villages” (surface concentrations of 
stones, roof-tiles, and household ceramics) – what are now understood to be groups of Greek 
farmhouses, really more “hamlets” than “villages” (Adamesteanu and Vatin 1976: 117). 
 The various kinds of Greek sites in the Metapontino are treated in Carter and Prieto 
(forthcoming). 
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The first substantial publication deriving from this project was written by the 

archaeologist-topographer G. Uggeri.30 Although invited to the Metapontino by 

Adamesteanu primarily to excavate Greek farmhouses in several areas of the chora, 

Uggeri spent much of his lengthy sojourn in the area exploring the unusually site-rich 

Pezzica/Pizzica locality, on the lowest of the marine terraces ca. 3km west of the 

asty (Figure 1.4). His work radically changed the direction and emphases of the 

debate on the Metapontine landscape organization by introducing a variety of new 

evidence from the ground. 

Uggeri’s topographic training led him to critical discoveries about the “division 

lines.” He concluded without hesitation that they were ancient drainage ditches, 

agreeing with Schmiedt and Chevallier’s working hypothesis but relying instead on a 

personal observation that the features had the form of ditches and carried rainwater 

off of the low Pizzica terrace.31 He noted furthermore that many of the “division lines” 

were flanked sporadically by Greek tombs and entire necropoleis, the remains of 

which were being brought to the surface at an alarming rate by mechanized land 

reclamation and agricultural work. The association of tombs and “division lines” 

would eventually be recognized as the most reliable chronological criterion for the 

territorial structure (see below, pp. 19-20). 

Uggeri also added several critical refinements to Schmiedt and Chevallier’s 

plan of the Metapontine organization (Figure 1.5). First, he revised its maximum 

length between the Bradano and the Basento to ca. 15.5km from the asty. Second, 

he observed that shorter “division lines” were found on the northern edge of the 

Bradano-Basento area, overlooking the Bradano, because of the greater geological 

dissection of the landscape there; longer “division lines,” on the other hand, were 

common at the center of the area, where the marine terraces were flattest and least 

dissected by natural drainage channels. Third, and perhaps most importantly, he 

claimed to have noted transverse “division lines” in the aerial photographs crossing 

the “longitudinal” lines at right angles; in this he was perhaps influenced by the 

orthogonal territorial organization scheme at Chersonesos in Crimea (see below, pp. 
                                                 
30 Uggeri (1969). 
31 Adamesteanu (1968: 254-255) was more circumspect, preferring to note that many of the 
“division lines” in the Basento-Cavone zone functioned as drainage channels in the present. 
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26-27), and certainly his transverse features fuelled the scholarly obsession with the 

geometric aspect of Greek landscape organization.32 Fourth and finally, he noted that 

the intervals between longitudinal “division lines” in either half of the Metapontino 

were not all equal, as Schmiedt and Chevallier’s work had indicated, an observation 

later confirmed by more rigorous photogrammetric studies (see below, pp. 132-134). 

The second half of Uggeri’s publication addressed chronology and function. 

To Uggeri the small fields formed by the intersecting “division lines” reflected the 

subsistence farming practiced by Greeks in the Archaic period, when families grew 

most everything they needed for their own consumption and produced a small 

surplus for sale. He consequently concluded that the “division lines” preserved the 

field-boundaries of the original Archaic colonial partition of the chora, when each 

colonist was putatively given his lot, which he dated using evidence from the earliest 

excavated farmhouses in the chora (primarily the presence of “Ionian cups,” an 

Archaic ceramic form associated with domestic contexts) to ca. 560 BC. In a 

subsequent period, he suggested, the simple field-boundaries were replaced by 

drainage ditches to remove excess water. The ditches were the result of 

accumulated experience of the land: the settlers observed that pluvial runoff did not 

drain easily on the Metapontine soil, especially because of the chronic aridity of the 

region (which formed an encrusted surface), leaving a high water table and creating 

malarial conditions. Since all of their crops needed a water table no higher than 

approximately 0.8-1.0m below the surface to survive (otherwise they suffered from 

rot), the settlers eventually created massive drainage works. The original Archaic 

field-boundaries (represented by the “division lines”) remained largely stable during 

the interval between initial distribution and reclamation because of the “rigid 

transmission of the family lot to the child.”33

                                                 
32 Adamesteanu (1973: 59-60) later recognized similar transversely oriented features – 
“piccoli valloni trasversali” – but hesitated to identify them as anthropic rather than natural. 
Uggeri’s transverse lines, for which he gave detailed topographic and geographic positions, 
have been found to correspond in no way to the real transverse features, one of which was 
excavated in 1999 (see p. 20 and p. 74 below). 
33 Some of Uggeri’s ideas are substantiated in the course of this study, others not (see 
Chapter 4). 
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For the re-organization of the landscape Uggeri arrived at the remarkably 

precise date of 466 BC, less precocious but still relatively early, relying principally on 

the series of Metapontine double-relief coins depicting Acheloös, a fluvial divinity 

often associated (according to Uggeri) with land reclamation through drainage.34 He 

then attempted to fit his conclusion to the tradition of the mathematical researches of 

Aristeus, a Crotoniate disciple and the adopted son of Pythagoras as well as a 

devotee of Apollo, who was (again according to Uggeri) later confused by the Greek 

historian Herodotus with Aristeas of Cyzicus, the mysterious figure reputed to have 

disappeared in Asia and reappeared several generations later in Metapontion at the 

behest of Apollo.35 Uggeri located Aristeus in a group of 5th-century Italiote and 

Siceliote philosopher/scientists capable of contributing to knowledge of land 

reclamation, most notably Empedocles, and the “Aristeus’” project in a broad Greek 

land-reclamation trend of the Classical period, mirrored in alleged projects at 

Selinous and Camarina in Sicily, and possibly at Acragas and Sybaris as well.36 (The 

“expertise” of such theoreticians, however, was unnecessary for such undertakings, 

as this study shows.) 

Despite the topographic observations of Schmiedt and Chevallier and Uggeri, 

Adamesteanu saw the Metapontine “division lines” exclusively as boundaries 

marking the fields of the individual Greek colonists and believed them to be 

associated with the remains of the ancient rural sites (farmhouses and cemeteries) 

rather than with the local topography.37 In a programmatic paper presenting the 

research questions and preliminary results of his multi-year excavation project38, he 

concluded that the territorial organization was created in the first half of the 6th 

century BC, based on the early 6th-century date of both the earliest known 

farmhouses and the numerous tombs alongside one of the “division lines.” His 

                                                 
34 The introduction of the series has since been down-dated to the 440s BC (Noe and 
Johnston 1984: 104). 
35 Hdt. 4.13-15. 
36 See Fantasia (1999) for a review of the evidence from Greece proper. 
37 Adamesteanu (1973) 52-53, (1970) 235-236, (1968) 253, (1967a) 26, (1967b). 
38 Adamesteanu (1973). 
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parallel excavations in the asty dated the foundation of the colony approximately half 

a century earlier.39

 
In 1970 Adamesteanu opened up the Basento-Cavone zone to 

archaeological exploration as a complement to the activities on the northern side of 

the Basento. At his invitation, R. Chevallier returned to the Metapontino with a small 

French topographic team to survey a ca. 12km2 rectangular area along the eastern 

edge of the zone, where the preservation of the “division lines” was particularly good, 

vehicular access was easy, the terrain was varied, and nothing about the sites was 

known.40 In 13 days, using a systematic and precise methodology, this group and 

several local contributors41 discovered and positioned nearly 100 ancient (and 

predominantly Greek) sites; these were located generally in close proximity to the 

“division lines” (especially the Greek farmhouses), as in the Bradano-Basento zone, 

and thus reinforced Adamesteanu’s belief in a chronological connection between 

rural settlement and landscape organization. (At the same time Chevallier proposed 

that the region’s strong tendency towards erosion had deepened many of the 

“division lines” into full streams, echoing the ideas of Schmiedt and Chevallier and 

Uggeri.42) 

                                                 
39 Adamesteanu (1974) 22-24. He eventually (1974: 88-89) came to agree with Uggeri’s 
conclusions and put the date for the creation of the landscape organization slightly later, to 
ca. 550 BC, with the need for a certain degree of reorganization for drainage in the 5th 
century commemorated in the Acheloös coins. 
 Favory (1983: 100-102) also arrived at an early 6th-century date for the Metapontine 
landscape organization, albeit by a different logical route: he emphasized the near-
contemporaneous appearance of numerous significant sites in the Metapontino in that period, 
such as the monumental sanctuaries at San Biagio and the Tavole Palatine, the phrourion 
(fortified outpost) at Cozzo Presepe, and the earliest farmhouses. For Favory, 
Adamesteanu’s argument for a chronological relationship between the “division lines” and the 
farmhouses because of spatial proximity was contradicted by the apparently random spatial 
distribution of the farmhouses. (Vatin shared Favory’s hesitation to conclude chronological 
proximity from spatial proximity, even while he worked with Adamesteanu: Vatin 1974: 277, 
Adamesteanu and Vatin 1976: 117.) 
40 Chevallier (1971). 
41 J.C. Carter, pers. comm. (2005). 
42 So Schmiedt (1970), too, in the same year attributed the dissection of the marine terraces 
at Metaponto to the infilling and overflowing of the division lines after the large-scale 
abandonment of the chora at the end of the Greek period. Geomorphologist J.T. Abbott (pers. 
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The success of the French topographic mission prompted Adamesteanu to 

extend the survey over the entire chora of Metapontion, with the purpose of 

recording all known archaeological features – “division lines,” farmhouses, tombs, 

kilns, and sanctuaries – on a single large-scale topographic map so that their spatial 

relationships could be analyzed with greater precision and accuracy. Adamesteanu 

commissioned the creation of a map of the Metapontino from aerial photographs at a 

scale of 1:10,000.43 The project was entrusted to a French team from the Institute of 

Mediterranean Archaeology at the University of Aix-en-Provence, headed by C. 

Vatin, which recorded the locations of more than 700 sites. The first product of this 

new collaborative effort was an article co-written by Adamesteanu and Vatin44, in 

which Adamesteanu presented a topical overview of the wealth of new 

archaeological information gained from his archaeological researches in the 

Metapontino over a period of a dozen years, while Vatin, using the results of the 

cartographic work, proposed a major reinterpretation of the landscape organization, 

concentrating mostly on its chronology and geometry (Figure 1.6).45

Vatin argued, first, that attempts (like Adamesteanu’s) to date the system by 

the age of the earliest sites were futile because of the poor statistical reliability of the 

relatively small number of documented sites, and because of the (at the time) still 

problematic Metapontine ceramic typology and chronology. Without better evidence 

the organization of the Metapontine territory had to fall between the mid-6th and the 

mid-3rd centuries BC – in other words, the lifespan of the independent Greek colony 

(as it was then dated).46 Even more importantly, Vatin asserted that the system was 

not the simple orthogonal geometric entity assumed by Schmiedt and Chevallier and 

Uggeri; it was, in fact, highly irregular in structure and represented more than one 

                                                                                                                                         
comm. 2004) agrees that the erosion is post-antique, and in a later chapter this study 
demonstrates the connection from a topographic perspective. 
43 Adamesteanu (1972) 451. The maps were prepared by the photogrammetry/mapping 
agency E.S.A.C.T.A. in Rome (now defunct) from photographs taken in 1967-1968, with 
funding from the Cassa per il Mezzogiorno (Adamesteanu 1964: 286). On E.S.A.C.T.A. see 
Boemi (2003c) 39. 
44 Adamesteanu and Vatin (1976). 
45 Adamesteanu and Vatin (1976) 117-123. 
46 See also Vatin (1974) 277-278. 
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act, and more than two systems, of territorial organization. (Vatin’s elegant – and 

exaggerated – geometric treatment is discussed in detail on pp. 54-56.) 

The recent study by M. Guy, a French photogrammetrist-topographer and 

expert in Greek and Roman landscape organization, is a serious reappraisal of the 

Metapontine territorial structure.47 Guy introduces a hitherto unimagined complexity 

and “layering” to the “division lines,” with multiple territorial schemes overlapping 

across the Basento (Figure 1.7); in each set of “division lines” he sees a unique 

geographic orientation, geometric interval, and (presumably) date. Guy’s work is 

more technical than interpretive, focusing almost exclusively on the geometric and 

mathematical principles of Greek landscape organization at Metapontion, Herakleia, 

and elsewhere. He attempts to discover a hypothetical mathematical “harmonic” 

interval employed by the Metapontine land surveyors (whether base-6, base-10, 

base-12, and so on) and, consequently, the length of the basic surveying unit in use 

at Metapontion (see Section 1.VII, pp. 46-50). His results and conclusions are 

contested in the course of this study. 

In the excavation of the large Greek rural necropolis at Pantanello, ca. 3km 

west of the asty, J.C. Carter of the University of Texas at Austin’s Institute of 

Classical Archaeology (ICA) discovered and documented one of the most 

remarkable pieces of evidence for the Metapontine landscape organization to date: a 

rural crossroads formed by a “division line” and an ancient road linking the asty to the 

Basento valley (Figure 1.8).48 Carter excavated sectional trenches across both the 

“division line” and the “Basento Road,” providing the first scientific documentation of 

their form and composition. Just as importantly, the ceramic evidence from the 

earliest intact tombs along the “division line” at Pantanello finally provided a firm 

terminus ante quem for the territorial structure as a whole: the majority of the tombs 

along the “division line” were found to be aligned with it (confirming Uggeri’s 

insistence on the importance of tombs for determining the structure of the 

Metapontine landscape organization), and the earliest tombs dated to ca. 480 BC 

(with the ceramic evidence from destroyed tombs indicating perhaps an even earlier 

                                                 
47 Guy (1995). 
48 Carter (1998a) 33-46. 
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date). Carter also reported the Soprintendenza’s discovery and excavation of a 

second “division line” in the vicinity of Pantanello, three intervals further north (Figure 

1.9). Carter’s discoveries are key elements in the interpretation of the Metapontine 

landscape organization presented in this study. 

The most recent evidence for landscape organization in the chora of 

Metapontion has been discovered by ICA and the Soprintendenza per i Beni 

Archeologici in Basilicata during the planning and construction of buried petroleum 

and methane pipelines which cross the entire Metapontino. In 1999 a joint ICA-

Soprintendenza team excavated two small rural necropoleis flanking the intersection 

of a longitudinal “division line” and a transverse “division line” in the Pizzica locality 

(the area explored by Uggeri) – the first such transverse feature to be documented 

archaeologically (Figure 1.10). Just a few meters north of the intersection, a third 

linear feature was discovered branching out from the longitudinal “line” at an angle 

that bears no apparent geometric relation to the main “division lines.”49 Excavations 

conducted by the Soprintendenza in 2000-2002 have uncovered more traces of 

“division lines” and associated necropoleis on the slopes overlooking the Bradano 

River valley, at Pizzica, and on the marine terraces immediately south of the Basento 

River.50 This new data is examined in subsequent chapters. 

 

2. Herakleia 

 

 In 1732 three large fragments of bronze plaques were recovered from an 

undocumented location in the valley of the Cavone River, ca. 11 km north of 

Herakleia (Figure 1.11).51 Once properly reassembled (in the National Archaeological 

Museum of Naples, where they are still displayed), the fragments formed two 

                                                 
49 Carter (1999) 23-24, (forthcoming) Chapter 3; Carter/Thompson/Trelogan (2004) 133-136; 
Nava (2000) 680-688, (2004). 
50 De Siena (2003); Nava (2004), (2003a) 664-676, (2002) 731-743; (2001) 944-950. 
51 Strabo (6.3.4) mentions that the adventurer-general Alexander the Molossian (d. 330BC), 
while conducting military operations on behalf of Taras against the encroaching Italic 
peoples, urged the Greek cities of the Taras-dominated Italiote League to build a fortified 
meeting-place on the Acalander (modern Cavone) River, in the territory of Herakleia, the 
political center of the League – perhaps this was the site from which the Tablets originated, a 
meeting-place and repository of public records (see Coarelli 1998: 283-284). 
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plaques, the first complete and the second incomplete, bearing inscriptions in Greek 

with a later Latin text on the reverse.52 The Greek inscriptions record in detail two 

occasions on which the demos and magistrates of Herakleia reclaimed state-owned 

lands in the Akiris (modern Agri) River valley, nominally entitled to the divinities 

Dionysos and Athena, from illegal occupation and subsequently re-measured and 

leased them to individual citizens. The “Herakleia Tablets” (as they have come to be 

known) are unique among Greek juridical texts because they contain the most 

detailed textual description of an organized landscape anywhere in the Greek world, 

one of the earliest of its kind.53 Their provenience in the heart of Magna Graecia 

makes them particularly valuable for this study, although they must be treated with 

caution because Herakleia was an ethnically mixed colony created in a complex 

political environment.54 The political, social, and economic conditions described and 

implied in the Herakleia Tablets are those of a single colony, but they contain much 

that is potentially applicable, with adjustments, to local conditions in other colonies, 

including neighboring Metapontion. 

The date of composition of the Tablets is generally agreed as the late 4th 

century BC at the earliest, towards the end of Italiote independence, based primarily 

on certain linguistic characteristics of the texts. The essentially Ionic alphabet 

(though retaining Doric Ϝ and initial aspirate h-) and numerous Attic-Ionic spellings 

indicate that the Tablets were composed at a time when the Attic dialect was already 

well on its way to becoming the basis of the koine spoken throughout the Greek 

world, a position achieved in the western colonies by the late 4th century BC at the 

earliest.55 Given the apparent independence of the colony in the inscriptions, a 

                                                 
52 The Greek inscription is IG XIV.645. The Latin inscription, a lex Iulia municipalis passed ca. 
46 BC, is CIL I.206/I2.593 (ILS 6085). The full Greek text and my original English translation 
can be found at the end of this study as Appendix A. 
53 The Larisa inscription (Salviat and Vatin 1974), from Thessaly in Greece, is frequently 
mentioned in the context of Greek landscape organization, but it is in fact only a record of the 
sizes and owners of land-holdings and contains no information directly pertinent to landscape 
organization. 
54 Herakleia was founded by Laconian (Doric) Taras in ca. 433 BC on the site of Siris, a 
colony founded by Ionian Greeks, therefore between Achaean Metapontion and the pan-
Hellenic – but decidedly Athenian (Ionian) – colony at Thourioi, which had been founded a 
decade earlier on the former site of Achaean Sybaris. 
55 Buck (1955) 175-178 §277-278; Uguzzoni and Ghinatti (1968) 76-77. 
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reliable terminus ante quem for their composition is suggested by the failure of the 

expedition of Pyrrhus of Epirus against the Romans (280-275 BC) and the 

subsequent Roman conquest of Magna Graecia in 272 BC.56

 

History has put Metapontion and Herakleia in the unique position of 

neighbors offering opposite and complementary kinds of evidence. In the case of 

Herakleia, the ancient prescriptions for landscape organization remain without the 

physical evidence, whereas at Metaponto what remains are the undocumented 

physical traces. 

 

3. The “Metaponto effect” 

 

 At the 1987 Convegno di Studi sulla Magna Grecia, dedicated to historical, 

archaeological, and socio-economic research on Poseidonia-Paestum, a group of 

French and Italian archaeologist-topographers announced the discovery, via the 

study of aerial photographs and satellite imagery, of what appeared to be an ancient 

Greek landscape organization scheme east of the asty that was generally very 

similar to the Metapontine system.57 The excitement generated by this news quickly 

dissipated, however: the “Greek” territorial structure at Poseidonia-Paestum was 

never confirmed on the ground and was soon eclipsed by the discovery of features 

                                                                                                                                         
 Some historians (e.g., Petrocelli Gravina 1976: 41) have linked a clause defining the 
juridical status of the sacred lands in time of war (Tablet I.152-154) to the violent military 
activities that ravaged Magna Graecia beginning in the second half of the 4th century BC, 
when the semi-Hellenized Lucanians started to exert military pressure on the Greek colonies, 
which responded by summoning Hellenic and Hellenized kings and mercenary warlords to 
their defense. The existence of similar clauses in other leases (e.g., IG XII/7.62[SIG3 
III.963].13-17, IG II-III2/1.1241.14-16, IG II-III2/2.2492.12-14; see also Hanson 1998: 10) 
suggests that this type of clause was generic and common, intended to guarantee the status 
of the land in question in the event of a civil disruption such as a military crisis, all too 
common in virtually every part of the Greek world. However, the fact that these contracts 
were recorded in places and periods subject to persistent military activity supports an 
argument that the clause in Herakleia Tablet I is a genuine reflection of the conditions 
prevalent in the late 4th and early 3rd century BC in Magna Graecia. 
56 Uguzzoni and Ghinatti (1968) 98-99. Ghinatti and Celato (1968-1969: 206-211) tie the 
Tablets to the relative peace and stability of the post-Pyrrhic period, but this flies in the face 
of the war-clause mentioned above. 
57 Delezir and Guy (1988) 467-469; Greco (1988) 489. 
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belonging to an early Roman colonial landscape organization just north of the asty.58 

The “Greek” system has since disappeared from the archaeological literature.59

M. Osanna reports a claim by the Soprintendenza archeologica in Calabria to 

have discovered traces of an orthogonal “division system,” based on east-west roads 

forming rectangular units of uneven length and width, in the chora of Croton 

(specifically, near the new airfield in the Sant’Anna locality, ca. 3km northwest of 

Isola Capo Rizzuto and ca. 10km south/southwest of Crotone).60 The case is 

anything but solid: Osanna does not describe, even minimally, the physical nature of 

the evidence upon which the Calabrian archaeologists based their interpretation (he 

clearly implies that the “landscape organization” is Greek, not Roman), and his article 

remains the only source for the discovery – curiously, the forthcoming publication by 

A. Ruga61 which he cites as “in press” (in 2000) has yet to appear, nearly five years 

later. Even more curiously, no mention of this discovery has ever appeared in the 

Soprintendenza’s annual report of its activities presented at the Convegno di Studi 

sulla Magna Grecia in Taranto, in any year between 1991 and 2002. This discovery, 

if verifiable, would contrast with the highly irregular farmhouse distribution patterns in 

other parts of the chora of Croton previously documented by an ICA field survey.62

Several topographers have scoured aerial photographs and the Herakleian 

landscape to locate the features of the organizational scheme described in the 

Tablets,63 with results that invariably do not accommodate all of the information 

contained in the Tablets themselves. Others have claimed even to see Metapontine-

style “division lines” on the low marine terraces to either side of the Agri River in the 

                                                 
58 See Gasparri (1989), (1990), and (1994). 
59 Guy (1995: 439-441) later reinterpreted the evidence to suggest that Poseidonia-Paestum 
demonstrates the influence of Greek surveying practice in early Roman colonization. 
60 Osanna (2001) 217-218. 
61 "Ricerche nella chora meridionale: insediamenti nell'area di un aeroporto militare. 
Prospezioni e scavi", in R. Spadea, ed., Crotone e il suo territorio: aggiornamenti e nuove 
ricerche (Atti del Convegno di studi, Crotone, 3-5 marzo 2000). 
62 On the ICA field survey in the chora of Croton, see Carter and D’Annibale (1993) 93-99 
and (1985) 153-156; also D’Annibale (1990), esp. the maps on pp. 9-10 which show a 
hypothetical organizational scheme superimposed on the territory based on the positions of 
sites. The proposed scheme is not orthogonal. 
63 E.g., Quilici (1967) 182-185; Ghinatti and Celato (1968-1969); Guy (1998). 
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chora of Herakleia64, but these features have not been thoroughly investigated or 

documented in any publication, nor have they attained currency in the relevant 

scholarship. 

The “Metaponto effect” has achieved arguably its most extreme form in Sicily. 

At Camarina Italian archaeologists have claimed to see a rural landscape-

organization scheme in an imaginary line, drawn between two excavated 

farmhouses, which appears to coincide with the orientation of the urban grid65; they 

date this “organization of the territory” to the mid-5th century BC on the assumption 

that it reflects a “democratic redistribution” of land after the fall of the tyranny at 

Camarina.66 They furthermore associate a long stone-lined canal and a shallow 

water-collecting basin/reservoir with the “5th-century Greek division system,” but the 

presence of a mortar facing in the canal instantly brands it as Roman or – charitably 

– late Hellenistic and casts doubt upon their interpretation as a whole. Likewise, 

archaeologists at Himera argue that the pattern of Archaic and Classical farmhouse 

distribution in the chora was affected by a landscape-organization system but 

provide no evidence.67

 The above are classic examples of the “Metaponto effect” in action. In each 

case one or more linear features apparent from the air or on the ground has 

triggered a search for a larger geometric organizational principle, but not once have 

these scholars explained (or even asked themselves) what the features may have 

been, judging from the evidence available from other Greek colonies, epigraphy, 

literature, history, and a consideration of the local topography. This is a misleading 

and counterproductive approach, which this study hopes to discredit. 

 

 

                                                 
64 Quilici (1967) 179-186; Ghinatti and Celato (1968-1969) 196; Bianco (2001) 812, who 
considers them a Metapontine intrusion. 
65 Di Stefano (2001) 700-704. 
66 Reported in Thuc. 6.5.3, Timae. 59G f.15, and Dio. Sic. 11.70.45. 
67 Belvedere (2001) 719. 
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III. Other Evidence for Greek Rural Landscape Organization: An Overview 
 
1. Western Greek poleis outside of Magna Graecia 

 

A limited amount of fragmentary, but nevertheless important, evidence for 

Greek landscape organization is emerging from several early colonial settlements 

where investigation of the chora is in an initial phase. In the territory of the Phocaean 

colony at Emporion (modern Ampurias) in Spain, for example, aerophotographic 

study has revealed the vestiges of an ancient landscape-organization system west 

and south of the asty in the perfect parallelism and regular width of several adjoining 

fields in both areas.68 The chronology of the landscape organization has not been 

assayed archaeologically, but a date in the Archaic period has been proposed by 

Catalan archaeologists because the orientation of the field boundaries aligns 

perfectly with the orientation of the asty (suggesting that the territory was organized 

contemporaneously with the creation of the asty in the 6th century). Further to the 

northeast, another Phocaean territorial system, also undated but believed to have 

been created in the 6th century BC, has been recognized through aerial photography 

in the chora of Agathe (modern Agde, on the Mediterranean coast of France).69 

These two areas are characterized by particularly good conservation of the geometry 

and structure of their territorial organizations, preserved in modern field divisions, 

providing important comparative evidence for base length, areal units, and lot sizes 

that will be thoroughly discussed in subsequent studies. 

 

2. Pharos (Adriatic Sea) 

 

 In the 1950s archaeologists studying aerial photographs of the island of Hvar, 

off the coast of Yugoslavia, identified a regular orthogonal territorial organization 

scheme in the plain of Starigrad (“Old City,” a suggestive name). This system was at 

first thought to be Roman, but by 1960 a Yugoslav scholar proposed that it instead 

formed part of the chora of the colony of Pharos, founded in 385/4 BC. Since the 
                                                 
68 Plana-Mallart (2001) 558-560, (1999) 205-211. 
69 Benoit (1978); Clavel-Lévêque (1982) 27, (1999) 186-192. 
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1980s the system has been intensively investigated with a variety of techniques, 

such as aerial photographic studies, excavation of rural sites (Greek farmhouses, 

Roman villas, and hill forts), intensive field survey, geophysical prospection 

(electrical resistivity and magnetometry surveys), and Geographic Information 

Systems (GIS). The scholarly consensus is that the territorial organization at Pharos 

does indeed belong to the Greek colony rather than to its Roman successor (see pp. 

107-108).70

 

3. Herakleian Peninsula (Black Sea) 

 

 The first physical traces of an organized Greek rural landscape to have been 

discovered and documented anywhere in the Greek world are the orthogonally 

arranged stone roads and planting walls covering the Herakleian Peninsula on the 

Black Sea, the territory of the colony at Tauric Chersonesos. The territorial structure 

has been known to antiquarians (though not widely beyond the Russian-speaking 

world) since the late 18th century; it was mapped at least twice before regular 

excavation began in the asty in the mid-19th century.71 Since then several other 

colonial settlements along the northern Black Sea coast have been investigated, but 

they remain largely unknown in the West because most of the bibliography is 

published in Russian, resulting in restricted circulation outside of the former Soviet 

Union.72 Additionally, the presence of a major naval base at Sevastopol – once the 

                                                 
70 Chevallier (1957) 176-177; Chapman et al. (1988), Chapters 8-11; Slapsak and Kirigin 
(2001). 
71 The extensive Russian scholarship on the territorial organization at Chersonesos has 
recently been refined and summarized for Western readers: Carter and Mack (2003), 
Manzelli (1995), and Chtcheglov (1992). 
72 With the collapse of the Soviet Union and the independence of Ukraine, however, former 
Soviet scholars have begun to publish more of their work in the West, and Western 
researchers have begun to form projects in the Black Sea area and publish the results: 
witness, e.g., Saprykin (1994), Wasowicz (1999a), Carter and Mack (2003), Carter et al. 
(2000), and Carter (forthcoming), esp. Chapter 3. 
 The Tarkhankout Peninsula, located ca. 100km northwest of the Herakleian 
Peninsula on the Black Sea, contains traces of a landscape organization that are arguably 
the closest known parallel to the Metapontine “division lines” among colonial Greek territories: 
the “geometrically” arranged features are visible only in aerial photographs as dark lines, with 
no traces on the surface. See Chtcheglov (1992) 252-256. 
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home port of the Soviet Union’s southern European fleet and currently the home port 

of the Ukrainian navy – raises concerns for the military security of the region, so that 

even today archaeological topographers cannot map the chora of Chersonesos with 

the most up-to-date instruments, leaving a certain amount of imprecision in published 

work. 

Within a decade of Schmiedt and Chevallier’s study of the chora of 

Metapontion researchers began to turn to Chersonesos for an outside perspective on 

the Metapontine system. The stone-paved roads and flanking walls that defined the 

longitudinal and transverse orientations of the Chersonesan plan were the 

unambiguous means of giving physical form to the organization of the chora, and 

they suggest that early topographers may have been correct in interpreting some of 

the Metapontine “division lines” as roads.  

 

 

IV. Summary 
 

 At Metaponto, where the physical traces of the Greek landscape organization 

are ubiquitous and well-preserved but largely buried or disfigured (and therefore 

difficult to interpret), two main research perspectives have emerged in the 

publications of the past 45 years: (1) from the air (Schmiedt and Chevallier, Vatin, 

and Guy), studying the aerial photographs and tending to concentrate on the 

geometry of the structural features, with an exaggeratedly theoretical/formalistic 

emphasis; and (2) from the ground (Adamesteanu, Uggeri, and Carter), using 

excavation and field survey to date the features and interpret their function. Neither 

approach, however, is sufficient on its own. The wide view of the aerial photographs 

must be checked against the reality preserved in the archaeological record, and at 

the same time the function(s) of the surface features must be placed in the wider 

context created by the aerial photographic evidence. In subsequent chapters of this 

study the two approaches are integrated and compared to the detailed description of 

an organized landscape contained in the Herakleia Tablets. 
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V. The Aerial Photograph Study 
 

One of the principal objectives of this study was the fulfillment of the desire of 

pioneering Italiote archaeologists and topographers73 for a systematic examination of 

aerial photographs over the most important Greek colonies, on both the Tyrrhenian 

and Ionian coasts, to define the geographic extent of landscape organization in 

Magna Graecia. This component of the study was performed using materials kept at 

ICA in Austin and in the Aerofototeca in Rome.74

Coastal fluvial plains and flat or gently sloping hinterlands adjoining Greek 

colonies were the focus of the examination, since these are the types of landscape 

most amenable to organization with roads and ditches. They fall into two main 

groupings: 

(1) broad and deep expanses of coastal plain and rising hills or terraces, which 

are the most likely candidates (the territories of Poseidonia-Paestum, Cumae, 

and Neapolis along the Tyrrhenian Sea, and the territories of Herakleia, Sybaris, 

and Croton on the Ionian Sea), and  

(2) narrow plains and hills/terraces hemmed in by mountains or heavily dissected 

areas, which arguably required less extensive organization (the territories of 

Elea, Laos, Terina, Temesa, Medma, and Metauros on the Tyrrhenian coast, and 

Locri Epizephyrii, Skylletion, and Kaulonia on the Ionian). 

The primary aerial photographic coverage employed for the study was the 

1954-1955 Gruppo Aereo Italiano (“GAI”) flights, a collaboration between the Istituto 

Geografico Militare (“IGM,” the Italian national cartographic service, based in 

Florence) and the U.S. Army Map Service.75 This “volo (or copertura) di base” 

covered the entire national territory at an effective scale of approximately 1:33,000 

                                                 
73 E.g., Schmiedt and Chevallier (1959: 1030). 
74 Since this study is very much dependent on the unique first-hand documentation of aerial 
photography, I wish here to thank Prof. J.C. Carter for the liberal use of ICA’s collection of 
aerial photographs over Metapontion and Croton previously acquired from the Aerofototeca, 
and the staff of the Aerofototeca itself – the director, architetto M.F. Boemi, and the curators, 
dottori B. Ciuffo, A. Donzella, and M. Galassi – for their extraordinary courtesy and efficiency, 
without which the study of the remaining territories would not have been possible. 
75 On the GAI see Boemi (2003b) 31. 
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(average altitude ca. 5500m/18,000ft76) as a permanent record of the physical 

condition of the land at the time, shortly after the devastation of the Second World 

War and during the accelerated mechanization of agriculture accompanying the 

radical postwar agrarian reform (riforma agraria), which distributed nearly 50,000ha 

of expropriated land to needy citizens with incentives to farm it intensively.77 The GAI 

mission is thus the basic photographic series for research on landscape archaeology 

anywhere in Italy, offering complete coverage of every area, albeit at the cost of 

relatively poor detail due to the high altitude.78 Coverages of the selected territories 

at lower altitudes are generally rare and incomplete, since they were typically created 

for specific projects involving small areas; when consulted, they are noted as 

appropriate. 

The results are presented in geographic sequence, beginning at Cumae in 

Campania and ending at Taras in Puglia (see the map of Magna Graecia, Figure 

1.1). See also the Conclusion, pp. 187-189. 

 

1. Cumae 

 

The Chalcidian colony of Cumae was founded in the late 8th century 

immediately to the west/northwest of the extinct volcanic crater of Lake Avernus, 

close to the seashore.79 The landscape to the east of the colony, being volcanic in 

origin, is hilly and rugged, unsuitable for intensive cultivation. The territory to the 

north and east of Cumae, however, opens onto a broad coastal plain (ca. 10 x 

                                                 
76 The GAI was nevertheless the series that revealed the existence of the Metapontine 
“division lines.” Even today the GAI photographs have a visual quality and historical value 
that cannot be replaced by newer forms of remotely sensed imagery such as high-resolution 
satellite data, the utility of which is hampered by factors such as atmospheric interference 
and limited coverage. 
 Essential information about the GAI mission – e.g., the altitude of the aircraft and the 
focal length of the camera (153.01mm) – is rarely recorded, whether in publications or in the 
Aerofototeca’s own internal documentation. The information was encountered on F241/Str. 
209A/Pos. 10804/Neg. 203788 (chora of Temesa). 
77 On the riforma agraria see Chisholm (1970) 113-115, McEntire (1970), and Tauro (1993). 
78 Several case-studies demonstrating the scientific value of older photographic series like 
the GAI are discussed in Alvisi (1964). 
79 See Greco (1992) 15-20. 
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20km), and this is assumed to have been the heart of the ancient chora. Eight 

photographs were examined: 

Foglio* Strisciata** Positive No. Negative No.
184 109-B 7225 55320 
184 109-B 7226 55321 
184 109-B 7227 40283 
184 109-B 7228 40269 
184 109-B 3730 40272 
184 109-B 3731 40273 
184 109-B 3732 55317 
184 109-B 3733 205669 

Table 1.1: GAI photographs over the territory of Cumae. 
* = Numbered sheet of the standard IGM 1:100,000 topographic map series. 
** = Numbered flight strip. 
 
No noteworthy features were observed. 
 

2. Neapolis 

 
The colony of Neapolis, founded ca. 470 under unclear circumstances,80 was 

positioned on the other (i.e., southeastern) side of the volcanic hills that hindered 

Cumae’s expansion to the east, on the shore of the bay. With the territory to the 

west/northwest thus cut off, the Neapolitans had to content themselves with the 

broad plain following the line of the bay to the east/northeast, bounded to the south 

by Vesuvius, an area of ca. 14 x 6km. The study involved nine photographs: 

Foglio Strisciata Positive No. Negative No.
184 114 3816 40274 
184 114 3817 40275 
184 114 3818 40276 
184 114 3819 186991 
184 114 3820 113891 

183-184 115 3909 186994 
183-184 115 3910 186995 
183-184 115 3911 186996 
183-184 115 3912 186997 
Table 1.2: GAI photographs over the territory of Neapolis. 
 
No noteworthy features were observed. 

                                                 
80 See Greco (1992) 214. 
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3. Poseidonia-Paestum 

 
The chora of Poseidonia-Paestum, reputedly a late 7th-/early 6th-century 

colony of Sybaris,81 lies in a long but narrow coastal plain ringed by hills. The territory 

investigated is bounded by the Sele River to the north, the Solofrone stream to the 

south, Mt. Soprano to the east, and the sea to the west, an area of approximately 12 

x 6km. The chora of Poseidonia-Paestum thus fits within four GAI photographs: 

Foglio Strisciata Positive No. Negative No.
198 184-A 10233 182220 
198 184-A 10234 182221 
198 184-A 10235 182222 
198 184-A 10236 182223 

Table 1.3: GAI photographs over the territory of Poseidonia-Paestum. 
 

I was able to examine, in addition, a series of 17 large-scale (1:10,500) 

photographs taken over the plain immediately south of the Sele by the Italian Air 

Force (Aeronautica Militare, or “AM”) on an unrecorded date: 

Foglio Strisciata Positive No. Negative No.
198 1 1 2431 
198 1 2 2432 
198 1 3 2433 
198 1 4 2434 
198 1 5 2435 
198 1 6 2436 
198 1 7 2437 
198 1 8 2438 
198 1 9 2439 
198 2 10 2440 
198 2 11 2441 
198 2 12 2442 
198 2 13 2443 
198 2 14 2444 
198 2 15 2445 
198 2 16 2446 
198 2 17 2447 

Table 1.4: AM photographs over the territory of Poseidonia-Paestum. 
 
as well as a single photograph from an unidentified series at medium scale 

(1:20,000) taken on November 16, 1954 over the area immediately south of the Sele: 

                                                 
81 Greco (1992) 63-71; Str. 5.4.13. 
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Foglio Strisciata Positive No. Negative No.
198 8 113 ----- 

Table 1.5: Unknown photograph over the territory of Poseidonia-Paestum. 
 

No linear features resembling ancient roads or canals were observed in the 

area east of the asty, where the traces of the alleged Greek landscape organization 

were noted by Delezir and Guy (see above, pp. 22-23). However, several linear 

features not aligned with modern roads and canals were observed in the coastal 

plain north/northwest of the asty.  

The two most prominent features are a pair of sub-parallel lines, A and B, 

oriented 110° and 105° west of north, respectively (Figures 1.12-14); they are 

separated by ca. 330m at their western ends, and by ca. 315m at their eastern ends. 

Four parallel features (C-F in Figures 1.12-14), separated by ca. 160m, 120m, and 

180m (from northeast to southwest), nearly intersect feature B at an almost 

orthogonal angle. The longest of these features, D, begins ca. 2.5km northwest of 

the asty (where it serves as the boundary for several modern fields) and continues 

northwest for ca. 2km to the Seliano and Olmopanno localities, located ca. 2km 

southeast of the Sele, generally following the line of the coast at an angle of 

approximately 15° west of north. Features C-F appear to follow the orientation of the 

Roman features in the published plan82 and therefore probably constitute parts of the 

Roman landscape organization of Paestum83, in which feature D may have been a 

major artery linking the urban center to settlements in the territory and beyond. 

Features A and B are likely recent. 

 
4. Elea 

 
 The chora of Elea, founded in the mid-6th century, had a reputation in 

antiquity for being small and poor.84 It consisted of the valley of the Alento River, a 

narrow and relatively low (ca. 20masl) area lined by high (100+masl) hills and heavily 

dissected by numerous streams and torrents, amounting to a usable surface of ca. 5 

x 1.5km. Eight photographs were consulted: 
                                                 
82 Gasparri (1990) fig. 59. 
83 See Gasparri (1989), (1990), (1994). 
84 On the foundation and history of Velia, see Greco (1992) 81-86. 
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Foglio Strisciata Positive No. Negative No.
209 187-B 9499 181001 
209 187-B 9500 181002 
209 187-B 9501 177554 
209 187-B 9502 181003 
209 188 9319 33291 
209 188 9320 33292 
209 188 9321 33293 
209 188 9322 33294 

Table 1.6: GAI photographs over the territory of Elea. 
 
No noteworthy features were observed. 
 

5. Laos 

 
 Though the origins of Laos are unclear, it is believed to have been founded 

during the wave of internal Italiote colonization in the 6th century, probably by the 

Sybarites; the name of Laos appears on Sybarite-type coins after 510, suggesting 

that the collapse of the Sybarite “empire” gave the Laotians a certain measure of 

independence.85 The settlement arose in a coastal plain beside the eponymous river, 

hemmed in by steep hills to the north, east, and south. The area in question 

extended 9km along the coastal plain and 3km inland, defined by the low terraces on 

the north and south sides of the Laos valley. Two photographs covered the territory: 

Foglio Strisciata Positive No. Negative No.
220 199-B 10867 34682 
220 199-B 10869 116016 

Table 1.7: GAI photographs over the territory of Laos. 
 
No noteworthy features were observed. 
 

6. Temesa 

 
Like Laos, Temesa’s origins are unknown except for cryptic numismatic 

evidence: the appearance of a Crotoniate badge on its coins in the 6th century 

suggests that Temesa was absorbed into the Crotoniate orbit.86 Unlike virtually all of 

the other colonies considered in this study, on the other hand, Temesa clearly did not 

                                                 
85 Greco (1992) 91-92; Str. 6.1.1. 
86 Lenormant (1881) 2.21, 3.91-92. See also Greco (1992) 93-94. 

33 



have a territory at sea-level. The valley of the Savuto River is too narrow to have 

served as a chora, much as the exiguous coastal plain. The only area that appears 

approachable for agricultural purposes is a series of three or four large, gently 

sloping terraces stepping upwards away from the south bank of the Savuto, 

encompassing a large surface (ca. 3.5 x 2km). Yet their height (up to 1000masl) and 

the steep defiles that separate them suggest, to me, that these terraces would not 

have been attractive for settlement, insofar as they are relatively isolated from the 

asty and coast and difficult to reach. Nevertheless two photographs were examined: 

Foglio Strisciata Positive No. Negative No.
241 209-A 10801 198546 
236 208-B 12621 190052 

Table 1.8: GAI photographs over the territory of Temesa. 
 
No noteworthy features were observed. 
 

7. Terina 

 
Terina appears to have been founded before the middle of the 5th century and 

may have been a satellite colony of Croton.87 Its territory, the coastal plain and valley 

associated with the Amato River, was fairly broad and deep (ca. 10 x 10km), ringed 

by gently-sloping hills. Seven photographs were examined: 

Foglio Strisciata Positive No. Negative No.
241 239 10330 146727 
241 239 10331 146728 
241 239 10332 146729 
241 239 10333 146730 
241 211 9932 39621 
241 211 9933 39622 
241 211 9934 39623 

Table 1.9: GAI photographs over the territory of Terina. 
 
No noteworthy features were observed. 
 

8. Medma (Mesma) and Metauros 

 
Medma, a colony of Locri, was founded in the early 6th century on the banks 

of the Mesma River. Metauros had begun its life on the banks of the Marro/Petrace 
                                                 
87 Greco (1992) 87. 
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watershed in the 7th century, probably as a colony of Zankle in Sicily, but fell into 

Crotoniate hands by ca. 550.88 Both colonies lay in broad, deep plains (ca. 9 x 

10km). 

Foglio Strisciata Positive No. Negative No.
245 233 12518 146788 
245 233 12519 36916 
245 233 12520 146789 
246 234 11218 114409 
246 234 11219 114410 
246 234 11220 114411 
246 234 11221 114412 
246 234 11222 114413 

Table 1.10: GAI photographs over the territories of Medma and Metauros. 
 
The profusion of groves and orchards across the two territories, as well as 

orthogonal features such as field boundaries and roads (all so large as to be clearly 

modern, however), make the photographs unusually difficult to read. Nevertheless no 

noteworthy features were observed. 

 

9. Locri Epizephyrii 

 
Locri, one of the oldest colonies (founded ca. 70089), lies at the center of a 

very long (23km) and narrow (ca. 1.5km) strip of coast dominated by the Sila and 

Aspromonte massifs (Apennine chain) behind it. Presumably the Locrians controlled 

and exploited all of this area between the Turpolo and Careri Rivers (although other, 

smaller streams flow to the coast closer to Locri and may have served as 

administrative boundaries). The territory was examined via six photographs: 

Foglio Strisciata Positive No. Negative No.
255 239 10353 189570 
255 239 10354 189571 
255 239 10355 189572 
255 221 9953 189536 
255 221 9954 189537 
255 221 9955 189538 

Table 1.11: GAI photographs over the territory of Locri Epizephyrii. 
 

                                                 
88 Greco (1992) 61-63; Str. 6.1.5. 
89 Greco (1992) 55-58. 
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As at Medma and Metauros, the pervasive presence of groves (in this case, olives) 

reduces the surface visibility significantly. Nevertheless no noteworthy features were 

observed. 

 
10. Kaulonia 

 
Kaulonia, though an early colony (founded ca. 72090), was located in a 

perplexing position. The usable plain formed by the Stilaro and Assi Rivers is 

moderate in size (ca. 10 x 3km), but its narrow, irregular shape and hilly nature are 

probably responsible for its considerable poverty91. The chora of Kaulonia was 

therefore unlikely to have been the object of extensive landscape organization 

projects. Nevertheless the single best photograph encompassing the entire area was 

consulted: 

Foglio Strisciata Positive No. Negative No.
247 246 10098 36302 

Table 1.12: GAI photograph over the territory of Kaulonia. 
 
No noteworthy features were observed. 
 

11. Skylletion 

 
Skylletion was likely a Crotoniate sub-colony92, established mid-way between 

Croton and Kaulonia as a buffer against the latter’s expansion. Like Locri, Skylletion 

had an unusually long and narrow territory (ca. 7 x 1km, widening to ca. 2km at 

Catanzaro Lido and the Corace River on the northern end) abutting a steep mountain 

face. Two photographs were sufficient to cover the area in question: 

Foglio Strisciata Positive No. Negative No.
242 217-B 10460 174617 
242 217-B 10461 174618 

Table 1.13: GAI photographs over the territory of Skylletion. 
 

                                                 
90 Greco (1992) 47. 
91 Noted also by Schmiedt and Chevallier (1959: 351-352). 
92 Greco (1992) 47. Strabo (6.1.10) unrealistically attributes its origin to Athens. 
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Despite the reduced visibility caused by the prevalence of olive groves in the south 

and the concentration of small fields in the north, no noteworthy features were 

observed. 

 

12. Croton 

 
 The chora of Croton, founded ca. 720 by Achaean settlers93, was investigated 

with 34 GAI photographs in four strips.  

Foglio Strisciata Positive No. Negative No.
243 228 10139 188835 
243 228 10140 188836 
243 227 10141 188837 
243 227 10142 188838 
243 227 10143 188839 
238 227 10144 188840 
238 227 10145 188841 
238 227 10146 188842 
238 227 10147 188843 
238 227 10148 188844 
238 227 10149 188845 
238 227 10150 N/A 
238 226 10163 188850 
238 226 10164 188851 
238 226 10165 188852 
238 226 10166 188853 
238 226 10167 188854 
238 226 10168 188855 
238 226 10169 188856 
243 226 10170 188857 
243 226 10171 188858 
243 226 10172 188859 
243 226 10173 188860 
243 226 10174 188861 
243 225 10175 188862 
243 225 10176 188863 
238 225 10177 188864 
238 225 10178 188865 
238 225 10179 N/A 
238 225 10180 N/A 
238 225 10181 188866 
238 225 10182 N/A 
238 225 10183 188867 
238 225 10184 N/A 

                                                 
93 Greco (1992) 46. 
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Table 1.14: GAI photographs over the territory of Croton. 
 
The territory under investigation is defined approximately by a rectangle with its 

northeast corner at the mouth of the Neto River (north of the colonial site) and 

southwest corner at the Aragonese fortification at Le Castella, on the sea. While 

generally very hilly and dissected, this area of ca. 25 x 12km nevertheless 

encompasses several broad, flat expanses suitable for organization. 

In the Sant’Anna area (positive nos. 10169-10171), site of the reported 

orthogonal dividing features (see above, p. 23), no east/west-oriented linear feature 

that can be ascribed to a pre-modern date is observable; all visible linear features 

are either roads or modern field boundaries, as is clear from the coincident 

alignments of the fields and the roads. By contrast, the Ronzino and Lapristello 

localities adjoining it immediately to the east are marked by two conflicting, 

superimposed organizations: several new, house-lined concrete roads of the riforma 

agraria oriented at approximately 5° north of east, and several wide dirt(?) roads 

oriented at approximately 5° south of east, which are crossed by other orthogonally-

oriented dirt roads (5° east of north). It is tempting to view the latter orthogonal 

system, forming squares of ca. 945m on a side, as ancient, but the alignment of most 

of the fields to the north/south lines clearly demonstrates that they are modern in 

date, designed before the riforma agraria. (The remaining fields bounded by these 

superimposed systems align to the riforma agraria roads.)  

On two photographs over the coastal plain south of the River Neto between 

the railroad line and the SS106 coastal highway, ca. 9km north/northwest of Crotone 

(positive nos. 10165-10166), at least three faint parallel linear features oriented 

approximately 5° north of east can be observed. The longest and most pronounced 

(southernmost) of the three is visible over a distance of ca. 1450m, the other two ca. 

950m; the features are ca. 350 and 500m apart. (There are traces of several more, 

even fainter parallel features between and below these three, covering a distance of 

ca. 1600m along the coast, but they are too weak and discontinuous to describe.) 

They cut diagonally across the furrows of several plowed fields, indicating that they 

are not part of the landscape of 1955. Much of this plain has been formed in post-
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Classical periods94, so that the features are probably not ancient; more than likely, as 

above, they are remnant roads or ditches of a recent (19th/early 20th-century?) 

organizational system preceding the riforma agraria. Certainly there are not enough 

of the features to suggest a regular organization of the entire plain. 

 

13. Sybaris/Thourioi 

 

Sybaris, an Achaean foundation of ca. 730-720 BC, occupied a broad and 

deep (ca. 12 x 10km) alluvial plain created by the Krathis and Sybaris Rivers. After 

its destruction ca. 510, the site of the colony was unsuccessfully reoccupied several 

times by the surviving Sybarites until in 444 the new colony of Thourioi was founded 

on or near the site of Sybaris by the Athenians and Sybarite descendants.95 For this 

study the larger part of the Sybarite/Thourian chora, lying between the Sybaris 

(modern Coscile) River and the sanctuary on the hill at Francavilla Marittima, was 

examined using the following photographs: 

Foglio Strisciata Positive No. Negative No.
222 214 9521 37209 
222 214 9522 6363 
222 214 9523 37210 
222 214 9524 34971 
221 213-A 9981 34965 
221 213-A 9982 37223 
221 213-A 9983 34966 

Table 1.15: GAI photographs over the territory of Sybaris/Thourioi. 
 
As the very active geomorphology of the region would lead one to expect, no 

noteworthy features were observed. 

 

14. Siris/Herakleia 

 

Siris was the lone Ionian colony of southern Italy, founded between the 

middle of the 7th and the early 6th century BC on the Ionian coast between the Akiris 

(Agri) and Siris (Sinni) Rivers; its territory is believed to have extended as far as the 

                                                 
94 Abbott (1997) 164-165. 
95 Greco (1992) 27 (Sybaris), 224 (Thourioi). 

39 



Basento. After its destruction in the 6th century the site remained occupied but lacked 

a civic identity. In the mid-5th century the Athenians and Tarantines began to fight for 

control of the Ionian coast, resulting in the foundation of both Thourioi (see above, p. 

39) and a Tarantine-dominated colony on the site of Siris, named Herakleia, in 433.96 

For the purposes of this study only one area of marine terraces and coastal plain 

was examined, defined by a rectangle with opposite corners at Bosco del Pantano 

(Policoro, near the ancient site) and the Masseria Andriace on the Cavone River, ca. 

11 x 6km. The following photographs were consulted: 

Foglio Strisciata Positive No. Negative No.
212 152 6939 2511 
212 152 6940 25828 
212 152 6941 25826 
212 151 6580 2468 
212 151 6581 35768 
212 151 6582 25829 
212 151 6583 35769 

Table 1.16: GAI photographs over the territory of Siris/Herakleia. 
 
No noteworthy features were observed in any locality.97

 

15. Taras 

 

 The chora of Taras, a Spartan colony founded at the end of the 8th century, is 

difficult to define because of the vastness of the Ionian coastal plain that extends 

towards Metapontion and stands at the foot of the limestone plateau of the Murge to 

the east, which clearly formed a barrier to Tarantine expansion in the Salentine 

peninsula. A narrow area immediately to the east and west of the colony was 

                                                 
96 On the history of Siris generally, see Pugliese Carratelli (1999); Orlandini (1999) 197 n. 1, 
with exhaustive bibliography; Lombardo (1996) 17-22, (1986); Greco (1992) 40-46; 
Adamesteanu (1974) 12-13. The archaeological and literary evidence for the foundation of 
Siris is treated in detail in Neutsch (1967), (1968a,b); Hänsel (1973); Adamesteanu and 
Dilthey (1978); Adamesteanu (1981) 74-92, (1982) 301-307; Berlingò (1993); Bianco (1992) 
193-194. Synthetic treatments are available in Adamesteanu (1974) 93-100; Orlandini (1999) 
198, 202; Giardino (1999) 300-301. 
 For Herakleia, see Giardino (1999), (1996); Greco (1992) 224-234; Adamesteanu 
(1974) 93-119. 
97 Bianco’s (2001: 812) “division lines” between Agri and Cavone were not visible. 
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examined, from Massafra to Leporano, an area of ca. 25 x 18km. The study involved 

a large group of photographs: 

Foglio Strisciata Positive No. Negative No.
202 160 6790 200986 
202 160 6791 200987 
202 160 6792 200988 
202 160 6793 200989 
202 161 6752 200923 
202 161 6753 200924 
202 161 6754 208869 
202 161 6755 200925 
202 161 6756 200926 
202 161 6757 200927 
202 162 7561 200932 
202 162 7562 200934 
202 162 7563 200935 
202 162 7564 208873 
202 162 7565 200936 
202 162 7566 208874 
202 162 7567 200937 
202 162 7568 200938 
202 162 7569 200939 
202 163 12177 200960 
202 163 12178 200961 
202 163 12179 200962 
202 163 12180 200963 
202 163 12181 200964 
202 163 12182 200965 
202 163 12183 200966 
202 163 12184 200967 

Table 1.17: GAI photographs over the territory of Taras. 
 

In Neg. Nos. 208874 and 200964 (Figure 1.15) very faint traces of up to four 

dark, sub-parallel linear features (A-D) are visible on the southeastern side of the 

Salina Grande, a reclaimed marsh. The features are essentially perpendicular to the 

orientation of the ellipsoidal marsh (they are oriented at 60° south of east) and do not 

follow the orientations of modern fields, suggesting that (a) they are not recent (and 

perhaps not even modern) and (b) they may have been associated with the marsh 

(drainage canals?). The preserved segments range in length from 500 to 1400m and 

are all regularly separated by approximately 900m. These features should be 

investigated via an organized research project involving remote sensing and ground-
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truthing (excavation and/or geophysical prospection) in order to determine their 

chronology and function. 
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VI. Notes on Terminology Used in This Study 
 

Judging from the Greek textual sources (most of which are in reality Athenian 

and therefore probably do not reflect a truly panhellenic vocabulary), the Greeks 

viewed landscapes on a conceptual level as composed of three parts: (1) an urban 

center, (2) the countryside around it which they exploited, and (3) the uncultivated 

expanses beyond the countryside. 

The urban center or settlement is most commonly identified today by the 

Greek term “polis.” As in the case of English “city” and French “cité,” however, “polis” 

in the ancient Greek language also (and more commonly) described a settlement as 

a political, legal, and social entity, a community that encompassed both urban center 

and countryside – what may be best rendered in English as “the state.” The 

indiscriminate reference to “polis” in both its physical and abstract qualities only 

generates confusion, and therefore this study adopts the definition developed by 

historians such as M.H. Hansen and M.I. Finley: in antiquity “there was no distinction 

in law between the urban and rural sectors. The word ‘city’ as we have been using it 

(i.e., ‘polis’) must be understood not as a geographical term but politically, as 

meaning a community of people, the city-dwellers and the farmers together.”98 

Therefore the term “polis” is reserved to refer to a city-state as a whole, i.e. to the 

political, legal, and social entity (“the state”), encompassing both urban center and 

rural territory.99 The term “asty” (“town”) is used, according to the prescription of R. 

                                                 
98 Finley (1968) 40. See also Fantasia (1975) 1255. This distinction presaged the formally 
derived conclusion (the so-called “Lex Hafniensis de Civitate”) of the researchers at the 
Copenhagen Polis Centre, who determined that  

in Archaic and Classical sources the term polis used in the sense of “town” to 
denote a named urban centre is applied not just to any urban centre but only 
to a town which was also the centre of a polis in the sense of political 
community. Thus the term polis has two different meanings: town and state; 
but even when it is used in the sense of town its reference, its denotation, 
seems almost invariably to be what the Greeks called polis in the sense of a 
koinonia politon politeias and what we call a city-state. (Hansen 2000: 173) 

For an even more detailed discussion of the various meanings of “polis,” see Hansen (1998) 
17-34. 
99 Flensted-Jensen/Hansen/Nielsen (2000: 161-162) conducted an intensive search for “polis” 
in known inscriptions dating from the Archaic to the early Hellenistic periods (ca. 700-300 BC) 
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Martin and S. Humphreys100, to describe specifically the urban center, following the 

usage of several ancient sources.101

The Greek term “chora” is generally rendered in English as “(agrarian) 

territory,” i.e., that part of the countryside directly controlled and exploited by a state 

for its goals of self-sufficiency and/or growth through export.102

According to Aristotle103, a chora could be divided into two basic legal 

components: (A) private, divided land assigned to individuals and families (ἡ τῶν 

ἰδιωτῶν χώρα), and (B) undivided or communal land (ἡ κοινή χώρα / γῆ ἀδιαίρετος). 

This division serves as a useful point of departure, but in reality the situation was 

                                                                                                                                         
and found that, in 1450 total attestations of the word, the sense of “political community” was 
intended in ca. 1230 (85%) of them. 
100 Martin (1973) 102; Humphreys (1972) 763. 
101 E.g., among literary sources, Aristophanes: Acharnians 33, Clouds 47, Birds  494 (town 
and country); likewise Thuc. 2.16-17, 2.52.1-2. See also Ar., Peace 1185; Hdt. 1.21.7, 
1.60.21-22, 1.62.10-13, 1.176.5-6; Thuc. 2.13.7, 8.95.4 (activities affecting specifically an 
urban center). The distinction between “asty” and “polis” is also very clear in certain 
epigraphic texts, such as the early 4th-century Athenian law on grain-tax (see Stroud 1998: 
48). Even so, “asty” is invariably used in ancient sources to refer to the urban center of a 
recognized political community, not simply any urban agglomeration – Hansen (1997) 58-60 
(with generous list of ancient attestations of “asty” as “urban center of a known polis”). In the 
case of most any Western Greek territory, in which there was rarely ever more than one 
urban concentration, this connotation is more than sufficient. 

However, for the sake of completeness it should be noted that, in the vast majority of 
cases in which “polis” is used in ancient sources to denote a physical entity, it has the 
connotation of “civic center” (as opposed to “citadel” or “territory controlled by a community”) 
– Hansen (1998) 52. 
102 The term is first attested in the Homeric texts, in which it most frequently describes a well-
defined or circumscribed area, usually belonging to a royal vassal or other dominant figure 
(Casevitz 1998: 422-424, 435). It appears to have been transformed in the post-Homeric 
(polis) period to express the concept of a well-defined area belonging to a distinctive group of 
persons – what was once the dominant figure’s territory became the property of a group of 
polis-dwellers. 

Lepore (1968: 30-31) and Vallet (1968: 70) demonstrated the existence of a subtler 
meaning of “chora” in the Greek terminology of the 5th-4th centuries BC: “area of direct 
control/exploitation” (as here, for agriculture, pastoralism, and extraction of natural resources) 
could be extended to “area of influence/dominion.” The “influence/dominion” of a Greek 
colony would include areas under the direct political and economic control of indigenous 
nations, and therefore exploited by such nations, but under Hellenic social influence (through 
trade, gift-exchange, intermarriage, and warfare). The latter meaning is not addressed in this 
study, which focuses instead on the physical effects of the Greek presence in Italy. 

For the origins and development of the term “chora,” see also Lombardo (2001) 104-
107. 
103 Pol. VII.IX.7/1330a9-11. See also Asheri (1966) 10-11. 
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certainly more complex. Aristotle104 also records a tripartite scheme for the chora of 

an “ideal” city devised by the 5th-century BC “city planner” (more urban-social 

philosopher) Hippodamus of Miletus105, which actually accords well with much of the 

literary and epigraphic evidence: (1) private land (ἡ ἰδία χώρα), providing sustenance 

for individuals and families; (2) public land (ἡ δημοσία χώρα), owned by the state and 

utilized according to civic discretion; and (3) sacred land (ἡ ἰερὰ χώρα), providing 

sustenance (in the form of offerings) for the state divinities.106 (Parts (2) and (3) are 

both subsumed under (B) in the previous scheme.) 

Finally, the undivided land beyond the chora – and therefore outside the 

control of the polis – was the eschatia (ἐσχατιά). In the colonial world this land 

generally served as a buffer between the Greeks and their indigenous neighbors.107

 

                                                 
104 Pol. II.V.2/1267b34-38. 
105 On the career and contributions of Hippodamus see, e.g., Martin (1974) 15-16; Castagnoli 
(1971) 65-72, 128-138; Wycherley (1964); McCredie (1971); Bruno (1976; Gorman (1995); 
and Wasowicz (1995) 16-18. 
106 The scheme is repeated, without the attribution to Hippodamus and with the produce of (2) 
directed at citizen-messes rather than military ones, at VII.IX.5-8/1329b36-1330a25. 
 Isager and Skydsgaard (1992: 121) put (2) and (3) on the same level as (A) and (B) 
in their land-use hierarchy, therefore claiming a maximum of four juridical categories of land 
in Greek society, rather than three. This is probably too fine a distinction, and subsequent 
sections demonstrate that most of the available evidence points to three categories, all of 
which were affected by the organization of the landscape, as in the following passage of 
Herodotus describing the Athenian colonial occupation of Chalcis on the island of Euboea in 
506 BC (with numbers added to demonstrate the correspondence to the second Artistotle 
classification scheme): 

Ἀθηναῖοι κρατήσαντες Χαλκιδέων κατεκληρούχησαν αὐτῶν τὴν γῆν ἐς 
δισχιλίους κλήρους, τὴν Ἱππόβοτον καλουμένην χώραν, τεμένη δὲ ἀνῆκαν 
τῇ Ἀθηνᾷ ἐν τῷ Ληλάντῳ ὀνομαζομένῳ τόπῳ, τὴν δὲ λοιπὴν ἐμίσθωσαν 
κατὰ τὰς στήλας τὰς πρὸς τῇ βασιλείῳ στοᾷ ἑστηκυίας, αἵπερ οὖν τὰ τῶν 
μισθώσεων ὑπομνήματα εἶχον. 
The Athenians, having prevailed over the Chalcidians, (1) divided up their 
land – the area called “Hippobotos” – into 2000 lots, (3) consecrated sacred 
precincts to Athena in the place called Lelantos, and (2) rented out the rest 
according to the stelai set up in the Stoa Basileios, which contained the 
public records of the leases. 

107 See Asheri (1966) 10, 20; Adamesteanu (1974) 91; Rousset (1999). 
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VII. Greek Measurements Mentioned in This Study 
  

1. Origins 

 

By the Archaic period (ca. 700-480 BC) the Greeks had developed a 

metrological system largely by borrowing and adapting standard units from the 

technically more advanced cultures of the eastern Mediterranean seaboard and the 

Near East (Egypt, Palestine, Persia, and Assyria-Babylonia), which had been 

experimenting for centuries with land measurement and mathematics and applying 

them to practical concerns such as the organization of landscapes.108 (The Near 

Eastern origins of Greek land measurement and geometric knowledge are 

investigated on pp. 96-105.) The Greeks themselves ascribed the origins of land 

measurement and survey to Egypt in popular (and often apocryphal) stories 

describing the annual flooding of the Nile: 
 
Καθὼς ἡμᾶς ὁ παλαιὸς διδάσκει λόγος, οἱ πλεῖστοι τοῖς περὶ τὴν γῆν μέτροις 
καὶ διανομαῖς ἀπησχολοῦντο, ὅθεν καὶ γεωμετρία ἐκλήθη. ἡ δὲ τῆς 
μετρήσεως ἐπίνοια ηὕρηται παρ’ Αἰγυπτίοις· διὰ γὰρ τὴν τοῦ Νείλου 
ἀνάβασιν πολλὰ χωρία φανερὰ ὄντα τῇ ἀναβάσει ἀφανῆ ἐγίγνετο, πολλὰ δὲ 
καὶ μετὰ τὴν ἀπόβασιν, καὶ οὐκέτι ἦν δυνατὸν ἕκαστον διακρίνειν τὰ ἴδια· 
διὰ τοῦτο ἐπενόησαν οἱ Αἰγύπτιοι τήνδε τὴν μέτρησιν, ποτὲ μὲν τῷ 
καλουμένῳ σχοινίῳ, ποτὲ δὲ καλάμῳ, ποτὲ δὲ καὶ ἑτέροις μέτροις. 
ἀναγκαίας τοίνυν τῆς μετρήσεως οὔσης εἰς πάντα ἄνθρωπον φιλομαθῆ 
περιῆλθεν ἡ χρεία.109

 
                                                 
108 The cultural debt was to some degree recognized as early as the mid-5th century BC (Hdt. 
2.109): Πόλον μὲν γὰρ καὶ γνώμονα καὶ τὰ δυώδεκα μέρεα τῆς ἡμέρης παρὰ Βαβυλωνίων 
ἔμαθον οἱ Ἕλληνες (“For the Greeks learned about the concave dial, the sundial, and the 
twelve parts of the day from the Babylonians.”). The borrowing of Egyptian measurements by 
the Greeks is perhaps also reflected in Herodotus’ note that the cubit employed on the island 
of Samos was equal to the Egyptian cubit (2.168). The Mycenaean Greeks of the Bronze Age 
did not measure land geometrically to estimate its value but instead used a competing 
method, which established value based on the land’s productivity in terms of cereals 
(Chadwick 1976: 108-110). 

For primary sources and introduction to Greek metrology, see Hultsch (1882) 27-42, 
495-499. See also Lewis (2001) xix. Most of the Classical Greek metrological system is 
handily summarized by Herodotus in the first two books of his Histories, mainly in the context 
of his Egyptian researches (2.6.1 – schoinos; 2.149.3 – foot, orguia, plethron, and stadion; 
2.168.1 – pechus). 
109 Heron of Alexandria (2nd/1st century BC), Geometrica 2.1.1-12. 
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Just as the old account teaches us, most people were wholly occupied by the 
measures and divisions concerning the earth, whence came the name 
“geometry.” The purpose of measurement was discovered by the Egyptians: 
for through the rising of the Nile many normally visible fields were rendered 
invisible. Many remained invisible even after its retreat, and it was no longer 
possible for each person to distinguish his own fields. Because of this the 
Egyptians devised measurement, using at one time the so-called schoinos, 
at another the kalamos, and at others yet other measures. Measurement 
therefore being necessary, its service made its way around to every 
knowledge-loving person. 
 
 
Νεῖλος ὁ τῶν Αἰγυπτίων ποταμὸς ἀναβλύζων καὶ ἀνερχόμενος διὰ τοῦ 
θέρους, τὰ ὅρια  τῆς τῶν Αἰγυπτίων γῆς τῇ ὑγρασίᾳ λύων καὶ μιγνὺς 
ἀπώλλυεν· ἐλαττουμένου δὲ αὐτοῦ πάλιν καὶ ἀποβαίνοντος, μάχη καὶ 
ἀμφισβήτησις τοῖς Αἰγυπτίοις περὶ τῶν ὁρίων τοσαύτη ἐγένετο ὥστε καὶ 
ἀλλήλους φονεύειν. Ὕστερον δὲ ῥάβδον λαβόντες, τὰς ἑαυτῶν γᾶς 
ἐγεωμέτρουν πρὸ τῆς ἀναβάσεως τοῦ ποταμοῦ, καὶ ἐσημειοῦντο· καὶ πάλιν 
μετὰ τὴν ἀπόβασιν τοῦ ποταμοῦ τῇ αὐτῇ ῥάβδῳ ἐγεωμέτρουν· καὶ 
γεωμετροῦντες, ἕκαστος τὴν ἰδίαν γῆν ἀπελάμβανε δίχα μάχης καὶ φόνου. 
Ἐκλήθη οὖν ἡ ῥάβδος, ἐν ᾗ ἐγεωμέτρουν, ἄκαινα, ἡ στεροῦσα αὐτοὺς τοῦ 
καίνειν ἀλλήλους, ὅ ἐστι φονεύειν.110

 
The Nile, the Egyptians’ river, gushing forth and rising through the summer, 
ruined the boundaries of the Egyptians’ land by loosening them and mixing 
them with moisture. When it diminished and retreated again, such argument 
and fighting broke out among the Egyptians over the boundaries that they 
even murdered each other. Later, taking a rod, they measured out their lands 
before the rising of the river and marked them, and they measured them out 
again with the same rod after the river’s retreat. By measuring, each one 
recovered his own land without fighting and murder. Thereupon the rod with 
which they measured was named the “no-killer,” because it stopped them 
from killing each other – that is, murdering each other. 

 

2. The units 

Following general Near Eastern practice, the smallest units of measure that 

the Greeks employed in land measurement were derived from the most convenient 

source of portable linear references: the human body. 

 
Τὰ δὲ μέτρα ἐξεύρηται ἀπὸ τῶν ἀνθρωπίνων μελῶν, δακτύλου, παλαιστῆς, 
σπιθαμῆς, λιχάδος, ποδός, πήχεως, βήματος, ὀργυιᾶς.111

 
 

                                                 
110 Etymologicum Magnum (date unknown) 43.51-44.3, 
111 Heron of Alexandria, Geometrica 4.1.1. 
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Measurements are derived from the human limbs: the finger, the palm, the 
span between the thumb and little finger, the span between the thumb and 
forefinger, the foot, the cubit, the pace, the span between the outstretched 
arms.112

 
The most common unit in Greek metrology was the foot (πούς), which served 

as the basis of the system. (The centrality of the foot is one of the cardinal points in 

which the Greeks broke with Near Eastern traditions, which employed the length of 

the forearm from the elbow to the tip of the middle finger – the cubit – as the basic 

unit upon which the metrological system as a whole was formed.) One-and-a-half 

feet formed a cubit, in Greek pechus (πῆχυς). Last of the major bodily units was the 

orguia (ὀργυιὰ), the span of the outstretched arms, equivalent to four pecheis or six 

feet.  

 After the simple corporeal standards came the composite standards, usually 

multiples of the foot, often squared to serve as areal measurements. The first of 

these was the plethron (πλέθρον), originally a simple linear measurement of 100 

feet. Its convenience in land-surveying was probably responsible for the evolution of 

a second, areal value for the same term: a surface of 100 x 100 feet, or 10,000 

square feet. The linear stadion (στὰδιον) measured 600 feet and could therefore be 

considered either six plethra or 100 orguiai. The stadion, too, had an areal value 

(rare) of 600 feet in length by 100 feet in width (therefore equivalent to six areal 

plethra). 

In the Herakleia Tablets the sizes of the sacred properties are measured by 

the schoinos (σχοῖνος – “rush, reed”), a unit attested only at Herakleia. From the 

texts it is clear that the schoinos was used as both a linear unit, measuring 120 feet 

                                                 
112 A similar passage is found in Vitruvius, De Architectura 3.1.5: Nec minus mensurarum 
rationes, quae in omnibus operibus videntur necessariae esse, ex corporis membris collegerunt, uti 
digitum, palmum, pedem, cubitum (“No less did they derive the principles of measures, which 
are seen to be necessary in everything, from the limbs of the body, such as the finger, the 
palm, the foot, the cubit.”). For an example of Egyptian corporeal measurements, see Clagett 
(1989) 67-95, 109-113 (Nilometer readings in early Egyptian stone annals). Also Hodges 
(1972) 128-129. 
 The origins of the basic metrological units in the human body is vividly portrayed in a 
stone relief from the Greek island of Salamis, dating no earlier than the late 4th-century BC, 
which depicts a series of limbs and appendages in relation to a ruled unit (Dekoulakou-
Sideris 1990). 
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(or little more than a plethron), and as an areal unit, therefore measuring 120 feet on 

a side (14,400 square feet).113

Herakleia Tablet II also mentions a unit called the gues or gua (γΰης or γΰα), 

a Greek term signifying the curved piece of wood on a plow to which the share was 

fitted. The unit thus belonged to the agricultural world; it originated perhaps in the 

length of the furrow a farmer and his draft animal(s) could make in a given period of 

time. The Herakleian gues was a convenient representation of very long distances in 

small figures.114 The Tablet provides no information revealing the exact number of 

schoinoi or feet per gues, but the recorded distances ranging from 3 to 31.5 guai 

indicate that it amounted to several schoinoi.115

 

Most of these Greek measurements are idealized standards. As the lengths 

of arms and other appendages will vary in different persons, so too did the lengths of 

several of these standard units (as well as their multiples) vary across the Greek 

world, from region to region and even from city to city, and herein lies a focal point of 

difficulty in the reconstruction and interpretation of Greek landscape organization. 

The Greek foot was not standardized across the Greek world – there appear to have 

been a dozen or more popular versions.116 Further complication is introduced by the 

                                                 
113 The schoinos was subdivided into 30 oregmata (“stretchings”), each of which in turn 
consisted of 4 feet. 

The Herakleian schoinos is not to be confused with the Egyptian ater or iteru, called a 
schoinos by Herodotus (2.6.1), which measured sixty linear stadia (i.e., 36,000 feet, ca. 
10.5km). See Clagett (1989) 363-364, 491-494, 507; (1999) 7. 

Boyd and Jameson (1981: 335) incorrectly describe the areal Herakleian schoinos as 
measuring 120 x 100 feet. 
114 II.14-41. 
115 But cf. a 2nd-century BC Sicilian inscription describing a gues as two schoinoi wide (τὸν 
γΰαν τὸν ἐμ[ . . ]τύαις δίσχοινον τὸ εὖρος), suggesting that in other parts of the Greek world 
the gues may have been an areal measurement, or simply a synonym for “field” (Dubois 
1989: 136-139 no. 126 lines 2-3). There have been several futile attempts to calculate the 
size of the still-hypothetical areal gues/gua (Hultsch 1882: 41-42, 668; Segrè 1928: 146-147; 
Thomson 1953: 840-841; Boyd and Jameson 1981: 335), most of which propose grossly 
disproportioned shapes. 
116 See, e.g., Coulton (1975) 85-87. The bewildering array of Greek foot-measurements 
published by modern scholars can be found in, e.g., Hultsch (1882) 495-496; Dekoulakou-
Sideris (1990) 448-450; and Slapsak (1993) 119-136. The recently discovered Salamis relief, 
published by Dekoulakou-Sideris, has alone introduced two heretofore entirely unattested 
standards of Greek foot, 0.322m and 0.302m. 
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Greeks’ awkward fusion of Egyptian decimal mathematics (multiplication of base 

units by powers of 10 and preference for factors such as 2, 4, 8, and 10) with 

Babylonian sexagesimal mathematics (multiplication of base units by powers of 60 

and preference for the factors 2, 3, 4, 5, 6, 10, 12, 15, and 30).117 Thus in Greek 

metrics a span (orguia) is composed of 6 feet, while a stadion is composed of 100 

spans, and so on. 

                                                                                                                                         
The Salamis metrological relief and another, similar Classical Greek stone relief in 

the Ashmolean Museum at Oxford (Fernie 1981) are generally believed to have been 
designed as architectural members, suggesting that they were intended at least for public 
display (and therefore official documentation of standard length units), e.g., in an agora, but 
not necessarily for on-the-spot use in comparing the lengths of given items to the standard 
(Dekoulakou-Sideris 1990: 451; Slapsak 1993: 130; Fernie 1981: 259-261). 
117 Clagett (1989) 56-57, (1999) 13; Joseph (1990) 96-102; Neugebauer (1962) 16-18; 
Robins (1995) 1800; Powell (1995) 1945. 
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Chapter 2 
 

 

The preceding chapter presented an overview of the literary, epigraphic, and 

archaeological evidence for rural Greek landscape organization, in Italy and in the 

rest of the Greek world (see pp. 10-24 in particular). In the present one several 

crucial aspects of the same evidence are subjected to a detailed critical analysis, 

with the eventual broader goals of (1) identifying the flaws in the typical analytical 

approach that relies primarily on geometric form, (2) introducing new approaches 

that improve the reliability of interpretation, (3) assembling evidence from a variety of 

sources, and (4) developing a model of an organized Greek territory. Here the 

discussion will focus on the two Italiote landscapes for which there is enough 

evidence to support a sufficiently detailed analysis: the chora of Metapontion and the 

chora of Herakleia as described in the inscriptions known as the Herakleia Tablets. 

 

 

I. The Metapontine Landscape 
 

1. The geometry of the chora: an ancient or modern construct? 

 

 The discovery of the “division lines” at Metaponto instantly drew the attention 

of historians, archaeologists, and topographers to the role of linear features in an 

organized landscape. The question of the distance(s) between “division lines” has 

occupied all investigations and resulted in a great variety of proposed solutions. 

Schmiedt and Chevallier1 defined what were in effect two parts of the organized 

landscape (as noted on pp. 10-11): a northern series of 39 northwest-southeast 

features spaced at regular intervals of approximately 210m between the Bradano 

and Basento Rivers (Figure 1.2); and a southern series of 24 northwest-southeast 

features spaced approximately 240m apart between the Basento and Cavone Rivers 

(Figure 1.3). The two sets of “division lines” differed in their orientation, with the 
                                                 
1 Schmiedt and Chevallier (1959) 997-1006. 
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southern (Basento-Cavone) group oriented ca. 20 degrees further west of north with 

respect to the northern group. The central linear feature of the Bradano-Basento 

area – the longest of all at 13km – appeared in their reading to run right up to the 

walls of Metapontion; most of the others apparently terminated above the urban 

necropolis north/northwest of the asty (Casa Ricotta locality). The best-preserved 

“division lines” (in terms of preserved distance and visibility) were those in the 

western part of the Bradano-Basento area, between the Venella (a tributary of the 

Basento) and the Masseria Appio. Schmiedt and Chevallier also measured the 

intervals between several “division lines” on the lowest terraces overlooking both the 

Bradano and the Basento Rivers; they claimed that the results matched very closely 

the measurements they derived from the aerial photographs. In addition, in the Lama 

San Nicola locality (overlooking the Cavone River) they claimed to identify several 

light streaks in the aerial photographs, parallel to the main linear features, at 35m 

intervals, which they interpreted as ancient roads. So apparently, in certain limited 

areas, the “division lines” could subdivide the landscape into finer units. 

 Among Uggeri’s2 numerous revisions to Schmiedt and Chevallier’s published 

description of the territorial system’s geometric properties (Figure 1.5) was his 

measurement of the interval between longitudinal “division lines” between Bradano 

and Basento as 205m, not 210m. He postulated a maximum number of 40 linear 

features, split into two roughly equal parts by the longer central “line” (which also 

functioned, he argued, as a divider between two watersheds, since it lay astride a 

natural ridge sharing the orientation of the longitudinal “division lines”). This central 

feature was deeper than all the others and had around it a noticeably greater 

concentration of tombs (greatest, he said, along a ca. 0.5km-long stretch beside the 

Travaglione stream in the Pizzica locality). Instead of running all the way to the walls 

of Metapontion, as in Schmiedt and Chevallier’s reconstruction, Uggeri saw it as 

terminating at a point 850m distant (i.e., a point in the coastal plain northwest of the 

asty). The northern longitudinal features – those in the proximity of the Bradano 

River – terminated immediately north of the Temple of Hera at Tavole Palatine, 

                                                 
2 Uggeri (1969). 
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leaving the area between the temple and the asty for the urban necropolis (the 

modern Crucinia locality). 

Uggeri represented the total surface area of organized land between the 

Bradano and Basento as a theoretical rectangle measuring 8.2 x 13.5km (11,070ha). 

Perhaps most importantly (and most controversially), he claimed to have discovered 

transverse “division lines,” beginning at least at the height of the Temple of Hera and 

appearing densest in the Pizzica locality in the vicinity of the Travaglione stream. Of 

these he postulated a minimum number of 41, at 328m intervals, creating basic land-

units of 328 x 205m (according to Uggeri, equivalent to 60 Greek schoinoi or 6.5ha3). 

These hypothetical 41 transverse linear features would create 41 strips of units 

parallel to the coast, for a total of ca. 1300 individual units.4

Uggeri’s approach to the Metapontine problems was clearly more systematic 

and practical than Schmiedt and Chevallier’s, but it went too far. On the framework 

that they had laid with their discovery of the longitudinal “division lines” Uggeri built a 

complex geometric structure that was too neat and tidy and therefore misleading, 

covering the landscape between Bradano and Basento with a rigid orthogonality and 

rhythm that did not account for severe variations in the regional topography (like the 

Venella tributary). The geometric mindset, common in the scholarship of his 

contemporaries and those who followed, led him to consider the social and economic 

ramifications of the Metapontine landscape organization, with conclusions that were 

reasonable but difficult to prove (see pp. 15-16). 

 

In the Basento-Cavone zone, the French survey team led by R. Chevallier 

proposed a regular interval of 220m (instead of Schmiedt and Chevallier’s 240m) 

                                                 
3 Uggeri also calculated the equivalent areas in Roman colonial units –15 haeredia or 30 
iugera – a further sign of the subtle but powerful influence of the Roman colonial model in 
early studies. 
4 Note that Uggeri’s arithmetic is faulty: his 41 transverse “division lines” would create only 40 
– not 41 – strips of units bounded on all four sides. Furthermore, having proposed 40 
longitudinal lines and 41 transverse lines, he should have reported a figure of approximately 
1560 (i.e., 39 x 40) units bounded on all four sides. He may have intentionally under-
estimated the number of units, although this possibility cannot be verified because he does 
not explain his method and assumptions. 
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between linear features on the basis of measurements by pacing. No traces of 

transverse “division lines” were noted.5

Early investigators were limited by their measuring techniques. Using an 

“infrared measuring device” which he did not describe (presumably some sort of 

photogrammetric instrument – see the discussion of error below, pp. 60-62), Vatin 

determined that the Bradano-Basento longitudinal “division lines,” while reasonably 

parallel to each other, do not lie at a consistent 205m (Uggeri) or 210m (Schmiedt 

and Chevallier) from one to the other.6 According to his view, the interval from 

feature to feature across the entire zone varied so much that he rejected altogether 

the idea of a feature-by-feature base interval and proposed instead a more flexible 

base interval of 625-630m – i.e., a unit composed of three strips of land defined by 

four “division lines” (Figure 1.6). The uneven interval was not the result of sloppy 

work on the part of the Greek geometers, Vatin argued; rather, the irregularities in 

the feature-by-feature intervals suggested to him conscious planning, perhaps as a 

means of compensating for variable soil quality or other environmental factors.7 Like 

Uggeri, Vatin claimed to have identified “at least two” transverse linear features: he 

observed them meeting the longitudinal features on the aerial photographs at a 98-

degree angle, evidence enough to allow him to propose an interval between 

transverse lines of 415m. The dimensions of his hypothetical basic Metapontine 

land-units, measuring 630m x 415m, closely matched the units at Chersonesos in 

Crimea. 

The shape of Vatin’s Metapontine land-units was, geometrically speaking, not 

perfectly congruent with that of the Chersonesos units. The 98-degree crossing 

angle of the Metapontine longitudinal and transverse “division lines,” according to his 

calculations, resulted in units in the shape of parallelograms, with base area of 297 

plethra (for the term see section 1.VII, p. 48), while the Chersonesan units – which 

he assumed were rectangular – had a base-area of 300 plethra (6 sub-units of 50 

                                                 
5 Chevallier (1971) 322. 
6 Adamesteanu and Vatin (1976) 119-122. 
7 Cf. Vallet (1968) 98 on the “division lines” at Metaponto: “ces fossés rectilignes ne tiennent 
aucun compte des accidents du terrain.” Uggeri (1969: 57) had also observed several 
inconsistent intervals between “division lines” but assumed that they were exceptions to a 
general rule. 
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plethra each). Vatin argued that the guiding geometric principle behind the 

Metapontine territorial system was to be found in the orientation and arithmetic 

efficiency of the diagonal lines of his parallelograms. The diagonals, rather than the 

sides, were oriented on the cardinal axes (north-south, east-west). Contrary to 

rectangular geometry, the length of the diagonals – not the sides – in the 

Metapontine units was a “harmonic” number (1000 feet, according to his 

reconstruction) upon which the remainder of the system depended, while the sides 

were measured in more awkward numbers (707 feet – i.e., 1000 divided by the 

square root of two, using square geometry). Furthermore the two diagonals of each 

unit had a 9:11 relationship and intersected at a point approximately one-third the 

way along their lengths. The number 11 recurred in the intervals between 

longitudinal features: two adjacent longitudinal strips of land would together form a 

fraction of 7/11, with the third strip contributing the missing 4/11. (The physical order 

of these various strips varied across the Bradano-Basento zone, explaining, from a 

different point of view, the irregularity of the feature-by-feature interval and making 

the system readily adaptable to local topography.) 

Vatin identified two different, overlapping territorial systems at work in the 

Basento-Cavone zone, neither of which corresponded to the Bradano-Basento 

system. One employed a longitudinal interval of 245m, visible through at least six 

features, for which one poorly-legible transverse “division line” was claimed, 

intersecting the longitudinal “division lines” at a right angle. The second system was 

confined to the central part of the zone and oriented at an angle 10 degrees offset 

from the former system; the second system, too, was orthogonally arranged. He did 

not assay even a relative chronology for these two subsystems within the larger 

Basento-Cavone zone, much less within the Metapontino as a whole.  

The solution proposed by Vatin is ingenious and worthy of a serious student 

of geometry, but it stumbles on its own complexity and fails the test of common 

sense. His suggestions of variable intervals and a lack of parallelism are reasonable, 

and ultimately correct, as will become apparent in Chapter 3. But no surveyor, 

ancient or modern, would have the patience to perform the mental gymnastics of 

laying out a base line along the diagonal of a parallelogram and then shifting 

55 



direction to mark boundary lines along the sides. A surveyor always seeks to 

accomplish the most work with the least effort, by sighting and marking only 

boundary lines. Vatin clearly forced the Metapontine features to fit a geometric 

scheme that has no practical basis, resulting in measurements that are anything but 

elegant or convenient: the number 11 is a prime and therefore cannot be subdivided, 

except via the uneven (and hence artificial) solution proposed by Vatin, and likewise 

707 is only a means of accommodating the “harmonic” number 1000  on the diagonal 

of the parallelograms. 

 

The accuracy of Schmiedt and Chevallier’s study was questioned by Guy, 

who attempted to establish a new standard of aerophotographic interpretation 

(Figure 1.7).8 He claimed to observe linear features nearly following the longitudinal 

orientation of the Bradano-Basento system (approximately 50 degrees west of north) 

in a small portion of the southern side of the Basento valley, but slightly offset at 56 

degrees west of north, and therefore partially overlapping the main Basento-Cavone 

territorial system (oriented at 72 degrees west of north); the continuation of the 

Bradano-Basento system disappeared approximately 1km into the first marine 

terrace south of the Basento (San Teodoro locality, where Schmiedt and Chevallier, 

who did not observe “division lines” there, had filled the lacuna with 72-degree lines). 

The Bradano-Basento system extended perhaps as far as the Cavone itself, for Guy 

claimed to have observed an “island” of  linear features oriented 56 degrees west of 

north approximately 1km north of that river (San Basilio locality). Thus, according to 

Guy, there was an original organization of the entire chora from Bradano to Cavone 

on an orientation of 50-56 degrees, followed by a reorganization involving only the 

Basento-Cavone zone, during which only the northernmost portion – the right 

(southern) bank of the Basento – was left untouched. According to Guy, this 

reorganization of the landscape was provoked by a change in circumstances in the 

colony and reflected the introduction of new rules of landscape organization. 

Guy used the same photographic coverages to report the presence of minor 

longitudinal “division lines” subdividing the prevailing 72-degree strips, each 240m 

                                                 
8 Guy (1995) 428-437. 
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wide, into four equal units. Furthermore, as Vatin had observed in the Bradano-

Basento zone, the intervals between “division lines” in the Basento-Cavone zone – 

whether 210m (56 degrees) or 240m (72 degrees) – were not regular, and several 

56-degree features in this area were offset with respect to the main body of features 

by some 50m.  

Guy also claimed to have visited personally two of the 56-degree features 

between Basento and Cavone. One of them he reports as a trench with “v” section 

approximately 6m wide and 0.5m deep filled with dark earth, very similar to examples 

in the Bradano-Basento watershed. The remains of what he interpreted as a small 

Hellenistic farmhouse straddled the other feature, suggesting to him that the 

landscape organization system was in use until at least the very end of the 4th 

century BC. 

In the Bradano-Basento zone Guy made a series of striking claims. First, the 

interval between “division lines” there was not generally irregular (as Vatin had 

stated) as there were, in fact, two separate but fixed intervals at work simultaneously. 

In the area north of the central linear feature, up to the walls of Metapontion proper, 

he saw a single interval of 200-202m, while in the area south of this feature he saw 

the “division lines” conforming to either the 200m interval or a 240m interval 

(suggesting that the Basento-Cavone system reached north across the Basento). In 

two different parts of this “southern” area he claimed to have observed traces of four 

equally-spaced minor “division lines” between two major features (north of the 

Pantanello locality) and to have discovered traces of yet another organization system 

oriented at 40 degrees west of north (east of the Pantanello locality), this last 

following a 200m interval. 

Guy’s final contribution to the Metapontine question was a lengthy 

numerological examination of the systems. The 200m (Bradano-Basento) and 240m 

(Basento-Cavone and Bradano-Basento) intervals represented a ratio of 5:6, with 

sub-intervals of halves and quarters. Guy logically asserted that the use of different 

base units in the urban and rural systems would not have been efficient for the 

surveyors, and indeed these same two intervals were observed in the layout of the 

asty (but with a 205m rather than 200m interval). Thus the base unit of this universal 
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Metapontine surveying system – the number that ties all of these various factors 

together – was for Guy a length of 20m (72 Greek feet of 0.2777m) with multiples of 

2, 3, 6, 10, and 12. Since this essentially duodecimal calculation does not yield 

integer areal measurements in Greek plethra, Guy borrowed Vatin’s hypothesis 

concentrating on the square root of two in the Metapontine surveying scheme, 

reflected in the common surveying unit of 40m (equal to 144 of his hypothetical 

Greek feet, a minor overestimation – for Guy – of the square root of two, 1.4142). 

Like Vatin before him, Guy developed an elaborate mathematical explanation  

that does not pass the test of common sense: the number 12 was no more significant 

to Greek mathematical thinking than the number 11, since the Greeks employed 

decimal and hexadecimal reckoning (see section 1.VII, pp. 49-50). Arguably the most 

serious flaw in Guy’s argument is his uncritical approach to the geometry. He 

obtained his hypothetical areas in plethra by simply multiplying the length of a given 

land-unit by its width (for example, 144 x 144 feet, equaling 20,736 square feet, or 

3.5% more than one plethron), in effect applying a formula valid only for right-angle 

forms. Guy did not address the issue of the shape of the Metapontine units beyond 

recalling Vatin’s longitudinal and transverse features intersecting at a 98-degree 

angle, but his calculations clearly assumed a perfectly rectangular system. Although 

the area of a parallelogram happens to be identical to that of a rectangle of identical 

length and width (see p. 105 Note 29), Guy’s work is based on an assumption for 

which he did not provide a scientific justification. 

Though Guy’s and Vatin’s reconstructions of the Metapontine landscape 

organization fail primarily due to poor knowledge of ancient geometry and arithmetic, 

there are several additional overriding objections which must invalidate their studies, 

as they do all such schemes that rely solely on numerical analysis: many of the 

research assumptions are false, and the scale of error inherent in the methodology is 

too large to permit exacting reconstructions. 

 

2. The failure of the geometric approach: irregularity and imprecision 

 

 Guy, as well as numerous topographers before and after him, assumed that  
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both sets of Metapontine “division lines” were arranged in a regular geometric pattern 

characterized by a single, consistent physical interval between individual longitudinal 

or transverse “lines” (or two intervals at most, as according to Guy) and/or the 

perfectly parallel alignment of all features in both axes. The measured plans of other 

colonies earlier than, or contemporary with, Metapontion, on the contrary, clearly 

demonstrate that the Greeks either could not achieve the geometric regularity typical 

of Roman colonies or simply did not strive for it. The streets and boundaries of 

housing blocks in 8th/7th-century Megara Hyblaea and Syracuse on Sicily, for 

example, though arranged in obviously “geometric” patterns, often flexed significantly 

at one or more points, so that the blocks were often neither perfectly parallel nor 

identical in shape; the same indifference to geometric perfection is evident even in 

the Late Classical/Hellenistic organization of the Acradina neighborhood of 

Syracuse.9 At several colonies founded on the Black Sea coast between the 6th and 

4th centuries, too, such as Olbia, Chersonesos, and Kerkinitis, the frequently irregular 

orientations of blocks and streets in the urban centers thoroughly belie the idea of a 

“plan régulier” and geometric rigidity.10

The phenomenon of geometric flexibility in Greek urban plans is more likely 

attributable to a need or desire to accommodate topographic irregularities, rather 

than to a technical ignorance or incapacity on the part of the urban planners.11 The 

                                                 
9 Megara Hyblaea: Tréziny (1999) 144 fig. 2. Syracuse: Di Vita (1996) 270-273. 
10 Wasowicz (1999a) 197-204, with plans. Both Castagnoli (1971: 10-12) and Martin (1973: 
100-102) apparently ignored these frequent bulges and bends and artificially reduced the 
plans of Greek cities to two principal styles, distinguished only by the shapes and 
arrangements of the blocks (insulae) created from the orthogonal intersection of the wide 
longitudinal thoroughfares (plateiai) and the narrow cross-streets (stenopoi): (1) rigid 
arrangements of identical blocks based on a regular rhythm of plateiai and stenopoi, and (2) 
loose arrangements of irregular blocks, in which the plateiai were placed at uneven intervals. 
To Castagnoli and Martin, the former style seemed to promote homogeneity, leaving little or 
no room for differentiation among the plateiai, while the latter arguably offered scope for 
greater creativity, since the plateiai could be positioned to accommodate specific topographic 
or civic needs and consequently develop in a hierarchical manner. The examples cited above 
suggest that “homogeneity” was relatively rare in colonial urban planning, probably because 
there were few sufficiently flat locations available – topographic variation doubtless had to be 
accommodated in the majority of plans. 
11 It is also possible that the Greek surveyors intentionally introduced some of the minor 
deviations into their planning to compensate for the optical distortion created by an uneven 
surface, or that their eyes were misled by such a surface – here again the “all-seeing” bird’s-
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east coast of Sicily and the Black Sea coasts are generally characterized by rocky 

surfaces, which tend to form ridges and troughs when eroded by rivers and rain.12 In 

contrast, the broad alluvial plains of southern Italy, composed of pliant gravel, sand, 

and clay, typically erode into essentially flat surfaces interrupted only by low dunes. 

Accordingly, the streets and blocks of colonies such as Poseidonia-Paestum, 

Metapontion, and Taras were arranged in regular geometric patterns.13 If topography 

could dictate design at such a small scale, in certain cases at least, it was bound to 

have equally dramatic effects at the larger scale of an entire territory, since colonial 

chorai almost inevitably encompassed hills, terraces, and other irregular terrain 

behind the coasts over relatively long distances. The powerful role of topography in 

landscape organization will become apparent in the following section and in Chapter 

3. 

 

Traditional topographic studies like those of Vatin and Guy identified features 

of interest on individual aerial photographs and then transposed them onto 

topographic maps. This process is fraught with pitfalls and sources of error, of which 

the first and most important is the nature of vertical aerial photography itself. At high 

altitudes, where most topographic flights are performed, the mutually opposed 

spherical curvatures of the photographic lens and the Earth’s surface significantly 

distort the photographed image.14 The effect of this distortion is essentially nil at the 

point of contact between the two curvatures – the “principal point” of the photograph 

(usually located at its geometric center) – and tolerably small within a certain 

distance around that point, usually defined by a circle. Beyond this radius, as the 

curvatures of both the lens and the Earth’s surface rapidly fall away from each other, 

the distortion becomes so great that accurate measurements cannot be made with a 

                                                                                                                                         
eye view of the modern topographer may be too far removed from the ancient reality to 
appreciate it fully. 
12 Large-scale examples of this phenomenon are the Alban Hills southeast of Rome and the 
hills of Tuscany, both formed in volcanic environments like the eastern coast of Sicily. 
13 The plans are reproduced in Mertens and Greco (1996) 248-250. Even Italiote colonies 
built on hillsides, such as Neapolis, Elea, and Locri Epizephyrii, have essentially orthogonal 
plans because the designers oriented the urban grids to coincide with the declivity of the 
slopes (see the plans and photo in Mertens and Greco 1996: 250-251, 257). 
14 See Ceraudo (2003a) 77-78. 
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ruler and the naked eye. These areas must be geometrically rectified using 

specialized optical equipment developed by photogrammetrists (a sort of 

surveyor/engineer trained to derive measurements from aerial photographs) that 

removes the distortion. This means that distance, direction, area, and shape across 

the majority of the surface covered in any given vertical aerial photograph are 

unreliable, and therefore only a comparatively limited central portion is fit for study by 

the non-specialist. Accurate measurement of features directly from aerial 

photographs is thus impossible without the use of specialized equipment. Neither 

Vatin nor Guy reveals whether he used photogrammetric equipment in his study, and 

that use cannot be assumed. 

After one or more aerial photographs has been photogrammetrically rectified 

so that visible features are geometrically more or less faithful to reality, the 

topographer must transfer the features of interest to a topographic map. Here the 

scale of the destination map plays a critical role. On a 1:25,000-scale map, for 

example (a typical scale for topographic surveys), a physical distance of 1mm on the 

paper surface represents a distance of 25,000mm (25m) on the ground. Thus every 

1mm of positional error introduced during the transfer of features from photograph to 

map (whether by superimposing transparent overlays or by measuring and 

estimating based on reference points) creates 25m of uncertainty in the real location 

– a classic example of how precision affects accuracy. Even millimeter-precision 

must be rarely attainable in the process of transferring features from one medium to 

another, given the subjective nature of “eyeballing” features and the complexity of 

mathematical plotting from fixed reference-points, so that errors of at least ca. 50m in 

real-world position should be assumed in all studies using traditional methods.  

Additional error is introduced by the process of measuring between features 

on topographic maps. With a ruler marked at one-millimeter intervals (the finest 

interval generally available without resorting to special equipment), the maximum 

error likely to be made in measuring is approximately 1mm, and probably even less – 

more likely 0.5mm. Half a millimeter of spatial error at 1:25,000 is ca. 1/17 the length 

of the assumed 210m interval between “division lines” in the Metapontino – already a 

significant amount of error. Furthermore, an equivalent amount of error is introduced 
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by the graphical representation of archaeological features. An average pencil-tip is 

0.5-0.7mm wide, while a fine-point pen may be only 0.20-0.25mm wide, but even in 

this latter “best” case a stroke occupies ca. 5m of map-space. Published plans of 

linear features generally require even thicker lines to increase their visibility, thus 

occupying even more map-space and preventing the reader from assessing the 

accuracy of the published measurements. 

Combined errors in feature location, measurement, and graphical 

representation therefore generally result in a significant amount of total or compound 

error.15 In most of the published studies the combined error must be greater than 

50m. The variety of results presented – 205m vs. 210m vs. 220m, one geometric 

interval between Bradano and Basento vs. two such intervals – is a result partly of 

variations in the methodology (e.g., different instruments, different base-maps) and 

partly of the real irregularity of the Metapontine landscape organization. In such 

studies one attempts to identify very precise architectural and geometric principles 

based on metrological units that were not homogeneous across the Greek world, and 

are believed to have been measured in antiquity with sub-meter precision (e.g., the 

Attic foot of 0.296m). A combined error of ca. 50m effectively precludes any serious 

discussion of such fine units and distances because the intervals between features 

cannot be measured with sufficient precision or accuracy. 

The traditional photo-and-map-based approach in landscape studies has 

been superseded by software technologies developed for research in geography and 

the earth sciences. The next section describes their greater precision and accuracy, 

and how these have been applied successfully to the Metapontine landscape 

organization. 

 

3. Technological advances in landscape analyses 

 
 The spread of computers in research and industry in the 1970s and 1980s 

created an interest in harnessing the microprocessor’s speed, accuracy, and 

precision in calculation for the rendering of geographical information, for which 

                                                 
15 The problem was also apparent to Carter (1998a: 45). 
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calculation by hand was both laborious and error-prone due to the complexity of the 

algorithms developed to model the earth’s surface.  

Photogrammetry benefited enormously from computing power: the amount of 

time needed to position a given aerial photograph accurately on the earth’s surface 

and correct its geometric and optical distortions (a process called georeferencing or 

registration) diminished rapidly once the algorithms were automated via software 

routines. During the 1980s and 1990s photogrammetric algorithms became common 

features of software packages designed for remote sensing of the environment, 

since one of the most frequent tasks in remote sensing is the registration of digital 

imagery such as aerial photographs and satellite images. The continuing refinement 

of remote sensing and photogrammetric software, the choice of several high-quality 

competing programs, and the emergence of a dominant, easy-to-use operating 

system have by now made it possible for even non-photogrammetrists to 

georeference a variety of common digital image types with considerable accuracy 

and precision. 

 During the same period of time in which remote sensing and 

photogrammetric software was being developed, geographers and earth scientists 

also became aware of the power of computers as applied to topographic and 

cartographic modeling of the earth’s surface. This, too, is a computation-intensive 

field: maps are produced in a wide variety of sizes and scales. More importantly, 

there is an enormous number of projections – formulas for transferring real, three-

dimensional geographic data to artificial, two-dimensional paper format – available to 

the cartographer and geographer for the production of maps. Each projection is, in 

turn, based on one of many models of the earth’s oblate spheroid shape 

(“spheroids”) and a locally determined elevation reference (“datum”). Conversions of 

data between projections and scales lend themselves naturally to computerization. 

The spread of computer technology brought a revolution in cartography and 

geography. Maps had traditionally been conceived and perceived as fixed entities 

containing immutable truths, or at least as documents the accuracy of which 

remained intact until a clearly perceived change in the physical situation called for 

revision. Maps were thus repositories of “static” information: the locations and spatial 
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relationships of roads, rivers, mountains, forests, and other features which changed 

very little in character and position over time, if at all. The accelerated urban and 

economic development of the United States after the Second World War, particularly 

in the western states, fostered the organization of numerous regional surveys and 

research projects, undertaken by universities and federal and state government 

bodies, for the purpose of monitoring the conditions and availability of natural and 

human resources, such as agricultural land use, biodiversity in forests, and the 

locations and patterns of archaeological sites. Such “real-time” information is 

gathered in specific locations to answer specific questions or address specific 

problems, and it is implied that the nature of the object of study is such that the 

information gathered about that object will likely change between one study and the 

next due to natural or anthropic causes: farmers will plant different crops, parts of 

forests will be felled, and more archaeological sites will be discovered. Grafting this 

mercurial information to a map is time-consuming; it is also inherently disappointing, 

since the cartographer/ geographer knows that s/he must update the “real-time” 

information on the map on a regular basis in order to provide a product that is timely 

and useful. 

Thus was born a new type of software that could perform geographic 

calculations and accommodate both “static” and “real-time” information: the 

Geographic Information System (GIS). A typical GIS is composed of two parts: a 

graphical component that displays on a screen the spatial relationships between 

geographic features (with colors and other patterning to facilitate distinction of 

different classes of features), and a database component that records those spatial 

relationships in numeric terms with high precision, as well as all other necessary 

information describing and/or distinguishing those features (“attributes,” such as 

names, dates, classification schemes, and comments). A GIS is designed to facilitate 

the organization of information, offering the user tremendous flexibility in the 

presentation and structure of knowledge and the visualization of data, and allowing 

him/her to exploit the innate human capacity for visual pattern recognition. Real-

world features can be represented as discrete points, lines, polygons (i.e., two-

dimensional entities called “vectors”) or continuous fields of square cells (“rasters”), 
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organized in superimposed layers according to the user’s preference. The key 

element in a GIS is the assignment of a spatial location to every feature, which is 

stored in the spatial database, so that all features in all layers can be viewed and 

analyzed in their true spatial relationships. The latest generation of GIS software is 

designed to handle three-dimensional data (both calculation and display) and can 

perform a variety of statistical functions.16

In the past 15 years remote sensing and GIS have become essential 

components of many archaeological projects.17 In the case of Metapontion they offer 

the possibility of establishing the positions and orientations of, and intervals between, 

“division line” features in the historic aerial photographs with greater accuracy and 

precision than previously attainable via traditional methods. The user can display the 

georeferenced aerial photographs in the GIS and trace the visible linear features on-

screen, recording them in a data layer which stores detailed information about their 

locations, orientations, and any attributes the user might want to attach to them.  

The remote sensing/GIS approach was first applied to the Metapontine 

landscape organization by a team of ICA researchers.18 The results confirmed the 

flaws in the abstract thinking of Uggeri, Vatin, and Guy: both sets of “division lines” 

are not uniformly parallel, and the intervals between them vary by as much as ca. 

40m. Thus the oft-cited 205/210/220/240m intervals should be considered average 

figures or occasional intervals, rather than absolute figures from which one can 

deduce the type and length of unit employed in the Metapontine landscape 

organization (whether foot, plethron, or stadion). 

 

Schmiedt and Chevallier, Uggeri, and Adamesteanu and Vatin all assumed 

that the Metapontine “division lines” were man-made features although they lacked 

hard archaeological evidence to prove it (beyond the indirect evidence of tombs). In 
                                                 
16 On the evolution and capabilities of GIS, see Wheatley and Gillings (2002) 9-16. 
17 One of the earliest applications was Gaffney and Stančič (1991), now significantly updated 
by the study of Slapsak and Kirigin (2001). For subsequent work, see Lock and Stančič 
(1995), Gillings/Mattingly/van Dalen (1999), and Pasquinucci and Trément (2000). 
18 Carter/Thompson/Trelogan (2004) 131-133. The overall results are sound, but there are 
significant flaws in the methodology that call the details into question. Chapter 3 (pp. 113-
122) contains a detailed critique of the methods and describes an improved methodology 
which I have developed. 
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the years just before that evidence was finally acquired (see pp. 68-75 below), a 

researcher in the natural sciences studied the Metapontino from a different 

perspective and came to a radically different conclusion. 

 

4. The influence of regional geology? 

 

R.L. Folk, professor of geology at the University of Texas, studied the 

structural and development geology of the Metapontino in detail on behalf of ICA in 

1980-1981.19 He concluded that the “division lines” are entirely natural in origin. 

According to his report, deep subsurface geological faults cause the landscape to 

fracture naturally along the same orientation as the “lines,” on either side of the 

Basento; these fractures form natural, and naturally parallel, drainage channels.20 At 

the same time ancient sand and gravel shorelines formed on the terraces as the sea 

retreated in the Pleistocene era, in a direction that is nearly perpendicular to the 

geological faulting; these relic beach-lines serve as barriers to drainage flow, causing 

streams and gullies to deviate onto courses parallel to the shore in order to drain into 

the river valleys below. These factors have created a pervasive “trellis” drainage 

pattern that often appears geometrically regular.  

Folk also presented a series of specific objections to an anthropic origin of 

the “division lines”:  

• torrential water-flows on the terraces of the Metapontino do not need to be 

channeled – water is quickly absorbed due to the naturally good drainage of 

the loose soils and the low gradient of the marine terraces; 

• the irregular spacing of the “lines” and their consistent truncation by natural 

streams and gullies are consistent with a natural origin; 

                                                 
19 Folk (1982). 
20 The same phenomenon has been documented in, e.g., southern Campania and northern 
Calabria: see de Cristofaro (1988) 1335-1336 and fig. 2, and Carobene and Ferrini (1993) 
237-238 and figs. 9-10. At Himera in Sicily, too, a series of parallel and repeating geological 
fault lines, originally interpreted as anthropogenic in origin, has been noted: Marescalchi 
(1988) 50-52; Belvedere (2001) 722-723. 
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• such a massive excavation project would have left equally massive spoil-

heaps, visible on the ground and from the air, but none can be found21; 

• the amount of labor necessary to create the “lines” would have far 

outweighed any potential benefit; 

• significant physical attributes of the “lines” point clearly to natural processes – 

the disregard for right-angle geometry in the arrangement, the wide variation 

in width and depth of the extant specimens, and the absence of obvious 

anthropogenic characteristics in their sections (e.g., the “overlapping spurs” 

observed in all ditches by Folk are found only in naturally formed drainages);  

• the visible “lines” are oriented directly toward the asty, so that the water 

would have been funneled into the flat coastal plain. 

Folk’s objections have been rendered largely obsolete by the excavation of 

several “division lines” and the proof of their anthropic origin (see pp. 68-75 below), 

but he nevertheless made a significant contribution to the debate in demonstrating 

that the regional geology influences the appearance and use of the landscape at a 

macroscopic level. Even though the Metapontines could not observe or understand 

the subsurface geology, they could perceive the overall northwest-southeast 

orientation of the landscape and designed their ditches to coincide with it (for 

reasons that will soon become apparent), just as they frequently settled on the relic 

beach lines and terrace edges because of the ready availability of water there, 

without understanding why or how water accumulated in those places. 

A second important contribution by Folk is the realization that the orientation 

of the ditches and the general declining slope of the land (see p. 140) would have 

combined to move water down into the coastal plain. Chapter 4 of this study argues 

that what appeared to Folk as folly may have been a unique water-management 

system designed to provide a steady supply of water to elevated areas. 

 

                                                 
21 Uggeri (1969: 53), however, observed strips of pale soil beside many of the dark division 
features and interpreted them as the clay and gravel spoil-heaps left over from the initial 
excavation. These strips are in fact more likely to have been cleared/beaten paths like the 
Herakleian antomoi (see pp. 77-81 below), necessary for communication within the chora, 
and may even represent the original field boundaries – see pp. 184-185. 
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5. The archaeological evidence 

 

Early investigations of the Metapontino were in general concerned with the 

geometric arrangement of the linear features, so that there is little description of their 

physical traces. One of Uggeri’s22 most important contributions to the study of the 

Metapontine landscape organization, as noted on p. 14, was the first detailed 

observation of the characteristics of the “division lines” themselves. He measured 

several of them on the ground and found that their depth varied from approximately 

1m to as much as 10m, contrasting sharply with their consistent relative narrowness 

(1-3m).23 Moreover, he observed that flanking tombs on opposite sides of a “division 

line” in the Pizzica locality were never separated by less than 8m, suggesting that the 

features were wider than they appeared on the surface. The v-shaped sections of the 

ditches persuasively demonstrated, for Uggeri, an ancient function as drainage 

canals rather than roads, which he imagined were gradually deeply incised by two 

millennia of rainwater erosion. In gently-sloping areas of the chora he found the 

linear features to be full of dark earth, which he assumed were deposits left by slow-

moving water-flows. In heavily-eroded areas, in contrast, he found them to be deep 

streams no longer following the original orientation.24

Adamesteanu observed two “division lines” in contrada S. Fara, near the 

monumental late-7th century rural sanctuary of Artemis at San Biagio overlooking the 

Basento valley, one of which he reported as measuring 6.5-7m (approximately 20 

Greek feet) in width. (This figure corresponds to the width of certain public paths in 

the chora of Herakleia, as will be described in a subsequent section.) He noted that 

the flanking tombs (with pottery ranging in date from 560 to 280 BC) never interfered 

                                                 
22 Uggeri (1969). 
23 Uggeri’s topographic findings give a picture of the “division lines” that is very different from 
the picture created by the archaeological data in excavated “lines,” which appear with much 
greater width than depth (see pp. 69-72 below). But Uggeri had only surface remains to 
study; no “division lines” had been excavated at the time. His observations are interesting 
nonetheless because they demonstrate the powerful, concentrated erosive forces active in 
the region (see pp. 157-161) – a relatively narrow (1-3m) ditch could be eroded to a depth of 
10m. 
24 Several of these observations were confirmed in the 1999 ICA excavations – see pp. 71-74 
below. 
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with the “division lines” and indeed appeared to avoid them intentionally.25 This was 

an important reason, he felt, to date the whole system early in the history of the 

chora, contemporary with its earliest settlement in the late 7th/early 6th century BC 

(the date of the earliest pottery he found in his exploration of the main sanctuary at 

Metapontion).26

In 1984, after 25 years of research “from the air,”  ICA at last uncovered one 

of the much- and variously discussed “division lines” in a rigorous and systematic 

excavation.27 In a gently-sloping area immediately northwest of the intersection of the 

excavated “division line” and the larger “Basento Road” (see Figure 1.8), the “division 

line” appeared in the form of a ditch with roughly v-shaped section (Figure 2.1). It 

had been filled with heavy, dark, gray-brown soil that stood out clearly against the 

yellow clay forming the surrounding slopes. In a more nearly level part of the same 

area, further to the southeast, the same fill appeared as a flat surface flanked by a 

small drainage ditch on its south side. That flat surface, which Carter identified as a 

road, was ca. 3m (10 feet) wide; the combined width of “road“ and drainage ditch 

was an average 6m (20 feet). South of the intersection, the “road” and ditch could not 

be found at all; it appeared to have been removed by erosion or agricultural work. 

But there was still a 9m- (30 foot-) wide strip of undisturbed soil almost entirely free 

of the burials that crowded along its sides, fully confirming and documenting the 

observations of Adamesteanu and Uggeri about the association of “division lines” 

and tombs.28 The presence of at least one destroyed tomb and several disturbed 

ceramic deposits within this strip suggested to Carter the existence of a previous 20-

foot strip, later expanded by 10 feet with unhappy consequences for these earlier 
                                                 
25 Adamesteanu (1973) 53. 
26 San Biagio: Mertens-Horn (1992). Sanctuary of Metapontion: Adamesteanu (1974) 22-24. 
The question of chronology is revisited in an upcoming section. 
27 Carter (1998a) 33-46. 
28 The widths of the “division line road” above and below the crossing – 20 and 30m – 
correspond to the widths of several linear features reported in the Herakleia Tablets (Carter 
1998a: 44, and see pp. 80-84 below). Even more interestingly, perhaps, the intersection of 
two linear features in the lands sacred to Dionysos (Tablet I.80-82) was marked with two 
pairs of boundary-stones placed at the four corners, one pair 30 feet apart, the other 20 feet 
apart, indicating that the width of the feature was different on either side of the intersection. 
This in turn suggests that the change in the width of the Pantanello “division line” could have 
been intentional, rather than an accident of history and preservation. See also 
Carter/Thompson/Trelogan (2004) 134-135. 
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burials. Although the earliest intact burials dated to ca. 480 BC, there was enough 

ceramic evidence from the previous century of the colony’s life found along the 

“division line” to indicate, according to Carter, that another linear feature probably 

existed before it in the same position and may have been replaced by it in a general 

reorganization of the chora in the late Archaic period (ca. 480 BC). 

The excavation of the first “division line” was a milestone in the history of the 

Metapontine landscape. In the case of the Pantanello example, at least, it provided 

the first hard evidence for form (ditch) and replaced the many preceding 

chronological hypotheses with a verifiable limit (early 5th century). 

The other linear feature of the Pantanello Crossroads, the “Basento Road,” 

met the “division line road” at an angle of 76/104 degrees (Figure 1.8). (Its orientation 

is unrelated to any proposed geometric arrangement.) It took the form of a flat-

topped bed of gray-brown gravel approximately 5.75m (nearly 20 feet of 0.295m) 

wide, with sides sloping outward as they descended (Figure 2.2). The road was 

flanked by a ditch on one side, which contained abundant ceramic fragments (the 

remains of older tombs), and a reserved strip on the other; the combined width of all 

three features was ca. 9m (30 feet).29 West of the necropolis, where the surface 

began to slope downward as it entered the Basento valley, the road with flanking 

ditch and strip became a single 30-foot wide gravel gully with v-shaped section, in 

which a central channel 20 feet wide (corresponding to the “road” surface in the 

necropolis area) was nevertheless discernible (Figure 2.3). 

The “Basento Road” clearly originated, according to Carter, as a stream-

channel that carried torrential runoff from the slopes to the north and northeast, 

depositing gravel in a uniform bed on the gentle slope where the necropolis lay, then 

dragging the gravel chaotically over the terrace-edge to the southwest.30 The 

                                                 
29 The width of the “Basento Road” is identical to the width of several roads in the chora of 
Herakleia (Carter 1998a: 36; see the following discussion of the Herakleia Tablets, pp. 80-
84). 
30 M. Lacava (1891: 120), who never once encountered an ancient road in his travels 
throughout the late-19th century Metapontino, except in the asty (and there paved in cobbles), 
coincidentally recommended precisely the form of the “Basento Road” at the level of the 
necropolis – gravel surfacing and flanking ditch – as a solution to the chronic washing-out of 
the rural roads in his own day. The recommendation probably was based on personal 
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ceramic evidence in the burials flanking the “Basento Road” suggested that the 

Metapontines began to use the prehistoric stream-bed or gravel beach as a road ca. 

600-550 BC.31 The discovery of a 4th-century BC bronze coin in the gravel of the 

ditch indicated that the “Basento Road” was still in use in the colony’s waning days 

and could represent a terminus post quem for the general abandonment of the 

landscape organization. 

While ICA was excavating the Pantanello Necropolis, the Soprintendenza 

undertook the excavation of a smaller necropolis (ca. 80 burials) at a second 

intersection of the “Basento Road,” with a “division line” to the northeast, on the site 

of the future Metaponto Agrobios laboratory (Figure 1.9). This second “division line” 

was considerably narrower than the feature passing through Pantanello (no 

measurements given). The distance between these two “division lines” – that at 

Agrobios being the third visible feature south of the central feature, that at Pantanello 

being the sixth – was estimated at 630-640m. Measuring the widths of the intervals 

between the “division lines” south of the central feature, Carter found distances of 

210, 220, and even 265m. Excavated tombs south of the Agrobios necropolis and 

destroyed tombs east of the same necropolis marked the positions of two additional 

“division lines” (not investigated). Carter, like Guy, also postulated a connection 

between the surveying units of the asty and those employed in the chora, and thus 

the possible contemporaneity of the urban and rural organizational schemes.32

 

The longitudinal “division line” in the Pizzica locality excavated in 1999 by ICA 

in collaboration with the Soprintendenza (Figure 1.10) was a ditch with gently-sloping 

sides approximately 6m (20 Greek feet) wide at surface-level, 3.5m wide at its base 

                                                                                                                                         
observation of river- and stream-beds. (For Etruscan roads in central Italy using the same 
construction technique, see Ward-Perkins 1962: 1641.) 

Dem. 55.16-17 describes the opposite situation: the defendant notes that Attic 
farmers often used public roads as drainage channels to remove torrential runoff from their 
properties. The two types of features were clearly easily interchanged. 
31 A. De Siena (2001: 763), director of the Metaponto Museum, dates the channel’s use as a 
road slightly earlier, to the second half of the 7th century BC. 
32 Carter (1998a) 45-46. 
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(Figure 2.4).33 Carter identified this feature as a road, notwithstanding its form; he 

saw no traces of the soil, gravel, or sand deposits that tend to mark water-carrying 

channels.34 A narrow channel bearing these telltale traces of water-flow was 

discovered flanking the “division line” on its southern side, albeit in only one of the 

two excavated areas.  

                                                 
33 Carter (1999) 23-24; Nava (2000) 685-688; Carter/Thompson/Trelogan (2004) 133-136, 
noting the correspondence with features described in the Herakleia Tablets. 
34 Cf. a natural gulley cutting through the “Basento Road” at the Pantanello Necropolis (Carter 
1998a: 38-39 and fig. 2.11), which did have such deposits. The Soprintendenza, contra 
Carter, reports that the bottom of the main ditch feature in Pizzica was characterized by sand 
and detritus deposits, as well as a small quantity of ceramic fragments, evidence considered 
consistent with the drainage function originally proposed by Schmiedt and Chevallier (A. De 
Siena, cited in Nava 2000: 685). 

A general feature of ancient roads in the territory of Metapontion is a filling of gravel 
or cobbles, which probably served as a stable surface through which rain could pass and 
filter into the soil, leaving the road passable. This was the construction technique of the 
ancient “Basento Road,” as well as the technique recommended by Lacava to make roads 
more reliable in the 19th century (see Note 30 above). In my opinion, therefore, the 
Soprintendenza has correctly interpreted as a road a cobble-paved surface flanking a ditch at 
its sito/saggio C (excavated in 2000), ca. 420m west of the ICA/Soprintendenza excavations 
(De Siena cited in Nava 2003b: 132 n. 71). Surprisingly, however, the Soprintendenza has 
interpreted a cobble-paved depression with trapezoidal section in the San Salvatore locality 
(sito 29) as a drainage ditch rather than a road; the published photograph of the “ditch” 
clearly shows a feature with a thick, flat, stone-paved surface more appropriately described 
as a road (De Siena in Nava 2003a: 676 and pl. XL.1). The archaeologists report surprise at 
discovering that this “ditch” never carried the discharge for which it was intended; the runoff in 
fact immediately formed a natural channel to one side of the “ditch.” The ancient 
Metapontines were doubtless better engineers than the archaeologists believe: it is highly 
unlikely that the settlers would have taken the trouble to create a channel so carefully and 
then blithely watch the runoff form its own path, unchecked. The thick cobble fill 
unambiguously indicates that the feature was designed as a road – the stones would have 
impeded the flow of water through the trench (contrary to the opinion of the Italian 
archaeologists). The road appears to have been created in a natural depression and thus 
forced the runoff to find a new, unobstructed path down the slope. 

The excavators also admit that the San Salvatore area may have been sacred. The 
cobble-lined basins contained fragments of numerous drinking and pouring vessels, often 
found in association with cultic activity, and the votive deposit of the “ditch” (see the 
preceding paragraph) contained numerous examples of the miniature vessels commonly 
found at Metapontine sanctuaries (De Siena in Nava 2003a: pl. XL.2; cf. the finds from the 
Pantanello Sanctuary in Carter 1994: 183-198). A new road associated with a sanctuary or 
other sacred feature in the vicinity was more likely to have been dedicated with formal rites 
than a utilitarian drainage ditch. 

Cobbles are not a completely reliable means of identifying roads, however. A 
prehistoric dirt road in the San Teodoro locality south of the Basento continued to be used in 
the colonial period; in the 6th or 5th century concave ditches with cobble lining were added to 
either side to remove runoff (De Siena in Nava 2003a: 670 and pl. XXXV.1). 
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The surprise discovery of a quarry beneath the longitudinal “division line” 

immediately north of the intersection (Figure 2.5) provided a probable terminus post 

quem for the dating and orientation of the territorial organization. The quarry’s 

puddinga stone (loosely-cemented calcareous marine conglomerate) was recognized 

as the same type of stone used in the foundations of some of the earliest buildings in 

the asty (for example, the earliest sacred structure in the sanctuary of Metapontion, 

“Oikos C,” 600-550 BC) and in the chora (the earliest phase of the Pantanello 

Sanctuary, also 600-550 BC)35, while well-incised wheel-ruts in the stone 

(presumably left by the carts used to haul the clearly demarcated monumental blocks 

to their destinations) followed the orientation of the later “division line.”36 The ruts, 

like the scattered ceramic evidence from the Pantanello Necropolis, suggest an initial 

organization of the chora by at least the early 6th century BC, shortly after the 

foundation of the colony, eventually supplanted by the well-organized territorial 

system consisting of “division lines.” Furthermore, they support Carter’s argument 

that at least some of the “division lines” in the Metapontino functioned as roads, 

since this particular feature had clearly once served as a carriage-way.37 The two 

                                                 
35 For “Oikos C,” see Mertens (1999) 254; for the Pantanello Sanctuary, see Carter (1994) 
174. See also De Siena (2001) 766. The poor quality of the local conglomerate encouraged 
the Metapontines to discontinue its use in civic architecture as soon as the colony became 
wealthy enough to import sandstone from neighboring Apulia (Mertens 1999: 251). Puddinga 
was employed as lid-slabs for limestone sarcophagi in the 5th century (Carter 1998b: 75) and 
eventually reappeared in the asty when the colony’s fortunes sank irreversibly, in the 3rd 
century, forcing the Metapontines to revert to the poorer materials of the colony’s early years 
(Mertens 1999: 251). 
36 The coincident orientation of the ruts and the ditch could be dismissed as a one-off, since 
there is no 6th-century evidence for that orientation beyond the tombs at S. Fara (see pp. 68-
69 above). But their projected path (see Figure 3.2, segment L09b) would arrive at a point 
outside of the asty, between the Bradano and the northern walls, which indicates that the 
orientation was clearly dictated by considerations other than efficient transport, as will 
become apparent in Chapter 3. 
 A similar road, 4.5m wide and bearing incised parallel ruts left by passing carts, was 
discovered in the middle of a 5th/4th century BC necropolis at Poseidonia-Paestum, indicating 
that there, too, certain sections of the ground were completely denuded of soil and that the 
Italiote Greeks presumably appreciated the stability and traction of stone for wheeled 
transport (Osanna 2001: 216).  

A cart (drawn by hinnies) is depicted in a hieros gamos scene which formed part of 
the terracotta frieze from Oikos C at Metapontion – Mertens-Horn (1992) fig. 46, pls. 8-10. 
37 Even if the “division lines” at Metaponto were created primarily to drain the landscape, as 
early topographers suggested, it is not impossible that they served as some manner of 
transport or communication artery. Here the important considerations are construction 
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necropoleis excavated alongside the “division line” (ICA field survey Sites 736 and 

737) yielded a total of 13 tombs of the early 5th-late 4th/early 3rd centuries BC, again 

suggesting (as does the evidence from the Pantanello Necropolis) that the “division 

lines” began to attract burials by the early 5th century, and possibly earlier. 

The transverse linear feature identified at Pizzica intersected the longitudinal 

“division line” at an angle of 83/97 degrees (Figure 1.10) – more or less the angle 

derived by Vatin, contrary to the “prevailing wisdom” that otherwise sees Greek 

surveying geometry as strictly orthogonal. The unexpected third feature, branching 

out of the longitudinal “division line” to the north/northeast ca. 50m northwest of the 

intersection of the longitudinal and the transverse “division lines,” formed an angle of 

approximately 30 degrees with the longitudinal feature (judging from the only 

published excavation plan38). The width of the diagonally oriented third linear feature 

could not be determined due to its poor preservation, and therefore its function 

remains a matter of speculation.39

The 1999 ICA campaign presented an opportunity to measure the degree of 

alignment between the “division lines” and the plan of the asty. The team traced the 

exposed length of the central street (Plateia A) with a high-precision Global 

                                                                                                                                         
technique and seasonality. In the dry season (April-October) the ditches would be easily 
passable to foot- and hoof-traffic; such use would actually enhance their water-conducting or 
-retaining capacity, by compacting the soil on the floor and walls, rendering it less permeable. 
(For percolation through porous canal walls, see Charles 1988: 14 and 30, citing a figure as 
high as 20% of the volume of water passing through a typical Near Eastern canal.) 
Otherwise, immediately before and after, as well as during, the rainy season 
(October/November-March) the ditches would have become frequently muddy and 
impassable, unless paved (e.g., with gravel), and therefore unreliable. Cultivators would have 
needed to tend their fields during the rainy season, so one must assume that there was also 
a network of beaten paths and roads at ground-level, probably lined with small drainage 
ditches. (Uggeri [1969: 53] noted the frequent presence of lighter soil lining the edges of the 
“lines”; these suggested to him the possibility that the Greeks compacted the spoil-heaps left 
by the original excavation of the features and used them as foot-paths.) Another factor 
affecting the presence of traffic would be the state of maintenance of the ditches: those left 
full of mud and vegetation for long periods of time probably would have been avoided. 
Overall, it is likely that there was a preference for dedicated roads and paths on the surface 
to guarantee travel throughout the chora regardless of season or weather conditions. 
38 Carter (1999) 33 bottom. 
39 Carter (pers. comm. 2005) suggests that it may have been a drainage ditch feeding into the 
longitudinal “division line” feature. 
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Positioning System receiver. The orientation of the “division lines” and the orientation 

of the urban features were found to be practically identical. 40

In 2000 the Soprintendenza excavated another five “division line” features, 

shaped as ditches, in the center of the Pizzica locality astride the Gravaglione 

stream, each of which was flanked by small rural cemeteries of affluent residents (to 

judge by the grave goods and tomb types).41 The best-preserved of the “lines” 

measured 3.5-4m (ca. 12 Greek feet) in width and displayed clear signs of the 

passage of water (sand, detritus, sporadic downwashed ceramic fragments).42 The 

intervals between “lines” (presumably measured on the ground) were reported as 

variable, ranging from 200 to 215m. Although most of the tombs dated to the 4th/3rd 

(and even 2nd) centuries BC, the earliest were found to date to the mid-5th century, 

and the Italian archaeologists have proposed this as the chronology for a general 

land-reclamation project.43

 

                                                 
40 Guy (1995: 441) had noted that the “division lines” between Bradano and Basento were 
very closely aligned with the long sides of the two largest sacred structures in the urban 
sanctuary, Temples A (Hera) and B (Apollo), both of which are aligned with Plateia A. 
41 Nava (2001) 946-950. A photograph of one of the Pizzica features appears in Nava (2002) 
pl. LXVIII.2. 
42 All of the ditches observed or excavated in the Metapontino so far have v-shaped or 
concave sections. These forms match the instructions of Columella (De re rustica 2.2.9):  

si umidus erit, abundantia uliginis ante siccetur fossis. earum duo genera 
cognouimus, caecarum et patentium. spissis atque cretosis regionibus apertae 
relinquuntur; at ubi solutior humus est, aliquae fiunt patentes, quaedam etiam 
occaecantur, ita ut in eas ora hiantium fossarum conpetant, sed latius apertas 
summa parte decliuesque et ad solum coartatas imbricibus supinis similes facere 
conueniet. nam quarum recta sunt latera, celeriter aquis uitiantur et superioris soli 
lapsibus replentur. 
If it (an untilled piece of land) is damp, the superfluous moisture must first be 
drained off with ditches. Of these we are familiar with two kinds – blind and 
open. In tracts of hard-packed and chalky soil they are left open; but where 
the ground is of looser texture some are made open and some of them, too, 
are covered over, though in such a way as to connect with the mouths of the 
open ditches. But it will be best to make open drains wider at the top, and 
sloping and narrowing together at the bottom, like inverted roof-tiles; for 
those whose sides are perpendicular are quickly eroded by water and are 
filled in by the slipping of the earth above. 

See also Pliny the Elder, N.H. 18.47. 
43 Two more “division lines” were excavated at opposite ends of the Basento-Cavone area, 
but no specific information has yet been provided about them (Nava 2002: 739-740). 
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In two decades excavation has generated the most significant data for the 

Metapontine landscape since the publication of Schmiedt and Chevallier’s 

aerophotographic study. There is now, finally, documentation of the forms of the 

features, sampled at various points across the territory: the “division lines” were 

ditches, roads, and unplowed strips of varying width, frequently lined with tombs or 

whole cemeteries and occurring at irregular intervals. The picture of the chora of 

Metapontion created by archaeology is remarkably similar to the picture of the chora 

of Herakleia that comes from a close reading of the Herakleia Tablets, as the 

following section explains. 

 

 

II. The Chora of Herakleia and the Herakleia Tablets (Figures 2.6-8) 

 

 The Herakleia Tablets are not actually texts about landscape organization, in 

the sense that they do not describe in detail the methods and instruments with which 

the landscape was surveyed and the features arranged, the considerations involved 

in the planning of its infrastructure, or the techniques used to construct its features. 

The man-made features referenced as landmarks in the Tablets in fact indicate that 

the areas described had been organized prior to the inscribing of the two Tablets. 

The Tablets are, instead, a distilled record of two cadastral surveys (a formal 

procedure that establishes the extent, value, and ownership of a landed property) 

with the immediate purpose of reclaiming sacred lands and the rents they generated; 

the reconstituted properties were then leased to private citizens for agricultural 

exploitation, under specific conditions of maintenance and use. Scattered throughout 

the catalog of activities and properties in the Tablets are references to the physical 

components of the rural infrastructure – some pre-existing, others newly-created – 

and the topography of the chora.44 Thus the Tablets provide a mixture of direct and 

indirect evidence for Greek landscape organization practices. 

                                                 
44 It is clear in the text that the features described are either “longitudinal” or “transverse” in 
orientation and therefore “geometrically” arranged, even if loosely. Published plans of the two 
sacred properties (e.g., Uguzzoni and Ghinatti 1968: 173, 176, 192; Ghinatti and Celato 
1968-1969: 192) generally depict their arrangement as orthogonal, as do the relevant figures 
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1. Antomoi: definition and function 

 

 The most prominent features of the Herakleian landscape are the numerous 

evidently linear features that crisscross it. The most common feature is the antomos 

(ἄντομος), although its nature eludes simple description. It is distinguished from the 

rural roads (see pp. 81-84 below) but seems to function in a similar manner – i.e., to 

facilitate movement within the chora and mark the divisions of the rented lands into 

comparable, measurable units. The term itself, moreover, is unique to the Herakleia 

Tablets, so that it cannot be defined but through the Tablets themselves. This section 

therefore begins with a linguistic and semantic analysis, before considering the 

evidence in the Tablets. 

Following typical West Greek dialectal morphology, ἄντομος is a shortened 

form of ἀνάτομος (anatomos)45, a term sharing a common derivation with ἀνατομή 

(anatome – ”breaking or cutting up/open,” from the verb ἀνατέμνω/anatemno). 

These words fall neatly into the common Greek pattern in which agent derivatives 

are formed with masculine –ος suffix, and related action derivatives are formed with 

feminine –α (Doric) / –η (Ionic) suffix.46 Ἄντομος/ἀνάτομος therefore has the 

approximate meaning of “something that cuts up/open (something else).”  

The only other documented reference to this term is a lexicographical gloss: 

“ἀντόμους : σκόλοπας. Σικελοί” (“antomoi : stakes, according to the Sicels”47). In this 

context it is unclear whether an antomos is a single stake or a collection of several 

stakes; the latter meaning is more logical, since many stakes placed together in a 

line form a fence, which is a device for “cutting up” a territory. A. Peyron extended 

the meaning of ἄντομος/ἀνάτομος to “piece of terrain that has been cut, or empty of 

every planting and cultivation.”48 The synthetic view, found in the standard Greek-

                                                                                                                                         
of this study, but there is no direct evidence to this effect beyond the vague statements that 
certain newly planted boundary-stones “were geometrically aligned” (ἂν εὐθυωρείαν 
Ηομολόγως) with others (I.65-66, 72-73). 
45 Apocope of prepositions – see Buck (1955) 81-82 §95. 
46 Buck (1933) 315-316. 
47 Hsch. 5530.1, 
48 Peyron (1871) 187, followed by Uguzzoni and Ghinatti (1968: 61-62). 
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English lexicon, is a “road adjoining . . . a fence (of stakes/pales).”49 (This was later 

emended to read “divider, hence unploughed land between plots,” reverting to 

Peyron’s interpretation.) 

The antomoi in the chora of Herakleia have a restricted, recurring set of 

characteristics in the Tablets which provide further evidence as to their form and 

function. Two of the four boundaries of the lands sacred to Dionysos were marked by 

antomoi (I.86-88) which, with one exception, bear one of two attributes: either (1) 

“leading alongside” (παρἄγειν) or simply existing “alongside” (παρ) the properties of 

private landowners (I.15, 57-58, 68-69, 86-88, 89, 91-92), or (2) explicitly 

“separating” or “dividing” (ὀρίζειν) the sacred lands from the neighboring private 

properties (I.13-14, 31-32).50 These are characteristics of any of the proposed 

definitions discussed above – too vague for drawing firm conclusions. Certain 

antomoi, however, seem to have connected locations: the first antomos in Tablet I 

“leads above Pandosia” (I.12), one of the antomoi defining an edge of the lands of 

Dionysos extended “alongside Pandosia” (I.54-55), and the first antomos introduced 

in Tablet II “leads from Kainai” (II.11); a fourth example, in the lands sacred to 

Athena, “cuts across the lands and leads to the river” (II.65, 72, 81, 88, 93-94, 100).  

The choice of a verb expressing a sense of direction and/or the inclusion of a 

specific origin or destination indicates that these antomoi were a type of 

thoroughfare, or at least a (bare) surface frequently used for travel and/or transport. 

That some of them stretched considerable distances (presumably several 

kilometers), such as to the nearby settlements of Pandosia and Kainai (the exact 

position of neither of which is known, unfortunately51), also suggests a road or 

                                                 
49 See LSJ. 
50 One of these antomoi is described with both attributes at I.54-55. 
51 Kainai is attested only in the Herakleia Tablets (II.11). Pandosia is of greater interest 
because it appears several times in Herakleia Tablet I (ll.12, 54, 64, 70, 113-114), where it 
marks a corner of the lands sacred to Dionysos. (Pandosia is also mentioned in Plutarch’s 
account of the Pyrrhic War – Pyrrhus 16.4.) Consequently it is a fundamental point of 
reference for locating the sacred lands in the terrain around the modern settlement of 
Policoro. Guy (1998: 269), for example, misinterprets the orientations of the several antomoi 
associated with Pandosia and consequently reaches an incorrect conclusion about the 
location of the sacred lands. Bianco’s (2001: 807) recent identification of the “streams” in 
Tablet I (ll. 17, 22, 27, 32, 56, 87) with a series of spring-seeps in the Agri valley just below 
Anglona is attractive, but the geomorphologic instability of the region is known to alter the 
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beaten surface, rather than a fence – the extension of a single fence to a settlement 

several kilometers away, and located at a significantly higher elevation, is illogical. 

Any antomos could be named according to its proximity to a prominent local 

topographic feature, structure, or property-owner, as is the case in much of Tablet I. 

The naming of certain ones in relation to settlements is unusual and suggestive of an 

important public use or function that could not be provided by fences. 

 

There are two additional pieces of evidence, small but compelling, arguing for 

antomoi as cleared strips of land and/or thoroughfares, rather than fences. At I.53-76 

the boundary-magistrates recorded the erection of a total of 14 boundary-markers 

(ὅροι/horoi – see pp. 85-88 below52) alongside two of the antomoi that formed 

opposite borders of the lands sacred to Dionysos: seven horoi each along the 

antomoi that separated the sacred lands from the properties of Heroidas and of 

Phintias. These horoi were arranged in four “groups” along each antomos, with the 

first group (I.53-59) consisting of just one horos; the remaining three groups on either 

antomos consisted of two boundary-markers each, placed on both sides of the 

antomos (for a total of 12 horoi) in perfect geometric correspondence with the other 

markers (stated explicitly at I.65-66 and 72-73). In two places (I.62-63 and 75-76) the 

boundary-magistrates noted that the markers were positioned precisely 20 feet apart 

(coincidentally, the width of several “division line” features in the chora of 

Metapontion – see pp. 69-72 above), with the explicit intention of marking the edges 

of an antomos. The choice of verbs and expressions in both instances (“. . . leaving a 

20-foot antomos” and “. . . standing apart from each other so as to create [literally, 

“so that there is”] a 20-foot antomos”, respectively) suggests that an antomos was 

not formally constructed (i.e., a ditch was excavated and refilled with gravel), nor was 

it a pre-existing construction. It was merely a strip of empty land running between 

two pieces of property. 

                                                                                                                                         
direction and strength of water-courses over centuries (see p. 159), so that Bianco’s 
hypothesis cannot be accepted without stronger evidence. On the problems of locating and 
identifying Pandosia, see Greco (1992) 34-40. 
52 In the Herakleia Tablets horos is not aspirated (appearing therefore as “oros”), but in this 
study the term is used in the common aspirated (Attic) form for convenience. 
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The last piece of evidence is the most telling: at II.65-67 the boundary-

magistrates referred to an antomos “which cuts across the lands, which we cut from 

the ‘twentier’ to the river as a public path for the use of all those renting the sacred 

lands.” Presumably the “cutting” of this antomos refers to the geometric subtraction 

of the required strip of land from the surrounding terrain during survey, leaving some 

form of obvious identification: certainly the horoi used to define plots parallel and 

perpendicular to the axis of the antomos (II.73ff. – see Figure 2.8), and very likely the 

physical clearing of the strip in question. Clearing would have been necessary to 

make the antomos serviceable as a thoroughfare for the occupants, unless the land 

happened to have been cleared of brush and scrub previously – also a reasonable 

possibility, given that the land in question, lying alongside the Akiris River (and 

therefore certainly overgrown before reclamation), had been illegally appropriated by 

local farmers who would have had to clear paths for their own use. 

Finally, it should be noted that there is a striking similarity of expression in the 

recording of the creation of antomoi and the other type of path (πόθοδος/pothodos – 

see p. 84 below): 
 
I.62-63 (in the context of setting up horoi) “. . . leaving a 20-foot antomos”  
(. . . καταλιπόντες Ϝικατίπεδον ἄντομον) 
II.74-75 (in the context of dividing plots) “. . . we left a 20-foot path . . .”  
(. . . κατελίπομες πόθοδον . . . Ϝεικατίπεδον . . .) 
II.43-44 (in the context of dividing plots) “. . . we cut a public path . . . 20 feet wide . . .”  
(. . . ἐτάμομες κοινὰν πόθοδον . . . Ϝικατίπεδον . . .) 
II.65-66 (in the context of dividing plots) “. . . the antomos . . . which we cut . . .”  
(. . . τὸν ἄντομον . . . τὸν ἐτάμομες . . .) (defined as 20 feet wide at II.72-73) 

 

Both features are “cut” (a single procedure can be assumed), and both are 20 feet 

wide (although one of the “paths” has two parts – one 20 feet wide, the other 8 feet 

wide). The coincidence is remarkable and reinforces the identification of an antomos 

as a cleared and beaten path, rather than a mere unplowed strip (which could still be 

overgrown with wild vegetation), although every antomos was clearly meant to be left 

uncultivated. The use of two different terms for the same concept (antomos and 

pothodos) is at first confusing, but a hierarchy of use appears to have existed: 

pothodoi crossed short distances and could cut across fields in order to reach 
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structures, while antomoi could cross long distances and ran only alongside fields in 

order to help delimit them. 

Not all antomoi in the Tablets are identified by their widths. The only three to 

be so identified are consistently 20 feet wide and are located in two different parts of 

the chora (I.62-63, 76; II.71-73). The motives for specifying width in only these three 

cases are clear: in the first two instances, a boundary that had been overrun by 

neighboring landowners was re-established (a fate not shared by either of the two 

“longitudinal” antomoi – the one “alongside Pandosia” and the one bordering the 

property of Koneas son of Dion – or the two unlabeled transverse antomoi in the 

middle of the lands sacred to Dionysos); in the third instance, a new antomos was 

created. In both cases declaration of the width served to remind the lessees of the 

public nature of those paths, to prevent future incursions by another Heroidas or 

Phintias. Thus it is reasonable to suggest that a Herakleian antomos had a standard 

width of 20 feet. 

 

The antomos in the chora of Herakleia was therefore a strip of cleared land, a 

form of “path” and not a true road. The antomoi indeed “cut up” the countryside, 

exactly as their name indicates – they were ubiquitous in the chora of Herakleia. At 

the level of locality (a rural “neighborhood,” usually defined by a distinct topographic 

feature such as the maeander of a river or a depression), they gave renters access 

to fields and advertised the division of land into fields. They also served a wider, 

regional function: two of the antomoi in the lands sacred to Dionysos passed near 

Pandosia further inland, indicating that they extended across localities. Thus a basic 

definition of “cleared path (separating and connecting properties)” is to be preferred 

to “strada vicinale”53 (local road). 

 

2. Roads and paths 

 

The Tablets describe in detail several “roads” (hοδοί/hodoi), among the most  

                                                 
53 As in the Italian translation of the Tablets by F. Sartori, reproduced in Uguzzoni and 
Ghinatti (1968) 229-237. 
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prominent of which are those connecting settlements. Two such roads are 

mentioned: “the road leading from the city and from Pandosia” (i.e., a road 

connecting these two settlements, therefore probably running in a 

northwest/southeast orientation following the Akiris River valley – I.63-64, 70) and 

the “Herakleia Road” (presumably a road leading to that city along the Ionian coast, 

judging from its perpendicular orientation in relation to the Akiris valley – II.25, 32, 

38-39). The fact that they are named by their destinations/origins gives these 

thoroughfares a particular prestige, which might indicate that they were larger than 

other country roads and perhaps even paved to facilitate the flow of traffic. Another 

road is initially identified as a “wagon-road” (ἁμαξιτός/amaxitos – I.60-61), to be 

found in the vicinity of the Akiris/Agri bed, judging from this artery’s location near the 

northeastern edge of the four leased properties (and thus a suitable place to erect 

corner-horoi); in two subsequent passages the same thoroughfare, identifiable by the 

consistent description of its orientation, is identified as a simple hodos (I.72-73, 79). 

Such a road may have consisted of a true gravel surface or a simple hard-packed 

earthen one.54

 There are two peculiar adjectives, recurring throughout the texts, formed from 

compounds of a numeral and a noun (the latter most commonly “feet”). Both of these 

adjectives are used without the noun that is characterized by the number of feet in 

question. The more common term is the “30-footer” (τριακοντάπεδος/triakontapedos 

– I.16-31, 76-82, 90-91, 114, 159-167; II.14-17), of which a total of three are found in 

the two sacred lands. The second term is the “100-footer” (hεκατόνπεδος/ 

hekatonpedos – II.24, 31, 38, 47, 54-55), of which only one is found, in the lands 

sacred to Athena. Both of these features help define the boundaries of properties in 

the sacred lands, behaving much like the antomoi and roads; they also roughly follow 

the orientations of the antomoi and are interspersed among them. Therefore they, 

too, must have been rural arteries, so that one could argue that the missing noun 

was either antomos or hodos. The description of one of the “30-footers” of Tablet II 

                                                 
54 The wheel-tracks incised into the stone surface of the quarry at Pizzica (Carter 1999: 23-
24; Carter/Thompson/Trelogan 2004: 136), lying beneath the later “division line,” may be the 
traces of an Archaic Metapontine amaxitos. 
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as a “30-foot road” (τὰν Ηοδὸν τὰν τριακοντάπεδον – II.11-12) argues strongly that 

all of these features were indeed roads.55

Thirty feet (ca. 10m) is a reasonable figure for the width of an ancient road, 

but a 100-foot (ca. 30m) road at first glance appears improbably wide. Rather than a 

gravel road, the “hundred-footer” may have been a droveroad, a wide path beaten 

over grass and scrub by the passage of herds or flocks, which is arguably attested in 

Tablet I.128, where the lessees must guard their rented properties against use as 

pasturage (νέμειν). The Herakleian “hundred-footer” followed the line of the coast56 

(see Figure 2.757) and therefore may have served to facilitate movement of large 

numbers of cattle, sheep, or goats up and down the coast, as well as the various 

Lucanian river valleys, in search of pastures.58

                                                 
55 See also the discussion of the 30-foot wide “Basento Road” at Metaponto above, p. 70. 
56 Ghinatti and Celato (1968-1969: 201-205) identified the “hundred-footer” with the ancient 
coastal highway between Taras and Rhegion. The idea is plausible, but the unusual width of 
100 feet makes it unlikely: a 100-foot road would be much wider than even a typical modern 
Italian motorway (strada statale). 
57 Note that Ghinatti and Celato (1968-1969: 200) present the “Herakleia Road” and the 100-
footer in the opposite positions on their plan, putting the “Herakleia Road” closer to the 
implied location of the asty (which lay immediately west/northwest of Athena’s lands). This 
arrangement is more logical but cannot be confirmed from the text. In the Dionysos text the 
properties and features are mentioned in strict topographic order from higher to lower (i.e., 
from northwest to southeast); if the same order is followed in the Athena text, then the 100-
footer, mentioned first, would lie northwest of the “Herakleia Road,” as Figures 2.7 and 2.8 
illustrate it. 
58 In his travelogue E. Hutton (1924: 251), an Englishman who visited southern Italy in the 
first years of the 20th century, described modern droveroads in Puglia: 

Upon the way, otherwise uninteresting enough, one crosses a “tratturo,” one 
of those great grass highways, more common in the Tavoliere, a hundred 
yards broad, along which the vast herds of cattle and flocks of sheep pass 
from the winter pastures of Apulia to the summer lawns of the mountains of 
Calabria or Abruzzi. 

Of modern Italian “droveroads” Barker (1995: 34) observed, “These wide swaths of grass 
were public land, protected from cultivation by the State” (a droveroad is pictured as Barker’s 
fig. 17, p. 35). If one assumes that the Herakleian “100-footer” was in fact a droveroad 
serving the needs of pastoral activity (perhaps local rather than transhumant), public 
protection of its status and physical boundaries in antiquity would have been reasonable, 
given that even simple cleared paths (antomoi) enjoyed such protection explicitly guaranteed 
in the Tablets, so that cultivators had access to the fields they rented (for a post-medieval 
analogy see Galt 1991: 144). 
 The debate on transhumant pastoralism in Greece is best approached via Hodkinson 
(1988), Skydsgaard (1988), and Forbes (1995). On the possibility of transhumant pastoralism 
in Magna Graecia before the Roman conquest, see Watson (1983) 398-399. 
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A third, similar feature in the lands sacred to Athena is called simply a 

“twentier” (Ϝικατίδειος/wikatideios – II.18ff) – there is no designation of what 

characteristic was measured in twenty units. It, too, denotes a boundary feature and 

appears to be similar to the antomoi and other arteries; most importantly, it connects 

the two major transverse roads, the “100-footer” and the “Herakleia Road.” On 

analogy with the “thirty-footer,” this was presumably a 20-foot wide road (hodos) 

rather than an antomos. 

The final type of thoroughfare in the chora of Herakleia was the path 

(πόθοδος/pothodos – literally a “road towards”59). Two such features were created 

during the survey of the lands sacred to Athena: one was begun as 20 feet wide 

(Ϝικατίπεδον/wikatipedon) and narrowed to 8 feet wide (hοκτάπεδον/hoktapedon) at 

a designated spot (II.43-45), while the other was made a consistent 20 feet in width 

(II.74-75). Their minor position within the landscape organization, serving only to 

facilitate access to the small, mostly detached vineyards associated with each leased 

plot, and their relatively narrow widths demonstrate that these features are more 

appropriately classified as “paths” than “roads.” 

 

The network of roads, paths, and antomoi in the chora of Herakleia was 

created to facilitate movement within the chora, as well as between the chora and 

nearby settlements (principally the asty of Herakleia itself and Pandosia). The paved 

trunk roads, branching dirt side-roads, and winding dirt tractor paths of modern 

southern Italy are its modern analogues. At the same time these features functioned 

as boundary-markers in association with the “talking” horoi (see the next section), as 

when the boundary-officers created an antomos from scratch to separate the first 

four of Athena’s plots from the last six (II.65-67). Their functions made them “no-

man’s land,” public and inviolable.60

                                                 
59 The term is found extensively in the late Classical/early Hellenistic Peloponnese: see, e.g., 
IG IV/1.749, 751, 753. 
60 E.g., Herakleia Tablet II.43-44 (ἐτάμομες κοινὰν πόθοδον – “we cut a public path”), II.65-66 
(τὸν ἄντομον . . . τὸν ἐτάμομες ἐκ τῶ Ϝικατιδείω ἐς ποταμὸν κοινὸν πᾶσι χρῆσθαι τοῖς τὼς 
Ηιαρὼς χώρως μεμισθωμένοις – “the antomos . . . which we cut from the 20-footer to the 
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3. Horoi 

 

The legal demarcation of boundaries, however, was primarily the function of 

the horos, a small stone marker erected at strategic points by the boundary-

magistrates. The Greeks generally relied on horoi to advertise the possession or 

usufruct of a property (i.e., private, public, or sacred, as in the example of Herakleia) 

and its boundaries.61 In regions where the possession of land traded hands 

frequently through rent/lease, or where land was involved in “mortgages” and other 

forms of collateral (e.g., for dowries), horoi could be inscribed in order to indicate the 

economic and legal status of the property in question – i.e., that it was “legally 

encumbered and hence in a certain sense not fully at the disposal of the 

proprietor.”62 This second function of the horos appears to have developed later and 

                                                                                                                                         
river as a public path for the use of all those renting the sacred lands”), and I.132-133 (οὐδὲ 
τὰς Ηοδὼς τὰς ἀποδεδειγμένας ἀρασόντι οὐδὲ συνΗερξόντι οὐδὲ κωλυσόντι πορεύεσθαι – 
“they will not plow those roads that have been designated as such, nor will they close [them] 
off or impede their crossing”). Universal usufruct of important arteries (excluding ones that 
dead-ended in individual properties) has been an essential feature of virtually all agrarian 
societies. The Roman colonies enshrined this principle in the phrase “iter populo debetur” 
(“the right of travel is owed to the people” – Sereni 1966: 86). (See also Stancic and Slapsak 
1988: 194 on the roads in the chora of Pharos on Hvar.) 
61 Though one could do without them, if necessary, by turning to the holders of the adjoining 
properties, who reliably knew at least the name of the property’s tenant and often its 
boundaries, if not also the neighbors’ affairs (Guiraud 1893: 5). Lysias 7.18: . . . πῶς ἂν οἷός 
τ’ ἦν πάντας πεῖσαι τοὺς παριόντας, ἢ τοὺς γείτονας, οἳ οὐ μόνον ἀλλήλων ταῦτ’ ἴσασιν ἃ 
πᾶσιν ὁρᾶν ἔξεστιν, ἀλλὰ καὶ περὶ ὧν ἀποκρυπτόμεθα μηδένα εἰδέναι ἐπειγόμενοι, καὶ περὶ 
ἐκείνων πυνθάνονται; (“. . . how could I have prevailed on all the passers-by, or the 
neighbours who not only know of each other what is open for all to see, but even get 
information of what we try to keep hidden from the knowledge of anyone?” – trans. W.R.M. 
Lamb, Cambridge, Mass. 1976 [Loeb]). A mid-5th century inscribed law from Gortyn in Crete 
(IC IV.81) appears to prescribe resolution of property disputes through a jury of nine 
neighboring landowners. A late 3rd/early 2nd century BC inscription from Tenos records acts of 
sale for various properties, in which the names of neighboring landowners are often listed as 
a means of identifying the properties (IG XII/5.872 passim). See also IG II-III2/1.1241.8-12. 
62 Finley (1951) 3-4. The earliest historical reference to horoi is found in the poems of the 
Athenian legal reformer Solon (first half of the 6th century BC), who claims to have ordered 
the removal of many of the horoi in Attica in the late Archaic period because they were being 
used as instruments for the oppression of the poor: 

μήτηρ μεγίστη δαιμόνων Ὀλυμπίων
ἄριστα, Γῆ μέλαινα, τῆς ἐγώ ποτε
ὅρους ἀνεῖλον πολλαχῆι πεπηγότας,
πρόσθεν δὲ δουλεύουσα, νῦν ἐλευθέρη. 
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in response to very specific socio-economic circumstances, since it is attested 

almost exclusively in 4th- and 3rd-century BC Attica.63 In the Herakleia Tablets the 

horoi appear to be simple boundary-markers. 

Both Herakleia Tablets mention the presence of horoi in the sacred lands, but 

only Tablet I describes them in any detail (I.53-93). The horoi established in the 

lands sacred to Dionysos were replacements for a previous set, some of which had 

at some time in the past succumbed to softening of the ground and/or accumulation 

of alluvial deposits and ceased to serve their purpose (I.56-57).64 With the exception 

of the first two stones, which were positioned singly in the corners of the sacred 

lands, on higher ground closer to the marine terraces (I.54-59), all the horoi were set 

up in pairs, one on either side of a linear feature (antomos or 30-footer); those on the 

sacred side were inscribed with the label “sacred (boundary-markers?) of the lands 

of Dionysos” (hιαροί ∆ιονύσω χώρων), the markers on the opposite (private) side 

simply “counter-markers” (ἀντόροι/antoroi, also the term used in the Tablets to 

denote the counter-markers themselves). Pairs of boundary-markers were 

established at or near the two remaining corners of the sacred lands, along the 

wagon-road beside the river, and at two intermediate points along the long axis (the 

antomoi adjoining the properties of Heroidas and Phintias), where the antomoi were 

intersected by perpendicular features (I.59-76). These features – a line of “hill-

copses” (hακροσκιρίαι/hakroskiriai) and a road connecting Herakleia and Pandosia – 

were presumably well-trafficked topographic landmarks, where the advertisement of 

                                                                                                                                         
. . . greatest and best mother of the Olympian 
divinities, black Earth, from whom I once 
removed the boundary-markers set in many places – 
formerly a slave, now free. (Frag. 36 lines 4-7, from Arist. Ath. Pol. 12.4) 

63 Finley (1951) 6-7. On horoi generally, see Thalheim (1913) and Thür (1998) 730. The 
abundant Attic horoi are treated at great length in Finley (1951) and in Fine (1951). 
64 Cf. Fine (1951) 45: “When one realizes that many of these horos stones [i.e., in Attica] 
were only about a foot high and some only a few inches high, it is evident that frequently they 
could not have served their publicity purpose if placed on the ground where they soon would 
have been covered with vegetation.” More than likely the missing horoi in the sacred lands at 
Herakleia were also partially obscured by overgrowth. The same phenomenon is visible even 
today in the Metapontino: several cut stone stelai, erected at some time within the last ca. 
200 years by the township of Bernalda to mark the boundary between private land (terra 
privata) and public land (terra demaniale or simply demanio), are now obscured by thick 
vegetation growing around their bases. 
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the boundaries between sacred and private space would have maximum public 

exposure. The remaining horoi were placed along the 30-footer and the two 

unlabeled antomoi parallel to and between the outer antomoi, presumably at the 

intersections with the aforementioned perpendicular features65; these last stones 

were all intentionally left blank66, serving to mark the boundaries of the sacred plots 

only for the lessees (I.84-86).67  

Guy identified the horoi listed in Tablet I in several small worked stones 

recovered in the Agri valley68, but this bears no weight. Most of these stones were 

blank, potentially belonging only to the “middle” group of horoi (a landscape could 

contain any number of blank horoi), while others bore the cryptic inscription “CB” and 

therefore certainly do not belong to the set described in Tablet I. 

 

Stone horoi in Magna Graecia generally are rarer than they are in Greece.69 

Two of the most prominent examples come from Metapontion and its chora: a 

boundary-marker for the temenos of Zeus Agoraios in the asty, inscribed ∆ιὸς 

                                                 
65 Since the last location specified was “the middle of the lands,” the location of these last 
eight horoi in the vicinity of the “hill-copses” and/or the Pandosia-Herakleia road is the most 
logical, but, in the absence of specific information, the extremities cannot be excluded. 
66 According to Guiraud (1893: 186), horoi on public and sacred lands were generally 
inscribed with some possessive title; those on private lands, with the notable exception of the 
many Attic mortgage horoi described above, were usually blank. 
67 The height of horoi was by no means standard. According to Fine (1951: 45), most of the 
Attic examples “were only about a foot (i.e., ca. 30cm) high and some only a few inches 
high.” An Attic inscription of 345/4 BC (IG II-III2/2.2492), describing a lease of sacred lands in 
the deme of Aixone, instructs the temple’s treasurers to set up “two boundary-markers on the 
land no less than three feet (i.e., ca. 90cm) on each side” (lines 20-24: τοὺς ταμίας . . . στῆσαι 
. . . ὅρους ἐπὶ τῶι χωρίωι μὴ ἔλαττον ἢ τρίποδας ἐκατέρωθεν δύο). Fine’s average figure is 
derived mostly from fragmentary examples and seems far too short for advertising tenure or 
legal status. Two of his complete or nearly-complete specimens (judging by the intelligibility 
of the inscribed texts) surpass the 50cm mark (Chapter II, nos. 17 and 24), suggesting that 
the Aixone figure of 90cm is probably closer to the ancient reality. Roman comparisons 
largely corroborate the Greek evidence: the emperor Augustus (27BC-AD14) decreed that 
boundary stones should be four feet tall, while the Roman surveyor Hyginus (early 2nd 
century AD) recommended a standard height of three feet for stone boundary-markers in 
Roman colonies (Dilke 1971: 103; Thulin 1913/1971: 71). However, a substantial part of a 
boundary stone’s height (whether in the Greek or Roman world) was used to set it firmly in 
the ground, to make displacement difficult: Augustus’ decree provided for only the upper 1.5 
feet of boundary stones to protrude above the surface. 
68 Guy (1998) 268-269. 
69 Lepore (1968) 36-37. 
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ἀγοραίο (“[I am] of Zeus Agoraios”)70, and a boundary-marker for the temenos of 

Zeus Aglaios at the rural San Biagio sanctuary, inscribed ∆ιὸς ἀγλαίο (“[I am] of 

Zeus Aglaios”).71 The carved conglomerate pedestal noted by Uggeri in the coastal 

plain, ca. 850m northwest of the asty along the track of the central “division line,” 

may have been part of an ancient stele or horos72, but this can never be verified 

because the object has long since disappeared. 

The apparent scarcity of horoi in Magna Graecia, and particularly along the 

central Ionian coast, may be linked to available resources. The coastal zone lacked 

stone suitable for inscribing; the loose local limestone conglomerate was good only 

as building-stone, while the highly workable and abundant calcarenites of northern 

Basilicata and northwestern Puglia (calcarenite di Gravina) were apparently so 

expensive as to be restricted to “nobler” uses (tombs, sarcophagi, standing 

architecture, and small-scale sculpture). The colonists of Metapontion and Herakleia 

probably availed themselves of more abundant, and equally suitable, local materials 

– principally wood, given the area’s heavy ancient forestation – to fashion the 

majority of boundary-markers, as was the practice in certain Roman colonies.73

 

4. Ditches 

 

The last features of interest in the manmade landscape of the Herakleian 

chora are the man-made channels or ditches: dioryx, traphos, and rheon. The first 

term, dioryx (διῶρυξ), derives from the verb ὀρύσσειν (orussein) “dig” and the 

preposition διὰ (dia) “through.” This feature was located in a corner of Dionysos’ 

lands, on the higher ground, where the antomos alongside the property of Phintias 

met the antomos leading above Pandosia (I.59, 92-93). There is no information 

about its orientation or exact position, but it lay near a reed-infested swamp (βυβλία). 

                                                 
70 Mertens (1999) 260. 
71 Adamesteanu (1974) 64-65. 
72 Uggeri (1969) 54, unfortunately providing no additional information (dimensions, condition). 
73 Thulin (1913/1971) 89-90, 102; Campbell (2000) 92-93, 104-105. 
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Its elevated position and potential connection to a marshy area suggest that it was a 

drainage ditch removing water from the edge of the plateau above.74

The term traphos (τράφος; Ionic τάφρος) occurs in stipulations that each 

lessee was obligated to follow (I.130-132). The several traphoi in the lands sacred to 

Dionysos are described as “flowing through the lands” (διὰ τῶν χώρων ῥεώσας).75 

The lessees were forbidden to divert or trap the waters flowing through them. These 

features were almost certainly irrigation ditches, which would require regular 

maintenance in the form of shoveling out accumulated dirt (both water-borne and 

slumped from the sides) in order to maintain their effectiveness; the explicit 

prohibition of damning and/or diverting indicates that the water in the ditches was 

considered precious – i.e., it was not unwanted torrential runoff, which also had to be 

to channeled, albeit in different ditches, to keep fields dry (see immediately below).76

                                                 
74 Dioryx is also found in documents from Ptolemaic Egypt (301-30 BC) and in the Greek 
Bible, with the meaning of “canal” – see Andrewes (1994) 30-31 and Cadell (1994) 109-110. 
Recently an ancient cobble-lined canal was excavated at the edge of a terrace in the San 
Teodoro locality of the Metapontino (Nava 2003a: 670-671); it appears to have drained water 
into the Basento valley below, much like the διῶρυξ described in the Tablet. 
75 There is evidence in Greece that the water-trapping ditches excavated around trees (called 
taphroi) could be linked by shallow ditches excavated diagonally across a field, following its 
downward slope, which would diminish the effects of torrential runoff and increase the 
amount of water permeating the ground around the trees (Foxhall 1996). The traphoi in the 
Herakleia Tablets, which “flowed through the lands,” may have served a similar function. 
76 Dams were often constructed across irrigation ditches to build a head of water sufficient to 
reach fields several hundred meters from a stream or river. See, e.g., Homer, Il. 21.257-262:  

ὡς δ’ ὅτ’ ἀνὴρ ὀχετηγὸς ἀπὸ κρήνης μελανύδρου / ἂμ φυτὰ καὶ κήπους 
ὕδατι ῥόον ἡγεμονεύῃ / χερσὶ μάκελλαν ἔχων, ἀμάρης ἐξ ἔχματα βάλλων· / 
τοῦ μέν τε προρέοντος ὑπὸ ψηφῖδες ἅπασαι / ὀχλεῦνται· τὸ δέ τ’ ὦκα 
κατειβόμενον κελαρύζει / χώρῳ ἔνι προαλεῖ, φθάνει δέ τε καὶ τὸν ἄγοντα.  
As when a man, drawing off water by a ditch, leads a stream of water / from 
a black-watered spring towards his plants and orchards, / holding a hoe in his 
hands, pulling the barriers [dams] out of the channel; / and all the pebbles 
are swept away / by the flow; and it murmurs as it flows swiftly downward / in 
a sloping place, and it overtakes even the one guiding it. 

Such is also the sense of a provision in a late-4th century BC inscription from Eretria on the 
island of Euboea (IG XII/9.191.24-27 – see Appendix B), in which a certain Chairephanes, 
presumably a local farmer or landowner, contracted with the polis to drain a marshy lake by 
building a drainage conduit and a reservoir at a lower elevation. He was instructed to install a 
sluice-gate (θύρα/thura – literally, “door”) at the point where the conduit met the marsh so that 
in the spring, when the marsh was full with runoff from the winter rains, local cultivators could 
divert the water to branch canals leading into their own fields, before the it entered the 
reservoir.  (Fantasia [1999: 100-107] interprets the position of the sluice-gate as at the lower 
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Finally, the rental conditions mention the presence of other ditches 

(ῥέωντα/rheonta) along the edges of the fields and orders their periodic cleaning by 

the lessees. Given that the edges of all four properties were defined by antomoi and 

a 30-foot road, it is not unreasonable to see these ditches as serving to drain water 

away from the surfaces of the thoroughfares or the fields in general. The rheonta 

thus perhaps resemble the several drainage ditches flanking flat road-like surfaces in 

the chora of Metapontion (see pp. 69-72 above).77  

The features described above (dioryx, traphos, and rheon) suggest that at 

least part of the Akiris River valley was equipped with a sophisticated system for 

irrigation or drainage, or a combination of both. The irrigation component probably 

tapped water from the river (note the traphos beside the Akiris in Tablet II.51-64) and 

the “streams” (seeps) at the edges of the terraces and brought it to the areas in-

between which were not naturally touched by the spring flood-waters, while the 

                                                                                                                                         
end of the reservoir, so that farmers could release pent-up water, but the text clearly locates 
the gate at the high end of the conduit, “where the water flows into the conduit.”) 
77 In the Greek world water-conduits could be considered part and parcel of a property and 
were often listed as significant features when it was sold, as in late 3rd/early 2nd century BC 
Tenos (IG XII/5.872.52) and Athens (IG II-III2/2.2657 [CIA II.1138] ll.4-7). If a property were 
leased/rented for cultivation, access to a nearby water source was sometimes a prerequisite 
guaranteed by the lessor: such is the case for the traphos flowing near a Temple of Dionysos 
in late-5th century BC Attica (IG I supplement 53a [pp. 66-67] / IG I2 94, lines 34-37), and a 
presumably similar situation is described in a poorly preserved late-4th century BC inscription 
from the island of Thasos in which the person leasing a garden sacred to Herakles is allowed 
to use a feature described as “flowing” whenever the city does not need it (ὁ μισθωσάμενος 
τὸν κῆπον τοῦ Ἡρακλέος τὸν [ . . . . ]Ν ῥέοντι ὅταμ μὴ ἡ πόλις χρῆται – the unrestored text is 
found in Vatin 1976: 560 lines 4-5) 
 Note that the Lex Mamilia Roscia Peducaea Alliena Fabia, a 1st-century BC Roman 
law on colonial landscape organization and distribution, has provisions for “boundary ditches” 
(fossae limitales), which seem remarkably similar to the Metapontine and Herakleian 
examples, all the more so because of an injunction against obstructing them (Campbell  
2000: 216-217). 
 Preventing obstruction of drainage ditches was critical since a sufficiently large 
blockage could force flowing water out of a ditch and onto surrounding land. Such was the 
case in Dem. 55.22, in which the negligent landowner Kallikles filled a road bordering his 
property with refuse; the road was used as a drainage channel by Kallikles and his neighbor 
(the defendant, Teisias). The obstruction helped force the water onto the surrounding 
properties, damaging them (see also §27-28). Another instance of water-flow damage was 
powerful enough to dislodge a sealed pithos full of olive oil (§24), and the defendant believed 
his own property wall bordering the road to be at risk of collapse because of the unchecked 
flow (§30). 
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drainage component channeled excess water away from thoroughfares and fields 

and into the river.78

A significant role for drainage in Italiote landscape organization has been 

suggested by many topographers studying the Metapontino, but an equally 

compelling case for irrigation can be made with a thorough review of the evidence, 

which will be presented in Chapter 4. 

 

The Herakleia Tablets describe what must have been in many respects the 

situation of a typical Italiote chora. The state had authority over parts of the rural 

infrastructure essential for agriculture and transport, such as the network of roads, 

paths, and cleared strips that allowed cultivators to reach their fields without 

trampling a neighbor’s plants and the drainage and irrigation ditches that kept fields 

wet or dry and thoroughfares passable. Acting through its agents (the boundary-

magistrates), the state could create – and presumably remove – any feature if it 

deemed the action necessary for the efficient exploitation of the land, and it could 

compel cultivators to respect its organization of the chora through formal 

prosecutions and fines. 

Of course, the Tablets concern specifically sacred lands, properties that were 

managed by the state rather than by individuals. Yet their survival into the late 1st 

century BC – well beyond the expiration of the social conditions in which they were 

composed – and their re-use for the publication of an important Roman municipal law 

suggest that they may have been part of a corpus of civic legislation documenting 

the state’s authority over the organization of the chora as a whole and its interest in 

the territory’s prosperity.79

                                                 
78 See also Uguzzoni and Ghinatti (1968) 117. 
79 The later Lex Iulia municipalis explained the political mechanisms that linked Rome with its 
subject Italian municipalities in ca. 46 BC. Since the Roman municipal structure is well-
attested in a variety of sources, the Greek inscription has generally been considered the 
more important of the two for its precious testimony about Greek landscape organization and 
legal agreements. Yet it evidently failed to capture the fancy of the 19th-century Scottish 
traveler and dilettante scholar C.T. Ramage: “(The Herakleia Tablets are) one of the most 
interesting monuments of antiquity . . . . They contain a long Latin inscription relating to the 
municipal regulations of Heracleia. This curious document is engraved on two tables of 
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The two sources of evidence for Greek rural landscape organization in 

Magna Graecia, the Herakleia Tablets and the Metapontine “division lines,” offer an 

unparalleled occasion to compare a text to an archaeological reality. Although most 

of their testimony is by nature divergent – the Tablets describe processes, while the 

“division lines” demonstrate results – there are nevertheless many points of 

convergence. At both Metapontion and Herakleia there were roads to move people 

and goods and ditches to move water; many of these features, in both territories, 

appear to have been constructed to standard sizes (20 and 30 feet). The roads and 

paths were designed to link the urban center to natural resources in the territory 

(e.g., the Pizzica quarry) and to the localities that supported the agro-pastoral 

economy.  

At Metapontion some features were arranged so as to take advantage of the 

natural topography (e.g., the “Basento Road” fashioned from the gravel bed of an old 

stream), and others to follow the underlying geological structures reflected in the 

surface topography (the “division lines” are the best example).80 At Herakleia many 

features outside the sacred lands were doubtless arranged according to the same 

principles; even those mentioned in the Tablets were ultimately designed to follow 

the orientation of the coast or the Agri valley – and, hence, the regional geological 

structures. Chapter 3 explores the relationship between human design and 

environmental constraints in organized Greek landscapes. 

                                                                                                                                         
bronze, at the back of which is found a long Greek inscription of a much earlier date, but of 
inferior interest” (Clay 1987: 149). 
80 Nature appears generally to have guided Western Greek landscape organization, in urban 
settings at least, for most of the colonial period: the earliest houses at Selinous (late 7th 
century) and the streets and residential blocks of Herakleia (early 4th century) were both 
oriented to follow the major axes of the hills on which they stood (Di Vita 1996: 282; Giardino 
1999: 307). 
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Chapter 3 
 

 

 Since the earth’s surface is rarely completely devoid of relief (i.e., perfectly 

flat), even across very limited areas, those who design and construct roads, ditches, 

and other elements of a rural infrastructure must take local topographic variation into 

account as they work. Rivers, streams, marshes, ravines, slopes, and hills generally 

preclude a straight-line solution between two points of interest; the longer the 

distance between the two points, the greater the likelihood that a significant 

interruption will be encountered. Designers and engineers must therefore plan either 

to follow the orientations of local topographic features or avoid them altogether by 

seeking land that is relatively flat. This principle was no less operative in antiquity 

than it is today. 

 The features of a typical organized landscape (ancient or modern) can 

accordingly be divided into two general conceptual classes defined by the relative 

influence of human intention and environmental constraint in the planning process: 

1. Features located and directed primarily by topographic constraints – i.e., 

when humans allow topography to dictate the location and direction of a 

feature, whether willingly or unwillingly, because the topography offers the 

path of least resistance. An aqueduct is an example of this category because 

it must follow a series of declines in order to carry water from one point to 

another via gravity. 

2. Features located and directed primarily by human considerations – i.e., when 

humans impose a feature on the environment regardless of the topography. 

The construction of these features may require great effort to overcome 

powerful environmental constraints, in which cases the result is considered 

so important as to outweigh the effort and the risk of failure. A bridge 

constructed across a river is an extreme example of such a feature because 

the current constantly pushes against the piers and threatens to collapse 

them. 
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(For convenience these two groups of features henceforth will be called 

“topographically-directed” and “anthropically-directed.”) Since most Italiote Greek 

colonies were founded in coastal plains bordering low hills or terraces, the organized 

landscapes of Magna Graecia typically contain a mixture of topographically- and 

anthropically-directed features. 

 Anthropically-directed features are a special case in landscape organization. 

Because in these cases topography is subordinated to design or is simply irrelevant 

(because the surface of the landscape in question is essentially flat), they are more 

likely to be arranged in regular, repetitive sequences sharing a common orientation – 

what may be described as “geometric” patterns – than topographically-directed 

features. The “geometric” organization of a landscape is created via the discipline of 

land survey. 

 

 In a pair of recent articles examining rural and urban planning in the Black 

Sea area1 A. Wasowicz inadvertently demonstrates some of the main 

methodological problems in topographic studies that lead to confused and 

counterproductive ideas about rural and urban landscape organization. She 

proposes two main models of geometric spatial organization in the Black Sea littoral, 

applying to asty and chora equally: a “regular” model (which she attributes to Doric 

colonies), in which linear features are arranged in a more or less “geometric” pattern 

imposed by the asty on the chora, and a “radial” model (which she attributes to the 

Ionian colonies founded by Miletus), in which linear features (especially roads) 

radiate out from one or more agglomerated settlements. The only example of the 

former that she can adduce is Chersonesos in Crimea (along with its satellite 

settlement at Kalos Limen), which hardly comprises a solid basis for a broad theory. 

She then suggests that the chora of Herakleia Pontica would have been organized in 

an orthogonal manner like the asty, but her chosen map of the settlement2 shows 

only the asty, and the surrounding territory visible in the map is so irregular as to 

                                            
1 Wasowicz (1995), (1999b). 
2 Wasowicz (1999b) 248 fig. 2, (1995) 11 fig. 6. 
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suggest that Herakleia Pontica did not have a sizeable chora worth the effort to 

organize.  

 Wasowicz then cites several examples of orthogonal organization in Doric 

colonies in Sicily and Magna Graecia (including Metapontion) as further support of 

her theory, without acknowledging that the only known example of an “orthogonal” 

rural landscape organization in those areas is Metapontion (which is not even 

orthogonal, as is discussed below) – all of the remaining cases are known only 

through their urban centers.3 Wasowicz therefore cannot legitimately extend her 

theory, based primarily on evidence from the Black Sea, to the western Greek world. 

In her reasoning the very real distinction between asty and chora is frequently 

forgotten in order to make room for a sweeping generalization, although that 

distinction is clearly central to her theory. 

 More importantly, Wasowicz at no time considers the role of topography in 

planning the orientation and shape of roads, structures, and field boundaries. She 

does not acknowledge the significant deviations from orthogonal rigidity in the plans 

of the asty and chora of Chersonesos, to name just one example. These deviations 

are clearly related to variations in the local topography (e.g., the ravine at the center 

of the divided chora that forces a diversion of the northwest/southeast-oriented 

roads), just as the presence of two main organization patterns on the Mayachniy 

Peninsula is the result of its irregular shape. 

 

 The subject of the current chapter is the interaction between the topographic 

and anthropic aspects of landscape organization. The theory and techniques of 

surveying in antiquity are investigated first, in order to determine what knowledge 

was probably available to Greek surveyor-planners from the Archaic period onwards. 

The physical arrangements of the features in the Metapontine and Herakleian 

landscape organizations are then described in detail, as revealed by the 

archaeological and epigraphic evidence; by exploring the relationships of these 

                                            
3 For other versions of this claim see Wasowicz (1992) 20-21 and (1999b) 247-249, where on 
both occasions she illogically suggests that Italiote states made their urban and rural 
organizations coincident simply because later Republican Roman colonies, presumably 
inspired by the Italiotes, also did so. 
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features to the topography of southeastern Basilicata, the chapter attempts to 

elucidate further the perceptions and knowledge of the Greek surveyor-planners who 

created them and to reconstruct (where possible) the priorities and choices behind 

them. The chapter concludes with a reassessment of the social relationship between 

asty and chora in the light of the physical (topographical and chronological) 

evidence. 

 

 

I. Ancient Surveying 
 

 The theoretical underpinnings and practical techniques of surveying in any 

part of the ancient world, in any period, are poorly understood because the evidence 

usually presents itself in small, isolated elements. The lacunae in the evidence are 

largest in the centuries and millennia prior to the composition of the first technical 

treatises on surveying by Greek mathematicians of the Hellenistic period. These 

treatises describe instruments and techniques that are already somewhat complex 

and clearly presuppose the existence of simpler predecessors4; the instruments and 

techniques are in turn based on mathematical principles of even older origin.  

 Without a clearly traceable sequence of both ideas and instruments, the 

reconstruction of the history of ancient surveying knowledge across the millennia can 

be only a hypothetical exercise, in which arguments of probability are constructed 

from the relatively few material and textual clues recovered from many parts of the 

ancient world and spanning the last several millennia BC. The history so created is 

admittedly vague but nonetheless coherent. 

 

1. Mathematical principles 

 

Surveying has two fundamental and interdependent components/processes: 

(1) the boundaries and shape of a piece of land, which are usually irregular and 

complex, are described and modeled in a simplified manner in order to (2) calculate 
                                            
4 See, e.g., Coulton (2002). 
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the area of that piece of land. Polygonal geometry – the geometry of surveying – 

converts the physical relationships among the linear segments of a two-dimensional 

form, which are determined by the lengths and the angles of juncture of the 

segments, into abstract formulas. Algebra and arithmetic resolve the formulas into 

numerical values based on measured input values.5 Surveying therefore 

presupposes that a society possesses knowledge of geometry (“land-measurement”) 

to address purpose (1) and of algebra/arithmetic to address purpose (2).  

When and where did these branches of mathematical knowledge develop? 

Although the ultimate origins of geometry and arithmetic are poorly documented, it is 

clear that by the early 2nd millennium BC both the Egyptians and the Babylonians 

had developed a high degree of proficiency in arithmetic and geometry thanks largely 

to extensive and accumulated practical experience in activities such as the 

construction of buildings and canals, the creation of field boundaries, and the 

calculation of harvest yields and taxes. They could calculate the areas of rectangular 

polygons, triangles, circles, and trapezoids – as well as the volumes of several solid 

shapes, such as pyramids and cylindrical silos – using much the same approach as 

found in “modern” geometry: for example, the area of a rectangle was understood as 

the product of its length and width, while the area of a triangle was half the product of 

its base length and height.6

Both the Egyptians and the Babylonians were particularly interested in right-

angled geometry because the arithmetic required to derive areas is as easy as the 

examples cited immediately above.7 Right triangles are useful in practical disciplines 

like surveying because they can be quickly scaled up or down via the properties of 

similar triangles.8 The Egyptians possessed a rudimentary understanding of the 

                                            
5 See Nemet-Nejat (1993) 10. 
6 Joseph (1990) 81-90; Clagett (1999) 68-74; Neugebauer (1962) 78; Gillings (1972) 137-
151; Robins (1995) 1812; Powell (1995) 1945; Høyrup (2002) 230, 313, 362-374; Cooke 
(1997) 25-54. See also Nemet-Nejat (1993). 
7 Kiely (1947) 12; Høyrup (2002) 34-36, 227-230. 
8 Here one should note the intriguing hypothesis of Gillings (1972: 208-209), who proposed 
that the Egyptians had developed a unit of length called the remen, equal to five palms, 
based on the fact that the diagonal of a square with sides of one cubit (equal to six palms) 
measured approximately ten palms (the so-called “double-remen”): “so in surveying the 
relations between the double-remen, the cubit, and the remen enabled areas (whether 
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arithmetic of right triangles, enough to know that the sum of the squares of the 

shorter sides was equal to the square of the hypotenuse. The Egyptians never 

formally elaborated this principle into a formula, but the early Babylonians, who 

worked with right triangles to a much greater extent, indirectly discovered the 

“Pythagorean” theorem. Although they never quite codified it as a formula, they 

compiled tables of “Pythagorean triples,” combinations of three integers that would 

satisfy the formula. The early Babylonians also calculated the square root of two – 

the factor by which the length of the side of an isosceles right triangle is multiplied to 

obtain the length of its hypotenuse – with remarkable precision and accuracy (to four 

decimal places).9

                                                                                                                             
squares, rectangles, triangles, or other shapes) to be doubled and halved merely by changing 
the units of measurement while preserving the proportions of the figures.” Thus the double-
remen was in essence a fairly crude approximation of the square root of two (relative to the 
elegant four-decimal-place Babylonian calculation, which the Egyptians in fact improved by 
basing the calculation on the cubit), as well as a handy tool for the construction of 
approximate right triangles, which would have been good enough for most practical purposes 
(Robins 1995: 1808; Ranieri 1997: 217). 

Boyd and Jameson (1981: 334-335) interpreted this hypothesis as a full-fledged – 
and highly impractical – surveying technique. In order to obtain a square of desired area, they 
asserted, Greek surveyors first laid out a square of twice the desired area and oriented 45º 
oblique to the intended final orientation of the grid, so that the side of this larger square 
(acting as the “double-remen”) would form the diagonal of the smaller one, the side of which 
was equal to a “cubit.” It is difficult to picture Greek surveyors performing such physical and 
mental gymnastics – laying out preliminary squares in one orientation only to shift the entire 
grid 45º and repeat the process to obtain the final result. The utility of these properties of a 
square and its diagonal in the context of land survey was, in the most optimistic assessment, 
the ability to quickly and easily halve or double the areas of newly-laid fields by changing the 
proportions of the sides. More realistically, if one wishes to entertain the method of Boyd and 
Jameson (and Salviat and Vatin [1974: 257-259]), which insists on a basic square Greek 
agriculture field of 50 plethra in area (with no supporting evidence), its utility lay simply in the 
knowledge that such a square was half the size of a 100-plethra square (measuring a round 
1000 feet on a side) and therefore had a diagonal of 1000 feet and sides of 707 feet. Creating 
such squares in the field, however, would have required nothing more than a rope of the 
appropriate length marked at appropriate intervals (see pp. 108-111 below). It certainly did 
not require the surveyors to make complex calculations in the field on every occasion. 
9 The discussion of Egyptian and Babylonian right-angled geometry is based on Clagett 
(1999) 9-10; Heilbron (1998) 30-31, 39; Neugebauer and Sachs (1945) 38-41; Hodges (1972) 
132; Joseph (1990) 105, 115-118; Neugebauer (1962) 35-36; Powell (1995) 1945; Robins 
(1995) 1809-1810; Ranieri (1997) 209, 213-214, 242; Høyrup (2002) 385-387. 

Van der Waerden (1983: 10-14, 17-25, 33-35, 87-88) argues, on the basis of 
geometric principles observed in the construction of Megalithic and Neolithic European 
monuments (primarily henges in England), that the “Pythagorean” theorem was understood, 
at least in practical terms, and shared among Indo-European peoples long before its 
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When did the Greeks become aware of mathematics? According to the 2nd-

century AD Greek novelist Iamblichos, Thales, a 6th-century BC philosopher from 

Miletus in Ionia, advised Pythagoras (a fellow Ionian, from Samos), who was hungry 

for knowledge, to travel to Egypt, where he learned geometry from the Egyptian 

priests; from there Pythagoras went on to Babylon, where he was instructed in 

arithmetic.10 Thus the historical Greeks attributed the mating of geometry with 

arithmetic to one man (a Greek, no less)11, although the Near Easterners (and the 

Babylonians in particular) had made the same connection thousands of years earlier. 

This fanciful story is valuable, however, because it suggests that Near 

Eastern mathematics and perhaps other branches of knowledge entered the Greek 

world through Ionia, the Greek-settled western coast of Asia Minor and the islands 

just offshore. Ionia was colonized by Greeks in the 12th century BC (although Minoan 

and Mycenaean Greeks had been circulating liberally in the Eastern Mediterranean 

long before then) and became a hub of contacts between the Greek and Near 

Eastern civilizations.12 (One of the most famous examples of such contacts was the 

close political and personal relationship between Polycrates, the tyrant of Samos, 

                                                                                                                             
appearance in Near Eastern civilizations. Van der Waerden attributes the Indo-European 
discovery of the “Pythagorean” principle to priests post-dating the arrival of the Beaker people 
in England (ca. 2500 BC) and pre-dating Hammurabi (1792-1750 BC). This is a distinct 
possibility, given that mathematical and astronomical knowledge in early societies (such as 
regal Egypt) was intimately associated with religion, with priests acting as primitive theoretical 
mathematicians, as demonstrated by the henges and 7th-century BC Indian treatises on the 
construction of elaborate altars using strict geometric principles. Thus, he argues, one can 
explain the story found in several ancient authors (e.g., Euclid’s Proposition 1.47, Diogenes 
Laertius 8.12): upon discovering “his” theorem, Pythagoras celebrated by sacrificing an ox 
(although the tradition holds that Pythagoras was strictly against the killing of animals, and 
Thales rather than Pythagoras is protagonist of the same scene in Diogenes Laertius 1.24). 
The association of religion and mathematics in antiquity ran deep. 

Ranieri (1997: 211, 223-230) pushes the discovery of “Pythagorean” triples even 
further back, to at least the 8th millennium BC, based on geometric analyses of a wide range 
of archaeologically-documented ancient architectural features from the Near, Middle, and Far 
East (including, for example, the Neolithic settlement at Çatal Höyük in modern Turkey), in 
what he terms an “art of squaring space” and a “harmonic architectural language.” 
10 In its simplest form, the story dates at least to the late 5th/early 4th century BC (Isocr., Bus. 
28) and was subsequently embellished by the likes of Diogenes Laertius (8.1.3) and Porphyry 
(Vita Pyth. 7-10). 
11 Van der Waerden (1983) 88. 
12 See generally Boardman (1999) 23-110. 
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and Amasis, the king of Egypt, in the late 6th century BC.13 This relationship probably 

represented an intensification of already close contacts, on various levels, between 

the Samian Greeks and the Egyptians.) By the late 8th/7th century BC Ionia was the 

crucible of the earliest Greek philosophy, which was grounded in a combination of 

what are today distinguished as mathematics (including geometry) and natural 

sciences.14 Even if the story of Pythagoras’ travels cannot be construed as literally 

true, it nevertheless preserves a grain of probable historical truth: mathematical 

knowledge, which is well-attested in several parts of the Near East known to have 

had contacts with the Greek world since the Bronze Age, likely entered the Greek 

world from the Near East. (The reader is again referred to the apocryphal story of the 

origins of surveying in the Nile floods, in section 1.VII.) 

The attribution to Pythagoras of the import of geometric and arithmetic 

knowledge into the Greek world is interesting also because it places the 

development of mathematical inquiry in the Greek world at a relatively late historical 

stage (6th century BC). There is no evidence of Greek geometry before Pythagoras. 

The Greeks had been in contact with the Near East for centuries before then, yet 

Greek popular history associated mathematics with a 6th-century figure. The life of 

Pythagoras must surely be a terminus ante quem for the development of 

mathematics in the Greek world: even if he did not in fact invent the theorem named 

after him, he doubtless worked extensively with mathematical principles that were 

already known. The Pythagoras story arguably indicates that the Greeks did not 

intensively investigate mathematics until the later Archaic period. Retrojection of 

initial Greek contact with mathematics by one or more generations before 

Pythagoras places it in the early Archaic period. The “geometric” plans of colonies 

like Megara Hyblaea (late 8th century) and Selinous (late 7th/early 6th century) 

demonstrate that the Greeks were already experimenting with practical applications 

of mathematics in this period and in relation to apportionment of space.15

 

 
                                            
13 E.g., Hdt. 2.182.2. 
14 Akkerman (1998) 32-33. 
15 On Megara Hyblaea see p. 59; on Selinous see Di Vita (1996) 282-283. 
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2. Practical vs. theoretical mathematics 

 

The elegance and novelty of Near Eastern mathematics surely impressed the 

Greeks on an intellectual level, but initially they were probably interested more in its 

practical value. Near Eastern geometric knowledge had never evolved into an 

organized field of inquiry which could be identified as “geometry,” but had instead 

always remained a mere tool for expressing the numerical relationships between 

objects: Babylonian geometric knowledge, which was more advanced than the 

Egyptian, lacked terms for such basic concepts as angle, slope, and perpendicularity 

or parallelism.16 The Near Eastern languages (Egyptian, Akkadian, Sumerian) had 

no terms equivalent to “mathematics” or “geometry.”17 To the Greeks, therefore, goes 

the recognition of inventing the geometry of angles.18 The name in their own 

language that they assigned to at least the basic aspects of polygonal mathematics – 

“land measurement” – strongly suggests that one of their first or primary uses for 

mathematics was topographic and/or cadastral survey, an entirely practical one.19

A 3rd-millennium BC Babylonian tablet depicts what appears to be the typical 

approach of Near Eastern surveyors: an irregular polygonal territory is analyzed into 

four rectangles occupying its center, with nine right triangles and an irregular 

quadrilateral (of the type discussed on p. 97 above) absorbing the irregularities along 

the edges, replete with lengths of sides and areal calculations for all of the shapes.20 

The same approach to surveying is found in the Roman Corpus agrimensorum21, and 

                                            
16 Nemet-Nejat (1993) 13-14. 
17 A.D. Kilmer, pers. comm. (2005). 
18 Nemet-Nejat (1993) 13. 
19 Joseph (1990) 82; Heilbron (1998) 1-2. 
20 Thureau-Dangin (1897b). 
21 E.g., Sextus Iulius Frontinus (1st century AD) emphasizes the centrality of right-angle 
geometry in surveying and the importance of dealing adequately with the irregular edges: 

Principium artis mens<o>riae in agendi[s] positum est experimento. exprimi enim locorum 
aut modi ueritas sine rationa[bi]libus lineis non potest, quoniam omnium agrorum 
extremitas flexuosa et inaequali[s] cluditur finitione, quae propter angulorum dissimilium 
multitudinem numeris suis manentibus et cohiberi potest et extendi: nam sol<a> mobile[m] 
habent spatium et incertam iugerum enuntiationem. sed ut omnibus extremitatibus species 
sua constet et intra clusi modus enuntietur, agrum quo usque loci positio permittet rectis 
lineis dimetiemur: ex quibus proximam quamque extremitat<iu>m obliquitatem per omnes 
angulos facta normatione conplectimur, et coher<cita>m mensuralibus <lineis> statutis 
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it is therefore likely that Greek surveyors followed it, too (and transmitted it to the 

Romans). 

The geometrical principles and arithmetical calculations involved in surveying 

in antiquity were simple and direct, as they had to be: all surveyors had practical 

tasks to accomplish, and so they needed the easiest, most efficient formulas with 

which to compute multiple lengths and areas in the field.22 They did not have the 

time, instruments, or inclination to develop sophisticated schemes based on fractions 

of prime numbers (e.g., Vatin’s Metapontine lots gravitating around the number 11), 

much less investigate the theoretical aspects of mathematics and geometry (e.g., the 

“double-remen” problem described above). In the ancient Near East and the Greek 

world mathematical theory was the preserve of a very restricted group of 

                                                                                                                             
certo pr<ae>cent<uria>to spatio simil<i> futurae tradimus formae: modum autem intra 
lineas clusum rectorum angulorum ratione subducimus. subiectas deinde extremitatium 
partes, are<as> tangentium nostrarum postulationum, podismis suis ad<a>eramus, et 
adscriptis spatio suo finibus ipsam loci reddimus ueritatem. (Thulin 1913/1971: 15-16; 
also Campbell 2000: 12-13.) 
The beginning of the art of survey was established in the experience of practice. For 
the true nature of places or of a system cannot be expressed without rational lines, 
because the furthest reaches of all lands are enclosed by a non-linear and unequal 
border which, because of the great number of dissimilar angles, can be both 
constrained and expanded while keeping its proportions; for territories have varying 
amounts of space and acreage. But in order for its appearance to be consistent in all 
its furthest reaches, and for the system of an enclosed space to be proposed inside, 
we should measure out the land, as much as the position of the place permits, with 
straight lines: from these we surround each nearest irregularity of the furthest 
reaches through all angles by means of a standardization, and we hand it over, 
enclosed by established measuring lines, to a future form similar to a standard 
centuriated space; however, we calculate a closed system between the lines by the 
method of right angles. Thereupon we estimate the parts adjacent to the furthest 
reaches, those touching the areas of our assignment, with their own measurings, and 
we restore the true nature of the place by means of the boundaries assigned to their 
own space. 

22 For example, when calculating the surface area of an irregular four-sided field, in order to 
estimate the annual taxes and yield of its owner/cultivator, Egyptian officials used an 
approximate formula: multiplication of the averages of the opposite sides (Dilke 1971: 30; 
Høyrup 2002: 230). (For an identical Babylonian example from the reign of Sargon, ca. 2335-
2279 BC, see Thureau-Dangin 1897a.) This formula was reasonably accurate in irregular 
fields – certainly more accurate than the multiplication of just two sides, as for a rectangle – 
and had the advantage of also being perfectly accurate in orthogonal fields. It was probably 
available to the Archaic and Classical Greeks for their own calculations of area and yield: the 
same technique is found in survey documents from Imperial Roman and Byzantine Egypt 
(Déléage 1934: 96-99). 
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scientist/philosophers who could dedicate their time and energy to contemplation of 

such matters. Scholars of ancient science emphasize 
the intensely practical character of Egyptian mathematics in which each 
problem was worked out on its merits, and a general rule or method 
applicable to a whole class of them was rarely discussed. . . . (It was) not so 
much a coordinated system of learning as an accumulated mass of 
observational material relating to mathematics, engineering, medicine and 
much else.23

 

Though the Babylonians had ready-made tables of decimal-level “Pythagorean 

triples,” these tables were clearly intended as training aids rather than field tools. 

Surveyors anywhere in the ancient world by nature would have preferred to work 

with integers as much as possible, and this meant using areal formulas for 

rectangles, simple right triangles (e.g., the basic 3-4-5 and 5-12-13), and even 

trapezoids, for these are the most basic shapes into which virtually any landscape 

can be divided (see the example of the Babylonian tablet-map on p. 101 above).24  

 The gulf separating practical geometry (land survey) and theoretical geometry 

(philosophy) in Greek thinking is eloquently described by Aristotle in his Protreptikos 

(late 4th century BC): 

Μέγιστον γὰρ ἔχομεν παράδειγμα τὰς ὁμοίας ἐπιστήμας αὐτῇ καὶ τὰς 
ὑποκειμένας δόξας. ὧν γάρ εἰσιν οἱ γεωμέτραι δι’ ἀποδείξεως θεωρητικοί, 
τούτων οὐδενὸς ὁρῶμεν αὐτοὺς ὄντας πρακτικούς, ἀλλὰ καὶ διελεῖν χωρίον 
καὶ τὰ ἄλλα πάντα πάθη τῶν μεγεθῶν καὶ τῶν τόπων οἱ μὲν γεωδαῖται 
δύνανται δι’ ἐμπειρίαν, οἱ δὲ περὶ τὰ μαθήματα καὶ τοὺς τούτων λόγους 
ἴσασι μὲν ὡς δεῖ πράττειν, οὐ δύνανται δὲ πράττειν.25

 
For we have the greatest example of the same knowledge and the opinion 
subject to it. For amongst the theoretical geometricians working by proof, we 
see none who are practical. Rather, it is the geometers who are able to 
divide a landscape and deal with all the other properties of magnitudes and 
places through experience, while those who know how one must work using 
mathematics and its principles cannot do these things.26

 

                                            
23 Lyons (1926) 243. See also Høyrup (2002) 362-374, Cooke (1997) 53. 
24 Heilbron (1998) 3, 28-29; Ranieri (1997). 
25 Rose (1967) frag. 52, ll. 28-35. 
26 See, for example, Goodfield and Toumlin (1965), in which the alleged “Pythagorean” 
theoretical underpinnings of Eupalinos’ tunnel on the island of Samos are successfully 
dismantled. Netz (2002: 215), summarizing the tradition of Greek mathematics and 
mathematicians, likewise concludes that throughout Greek history “mathematics was not 
popular” and “Greek mathematicians formed an inward-looking group.” 
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The same distinction is evident even in the Aristophanic passages cited at the 

beginning of Chapter 1 (pp. 7-8), where the theoretical and practical aspects of 

geometry are juxtaposed for comic effect. In the first passage, Meton’s practical 

geometric design garners him a dubiously complimentary comparison to Thales, 

while in the second passage the theoretical geometric exercises taught by Socrates 

are confused with landscape organization. This juxtaposition, which must be 

deliberate, implies that Aristophanes expected his audience to find amusement in the 

confusion of the “noble” and “base” uses of geometry.27 At the same time, 

Aristophanes reveals what the “average” Greek of the Classical period thought or 

understood about geometry: in both passages it is associated first with practical 

problems (urban and rural organization schemes), then with theoretical ones (Thales 

and shapes in general).28

 

In summary, geometric analysis of Greek landscape organization must begin 

with simple shapes and designs based primarily on right angles. The elaborate 

geometrical scheme for the Metapontine landscape organization devised by Vatin, 

for example, which relies on calculations of the areas of parallelograms and triangles 

involving the square root of two to derive the surface area of a non-orthogonal 

quadrilateral field (see pp. 54-55), rests on elaborate geometric and arithmetical 

                                            
27 The distinction between the theoretical and practical aspects of geometry, however, was 
partially blurred in the nomenclature: a mathematician specializing in geometry, such as 
Theodoros of Cyrene (Pl., Tht. 143b), or a field-measurer, such as Chaireas of Naples 
(Herakleia Tablet I.187), could be described as a geometres. 
28 The oft-cited passage of Plato’s Menon (82B-85C), in which Socrates quizzes a boy about 
how to double the area of a square, is an exercise in purely abstract/theoretical geometry 
with no practical value or relevance whatsoever to ancient surveying methods (see, e.g., 
Favory 1983: 92). The abstraction is unequivocally demonstrated in Socrates’ proof-
calculation of the area of a “double-remen” square (composed of the four diagonals of four 
adjoining squares) by multiplying half the area of each of the smaller squares (since the 
diagonal divides a square in half) by four (the number of smaller squares involved). Socrates’ 
method is purely logical, based on assembly of identical parts, and has no application in land 
survey. (The Loeb edition of the Menon by W.R.M. Lamb [Cambridge, Mass. 1924] has a 
helpful explanatory diagram on p. 315.) Furthermore, it is useful to recall that Plato 
considered geometry a form of philosophy (Theaiteitos 143D.3-4) – i.e., he saw it more in 
mathematical and logical terms – while Xenophon (Mem. 4.7.2) had his Socrates describe 
geometry in purely practical terms.  
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foundations that can safely be considered beyond the knowledge of ancient 

surveyors.29

 

3. Sighting 

 

 The goal of surveying in any historical period is the projection of straight lines 

over long distances, ranging from several hundred meters up to several kilometers. 

The human eye’s natural tendency to drift or flutter, which is particularly acute over 

long distances, means that a sighting instrument is required to maintain straightness. 

 Since there are no surviving Greek surveying instruments of the Archaic 

through Hellenistic periods, and there are no detailed textual descriptions of survey 

methods in the same time-span, one must look at surveying outside the Greek world 

in the same or earlier periods for evidence of how the Greeks may have performed 

land surveys. The remarkably straight channels of 6th-century Persian subterranean 

water-conduits (qanats), for example, which ran up to 50km in length30, suggest that 

the Persians surveyed with a sighting-tube, probably a tightly rolled sheet of flat 

metal. This device may have been the precursor of a Greek surveying instrument 

mentioned in Hellenistic texts, the dioptra (διόπτρα) – literally, “the looking-through.” 

The dioptra was likely used to establish sight-lines on opposing sides of a mountain 

on the island of Samos for the excavation of a 1km-long tunnel through its base to 

supply water to Samos town ca. 530 BC.31 Given the proximity of Samos to Asia 

Minor, which was conquered by the Persians ca. 546, it is possible that the dioptra 

reached the Greek world from Persia. 

                                            
29 Artmann (1991) 33-45. Boyd and Jameson (1981: 331-332) used Vatin’s argument to 
explain the urban plan of Halieis. 

One should note, however, Euclid’s demonstration, by using parallelograms in his 
proofs for the area of quadrilaterals of unequal length and width, that the area of a 
parallelogram of given length and height is equivalent to the area of a rectangle having the 
same length and width (equivalent to the height of the parallelogram, not the length of its 
shorter sides). It is possible that the Egyptian and Babylonians had already discovered this 
property. 
30 See Briant (1994). 
31 Hdt. 3.60.1-2; Goodfield and Toumlin (1965). 
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 The only other well-attested surveying instrument of antiquity was the Roman 

groma, which consisted of a right-angled cross mounted horizontally atop a pole (the 

components were made of either wood or metal); weighted plumb lines suspended 

from each of the four ends of the cross served as sight-guides. The cross was offset 

from the pole by a small connecting bracket to prevent the pole from obstructing the 

view of the plumb lines. Roman surveyors used this instrument to sight (and mark) a 

straight line in a given direction (generally east-west), upon which the operator then 

simply moved 90º around the instrument to sight a line perpendicular to the first. The 

precision of the instrument is remarkable: trials of a groma modeled on a bronze 

example retrieved at Pompeii indicate lateral sighting errors of only ±1m over a 

distance of 710m.32

 The groma is attested beginning only in the Republican Roman period. Its 

theoretical foundations, however – i.e., right-angle geometry – and simple design 

were well within the reach of much more ancient civilizations, such as the Egyptian 

and Mesopotamian (see the discussion of ancient mathematics on pp. 97-98 above). 

It is likely that the Archaic and Classical Greeks knew and used such an instrument, 

as will be demonstrated below.33 The term “groma” itself, in fact, was recognized 

even in antiquity as a Roman corruption of the Greek term γνῶμα (gnoma), a “sign” 

or “mark,” cognate with γνώμων (gnomon – “marker”). Both “gnoma” and “groma” 

have been found in several ancient literary passages, in Greek and Latin alike, with 

the sense of “mark indicating the center of a right-angle intersection of two roads,” a 

meaning that clearly recalls its surveying function and reinforces the possibility that 

                                            
32 Reasonably explicit descriptions of use of the groma in land survey are provided by 
Frontinus and Hyginus (who call it the ferramentum): Thulin (1913/1971) 17-18 and 154-156; 
Campbell (2000) 12-15 and 150-153 (with translations). 
 On the groma generally see Dilke (1971) 66, 86-87; (1987) I.213-214; Lewis (2001) 
15-16, 38,120-133. 
33 A variant of the groma, composed of a cross with plumb lines suspended from a chain at 
the center, was recovered in a Roman context in Egypt. It has been suggested (e.g., Kiely 
1947: 13-14, 28-29) that this may be a late example of a native instrument, which the Greeks 
may have improved by mounting it on a pole (the so-called “star” or asteriskos, an early 
version of the groma). The Romans, finally, may have improved upon the Greek version by 
offsetting the cross from the supporting pole. 
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the Greeks, too, used such an instrument. (There is no evidence that the Greeks or 

Romans invented an instrument capable of measuring angles precisely.34) 

 

4. Classical Greek surveying revealed: the case of Pharos 

 

 More convincing proof of the groma’s role in Greek surveying, in the Late 

Classical period at least, comes from an archaeological application of geospatial 

techniques at one 4th-century site (see pp. 25-26). A GIS-based analysis of the 

landscape organization at ancient Pharos on the Croatian island of Hvar35 (see also 

pp. 127-128 below), the base unit of which is a rectangle, has revealed that the 

longitudinal and transverse segments deflect around the center of the grid in four 

consistent patterns corresponding to the four quarters of the grid. The survey of the 

Pharian chora was clearly centered on that point, which was chosen (according to 

the Yugoslav and British archaeologists) because it provided full visual command of 

the landscape in all directions. The error patterns in the Pharian grid, as the 

Yugoslav researchers have demonstrated convincingly, are consistent with the use 

of a groma. 

 The researchers were also able to reconstruct the sequence of steps in the 

Pharian survey using the patterns in the deviations from orthogonality across the 

grid: 

1. The furthest points in all four directions were marked to create the main axes. 

During this process significant errors were introduced by topographic 

irregularities and imperfect sighting, leading to the deflections described 

above. 

2. The main axes were marked at intervals of 1 stadion (north-south axis) and 5 

stadia (east-west axis). 

                                            
34 Not even Hero of Alexandria’s mechanical dioptra (a more sophisticated groma) of the 1st 
century BC could measure angles (see Coulton 2002). 
35 Slapsak and Kirigin (2001) 579-585. The Greek origin of the Pharian organization has been 
confirmed by the metrological standards: the highly elongated rectangular units formed by the 
stone-paved “division line” roads measure 180 x 900m, or 1 x 5 stadia based on a Greek foot 
of .302m (see section 1.VII, p. 48). 
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3. The marked intervals were connected to create the individual units, 

apparently without re-sighting (i.e., repositioning the groma at other 

intersections). As a result the units have generally consistent errors in 

segment orientation. 

On this evidence it appears that the groma was available to Greek surveyors, and it 

was used to create orthogonal features, by the mid-4th century BC. The question of 

whether or not it was within their technical reach at an earlier date – i.e., in the 6th 

century – will be investigated in the analysis of the Metapontine landscape 

organization that follows. 

 

5. Other equipment 

 

A sight-line, once established, had to be marked all along its length between 

the position of the instrument and the extremities of the surveyed area. Wooden 

stakes could be driven into the ground at large regular intervals; stakes were 

probably used by all surveyors in all historical periods, since they were easy to 

fashion, small and light (and portable), reusable, and easy to see above the surface 

(especially if painted). The physical process of laying out and marking straight 

segments on the ground between stakes was most efficiently accomplished with a 

narrow linear object that was light and flexible, so that it was easily portable. A 

Middle Kingdom papyrus document (12th/13th Dynasty, ca. 2050-1700 BC) mentions 

a “stretcher of the cord” and a “holder of the cords”36, while a Biblical passage 

speaks of “a man . .  with a line of flax in his hand, and a measuring reed . . . ”.37

Rope/cord was evidently the medium of choice in the prehistoric Near East. It 

could be cut to specific lengths and stretched out to form segments (perhaps fitted 

with stakes or poles at the ends, or marked at specific intervals), which would have 

been permanently marked on the ground with, e.g., stakes, chalk, or plaster, if not 

excavated for the construction of paths/roads or canals. Ropes in the form of right 

triangles, with their ends tied together and their lengths marked at various metric 

                                            
36 Smither (1941). See also Kees (1961) 56-57. 
37 Ezekiel 40:3. 
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intervals (by means of knots or notches38), could be used to lay out triangular, 

square, and rectangular fields: once stretched out to its proper shape, such a rope 

was simply pivoted over its hypotenuse to create a four-sided shape.39 The 

Egyptians were famous for cultivating papyrus and flax and plaiting them into sturdy 

ropes and cables. This skill was exercised dramatically in 479 BC when the Persian 

king Xerxes ordered the Egyptians and Phoenicians in his invasion force to make 

ropes of flax and papyrus to support various bridges constructed as he passed from 

Thrace to mainland Greece.40

Herodotus recounts an episode of Greeks surveying with ropes in the 6th 

century BC (although possibly reflecting surveying techniques of the 5th century). 

When the Spartans consulted the oracle at Delphi to obtain Apollo’s blessing for their 

invasion of neighboring Arcadia, Apollo refused to grant their wish to conquer all of 

that region, promising instead: 
 
δώσω τοι Τεγέην ποσσίκροτον ὀρχήσασθαι  
καὶ καλὸν πεδίον σχοίνῳ διαμετρήσασθαι. (1.66.2) 
 
I will give you Tegea, well-struck by the foot, to dance in 
And the fair plain to measure out with the cord (schoinos).  
(my own emphases) 
 

 The use of ropes/cords in Greek surveying is further indicated by certain 

terms in the Greek metrical vocabulary (see section 1.VII, pp. 48-49): oregma and 

orguia are cognate nouns derived from the verb oregein (ὀρέγειν – “to stretch”), 

while schoinos (“rush, reed; rope/cord of rushes/reeds”) and schoinion (“rope, cord”) 

explicitly recall the Near Eastern origins of surveying with ropes. The latter unit, in 

fact, appears to have entered the Greek surveying vocabulary via Egypt: a 2nd-

                                            
38 Dilke (1971) 22. 
39 Another efficient method, observed in contemporary Mozambique, would have been well 
within the bounds of ancient knowledge. A given length – the short side of an eventual 
rectangle – is marked at the center of a rope by means of knots or stakes tied to it; the 
remaining equal lengths on either side of the knots/stakes are then crossed at their midpoints 
to form an “X” and tied together there. When a field is to be marked out, the surveyors simply 
position the ready short side and draw the two free ends of the rope into their proper 
positions, which correspond to the remaining two corners of the rectangle (Lewis 2001: 6, 23; 
Heilbron 1998: 38). 
40 Hdt. 7.25. 
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century BC Greek papyrus from Tebtunis41 describes the schoinion as a length of 

100 cubits, which appears to have been the standard length of surveying ropes in 

regal Egypt.42 When squared, the Egyptian schoinion (khet in the Egyptian language) 

became a standard unit of area, the setat (or setjat), what the Greeks called the 

aroura (ἄρουρα), equivalent to 10,000 square cubits.43 The khet is therefore arguably 

the parent of the Greek plethron, which likewise consisted of 100 base units 

(transformed into feet to suit Greek preferences) and could be squared to serve as a 

basic areal unit. The schoinion is a unique but compelling example of the 

transmission of ideas from the Near East to the Greek world.44

The rope method of survey has enjoyed a remarkably long life thanks to its 

portability, simplicity, and relative economy of materials. A Late Antique surveyors’ 

text casually states that “in land division, the measuring lines are stretched out” by 

means of “ropes” (funiculi).45 It can be observed even today in traditional societies, 

such as villages in Mozambique.46 (English surveyors in 17th- and 18th-century North 

America employed the same technique, although they substituted metal chains for 

rope.47 In antiquity chains were generally too expensive to produce and too heavy to 

maneuver easily.48) Surveying ropes, however, have a relatively limited maximum 

length (i.e., 100 cubits) and/or area because they become unwieldy when their 

weight exceeds a certain limit (based on length and diameter), especially if used in 

vegetated areas which would hinder their proper use. 

A significant flaw in surveying by rope is the shrinking and stretching of the 

fibers provoked by use and moisture, which can amount to as much as one part in 

                                            
41 PTeb 13.13. 
42 Dilke (1971) 21. 
43 Hdt. 2.168.2; see Clagett (1999) 7, 12 and Gillings (1972) 209-210. 
44 The pervasiveness of measurement by ropes in antiquity is evident in the title of a Vedic 
treatise of ca. 500 BC on the geometric principles necessary for the construction of precisely 
squared temples and altars: Sulvasutra (“Book of Ropes”). See Heilbron (1998) 36; Joseph 
(1990) 225; van der Waerden (1983) 8; Ranieri (1997) 209. 
45 Isidorus, De finibus agrorum, in Blume/Lachmann/Rudorff (1848) 366 lines 12-13. 
Translation (and text) in Campbell (2000) 268-269. 
46 Heilbron (1998) 37-38. 
47 Price (1995) 350. 
48 Lewis (2001) 19-22; though Heron (Dioptra 262.12, 292.18) mentions the use of chains in 
measurement. 
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200. The problem was probably recognized at a relatively early point in the 

development of the technique. An obvious, although not perfectly successful, remedy 

is pre-stretching new ropes, which prevents them from stretching in storage or during 

use: in the 2nd century BC Heron of Alexandria described just such a method (in this 

case, for artillery devices) involving repeated winding, waxing, and weighted 

hanging.49 Given the Egyptian surveyor’s reliance on ropes in the regal period and 

the relative technical sophistication of regal society, pre-stretching was likely 

developed in Egypt long before Heron, who may have formalized, improved, and 

recorded pre-existing procedures.50

 

The preceding sections have demonstrated that in antiquity the mathematical 

principles of surveying – right-angle geometry – were typically translated into reality 

on the ground through simple sighting instruments, like a tube or a cross, and ropes. 

In the following sections the organized Metapontine and Herakleian landscapes are 

re-examined in the light of the ancient land-surveying techniques and knowledge just 

described. 

 

 

II. The Metapontine Landscape Organization: A GIS-based Study51

 

1. Sources 

 

 The “division line” ditches at Metapontion appear in several series of black- 
                                            
49 Lewis (2001) 19-20; Coulton (1975) 90-91; Price (1995) 350-351. 
50 According to Robins (1995: 1810), the Egyptians were aware that total accuracy was not 
possible with rope measurement, or at least not necessarily to be expected, since the base 
lengths of several pyramids measure to fractional numbers of cubits (with relatively minor 
variations) – this was presumably the result of stretching and/or shrinking. Poor orientation of 
primary angles and disruptive topography, especially on the edges of floodplains, would also 
distort the paths of the ropes, so that Egyptian architects apparently strove for “a round 
number of cubits.” (See also Dilke 1971: 21; Price [1995: 350-351] reaches a similar 
conclusion for surveying in the American colonies.) 
51 The first four parts of this section of Chapter 3 are more technical than historical-
archaeological but are nevertheless very important for understanding the arguments and 
ideas that follow. Some readers may wish to start reading at the fifth part, “Detailed 
description of the ‘division lines’.” 
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and-white panchromatic vertical aerial photographs, which I consulted in the form of 

paper copies acquired by ICA from the Aerofototeca in Rome over the course of two 

decades (Figure 3.1). 

ICA’s only complete photographic coverage of the Metapontino (from the 

coast to Pisticci, an area of ca. 20 x 20km) consists of 27 photographs in five strips 

from the GAI mission: 

Foglio Strisciata Positive No. Negative No.
201 154 6516 35091 
201 154 6517 35382 
201 154 6518 31661 
201 154 6519 30305 
201 154 6520 35777 
212 154 6521 30314 
212 154 6522 30310 
212 153 6618 30307 
212 153 6619 30313 
212 153 6620 30309 
201 153 6621 35092 
201 153 6622 21314 
201 153 6623 31660 
201 153 6624 35383 
212 152 6942 25825 
201 152 6943 35094 
201 152 6944 35778 
201 152 6945 35095 
201 152 6946 35779 
201 152 6947 35096 
201 152 6948 35780 
201 152 6949 35097 
212 151 6583 35769 
201 151 6584 35770 
201 151 6585 35771 
201 151 6586 35772 
201 150 6552 109591 

Table 3.1: GAI photographs over the territory of Metapontion. 
 

Other series in ICA’s possession consulted for this study include five 

photographs in a single strip covering the coastal plain and the Pizzica terrace (ca. 7 

x 5km) between the Bradano and Basento, parallel to the coast, at a scale of 

approximately 1:18,000 taken by an unknown entity ca. 1970: 

Foglio Strisciata Positive No. Negative No.
201 1 4374 79420 
201 1 4375 79421 
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201 1 4376 79422 
201 1 4377 79423 
201 1 4378 79424 

Table 3.2: Unknown photographs over the territory of Metapontion. 
 
a series of 14 photographs along the Bradano valley (mouth to Tavole Palatine, ca. 9 

x 3km) at a scale of approximately 1:10,000 taken by the AM in 1953: 

Foglio Strisciata Positive No. Negative No.
201 2 584 24278 
201 2 585 24279 
201 2 586 24280 
201 2 587 24281 
201 2 588 24282 
201 2 589 24283 
201 2 590 24284 
201 1 592 24286 
201 1 593 24287 
201 1 594 24288 
201 1 595 24289 
201 1 596 24290 
201 1 597 24291 
201 1 598 24292 

Table 3.3: AM photographs over the territory of Metapontion. 
 
and ten photographs along the Basento valley (mouth to Incoronata, ca. 14 x 5km) at 

a scale of approximately 1:19,500 taken by the Società Aerofotografica (“SAF”) in 

1965.52

Foglio Strisciata Positive No. Negative No.
201 3 8665 76926 
201 3 8666 76927 
201 3 8667 76928 
201 3 8668 76929 
201 3 8669 76930 
201 3 8670 76931 
201 3 8672 76933 
201 3 8673 76934 
201 3 8674 76935 
201 3 8675 76936 

Table 3.4: SAF photographs over the territory of Metapontion. 
 

2. The first GIS-based study 

 

In the published ICA remote sensing/GIS study of the Metapontine landscape  
                                            
52 On the SAF see Boemi (2003c) 41. On the other series, see section 1.V, pp. 28-42. 
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organization53, the historical aerial photographs were georeferenced to a very large 

(ca. 40 x 22km) base image created from a pair of contiguous IRS-C panchromatic 

black-and-white satellite images acquired in 1998; the base image had been 

georeferenced to the UTM projection (Zone 33 North/33T) on the WGS 1984 datum 

using differentially corrected GPS positions acquired with both kinematic and 

stationary methods.54 (On the projection and datum, see pp. 116-117 below.)  

This approach has a variety of spatial problems which introduce a significant 

amount of uncertainty (imprecision) into the process of positioning the archaeological 

features. First and foremost, a raw IRS satellite image covers an enormous expanse 

of territory from a very high altitude and is therefore highly flattened with poor 

inherent geometric fidelity. Second, the spatial accuracy of the georeferenced 

version of the IRS image is not uniform. Due to constraints in time and resources, the 

kinematic GPS survey was limited to the roads lining the coastal plain and following 

the river valleys, while the stationary GPS survey was restricted almost exclusively to 

the coastal plain and Pizzica terrace. The accuracy of the georeferenced base image 

is therefore doubtless relatively high along the first ca. 7km from the coast, but it 

diminishes rapidly as one moves up the marine terraces and towards the interior, 

given the scarcity (or complete absence) of ground control in those areas. Geometric 

errors in the base image will be inherited by the target images (in this case, the aerial 

photographs), particularly in the areas not well-controlled by GPS data (and therefore 

still subject to the satellite’s poor image geometry).  

Third, the IRS image’s spatial resolution, at 5m/pixel, appears coarse and 

blocky at medium and large scales, so that it is difficult for the user to locate 

precisely ground-control features which appear clearly on aerial photographs at the 

same scales. Fourth, and just as important, there is a long time-lag – over 40 years – 

between the aerial photographs and the IRS image; in that span the appearance of 

the Metapontino has changed dramatically, with many new buildings, canals, and 

roads constructed, and many older such features modified as the local infrastructure 

has been upgraded. Thus the analyst has less confidence in the identification of 

                                            
53 Carter/Thompson/Trelogan (2004). 
54 Carter (1999) 19-20; Carter/Thompson/Trelogan (2004) 131-132. 
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many of the road-intersections and building-corners used as ground control points 

(GCPs) in the georeferencing process. 

Overall, the sources of spatial uncertainty in this first attempt to study the 

Metapontino with GIS and remote sensing techniques are large enough to warrant a 

reassessment of the methods. The scale of the accumulated error is difficult to 

estimate, but the positions of “division lines” as measured may have absolute errors 

of 30-50m (across photographs) and relative errors of up to 20m (within 

photographs). 

 

3. An improved methodology 

 

In order to create a better representation of the “division lines,” the aerial 

photographs should be registered to a set of base-data that has more consistent and 

accurate geodetic and spatial control. The E.S.A.C.T.A. 1:10,000-scale topographic 

map of the Metapontino commissioned by Adamesteanu ca. 1970 are just such a 

source. The map was prepared from aerial photographs over a limited area by a 

company specializing in photogrammetric mapping using advanced photogrammetric 

methods and precise geodetic controls, so that a consistently high level of spatial 

accuracy can be expected. (Their spatial accuracy has in fact been tested and 

verified – even in the third [vertical] dimension – with high-precision GPS equipment 

in the 2000-2003 ICA field survey campaigns.55) The E.S.A.C.T.A. map also has the 

advantages of large scale, being easier to read than the grainy IRS image, and a 

much shorter time-lag – the map records the Metapontino as it was just 15 years 

after the 1954-1955 GAI photographic mission, with consequently fewer 

discrepancies in land-use and feature-location. 

The 16 E.S.A.C.T.A. sheets belonging to ICA had already been professionally 

scanned, and then accurately georeferenced by me for use in ICA’s GIS of the 

Metapontino, so that they were already available for use in this study.56

                                            
55 See Prieto (2000). 
56 The GIS platform employed in this study is ArcGIS® 9.x by Environmental Systems 
Research Institute, Inc. (ESRI™). I wish to thank Prof. Joseph C. Carter for access to the 
software and a desktop computer at ICA. 
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The next step in the process was identification of the minimum set of 

photographs needed to locate all of the visible Metapontine ditches, determined by 

carefully studying ICA’s collection of paper and digital photographs. These are the 12 

most central GAI photographs57, two of the five photographs over the coastal plain 

and lower marine terraces (“unknown series”)58, and one photograph from the AM 

mission.59 (Many of the “division lines” are visible in multiple photographs across 

multiple series, but the amount of time needed to georeference all of them accurately 

would have been prohibitive, and the benefit dubious.) The paper copies of the GAI 

photographs were scanned at 1200dpi, and the paper copies of the “unknown series” 

at 600dpi60, to ensure a spatial resolution of 1m/pixel for the georeferenced versions 

of the first two series. The lone AM photograph exists only as a 600dpi scan, 

                                                                                                                             
The original high-resolution scans (300dpi) of the individual 21 x 18“ (ca. 5.5 x 4.5km) 

sheets were downsampled to 150dpi resolution in Adobe Photoshop to reduce file size while 
preserving adequate detail. They were then georeferenced with Research Systems, Inc.’s 
ENVI® remote sensing software via an “image to map” warping process: the corners of each 
sheet (in map space) were marked in pixel space and assigned their real-world coordinates 
(printed at the corners), upon which the software’s algorithms warped the sheets to their 
geographic positions by comparing the positions of the corners in map and pixel space. The 
spatial resolution of the georeferenced sheets is 1.65m/pixel. 

The E.S.A.C.T.A. map was originally composed in the Gauss-Boaga projection, an 
Italy-specific variant of the Universal Transverse Mercator (UTM) world-wide projection 
developed by the United States military in the Second World War. During registration I 
reprojected the sheets to true UTM (in this case Zone 33T / 33 North, covering eastern Italy) 
on the WGS 1984 datum, a projection/datum combination widely used to represent European 
GIS data. (See DMATM 8358.2 for the history and description of UTM and NIMATR 8350.2 
for the history and description of WGS 1984.) 

The Gauss-Boaga projection parameters are infrequently published and thus difficult 
to find, so I reproduce them here for the benefit of anyone who wishes to perform a similar 
project with Italian data or to assess the accuracy of this method. Datum – Rome 1940 
(Monte Mario), referenced to the International (Hayford 1909) ellipsoid; central meridian – 
Zone 1 (west) 9’ east of Greenwich, Zone 2 (east) 15’; scale factor at central meridian – 
0.9996; false northing – 0; false easting – Zone 1 1,500,000m, Zone 2 2,520,000m. (The 
UTM projection parameters are published in DMATM 8358.2 §2-2.2.) I wish to thank Prof. 
Clifford J. Mugnier, an expert on geodetic systems around the world and Chief of Geodesy at 
the Center for Geoinformatics (Department of Civil Engineering) of the Louisiana State 
University in Baton Rouge, for confirming this information. 
57 Aerofototeca negative nos. 21314, 30305, 30309, 31660-31661, 35092, 35095-35096, 
35383, 35778-35780 (see Table 3.1 above for full identifications). 
58 Aerofototeca negative nos. 79422-79423 (see Table 3.2 above for full identifications). 
59 Aerofototeca negative no. 24284 (see Table 3.3 above for full identification). 
60 Ideally, a photogrammetric scanner should be used in order to obtain the best contrast and 
shading, but commercial scanners are much less expensive and more readily available 
(Ceraudo 2003b: 96). 
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acquired with a commercially available scanner, sufficient for the same 1m/pixel 

spatial resolution. 

To reduce the effects of radial distortion in the GAI photographs, each 

scanned version was cropped to leave a minimum of overlap and sidelap with 

neighboring photographs; in most cases the result was a square or rectangular 

image confined to the central portion of the photograph (i.e., the most geometrically 

faithful part). (The photographs at the northern and western edges of the 

Metapontino cannot be handled this way because they extend beyond the reach of 

the E.S.A.C.T.A. map, and therefore GCPs cannot be located evenly across their 

surfaces.) The resulting GAI mosaic of the Metapontino therefore has greater 

geometric fidelity than the one composed of fewer, complete photographs 

georeferenced to the IRS image, used by the ICA team. 

All of the scanned aerial photographs were then georeferenced with ENVI® 

using an “image to map” process, in which a given feature in a photograph (typically 

one of anthropogenic origin – thus standing in sharp contrast to the terrain and likely 

to appear in the E.S.A.C.T.A. map – such as the intersection of two roads, a sharp 

bend in a road, or the corner of a building) is marked on-screen and assigned its 

geographic coordinates (in UTM/WGS84), which were read from the georeferenced 

E.S.A.C.T.A. sheets displayed in a GIS. A minimum of five such features must be 

marked before the software can transfer the real-world coordinates of the 

georeferenced map-sheets to the aerial photograph (the process of “warping”) based 

on the geometric relationship of the common points. The scanned photographs were 

warped to UTM/WGS84 with a spatial resolution of 1m/pixel and exported in the TIFF 

format, a standard format for image processing and display. 

The georeferenced TIFF images were displayed in a GIS so that the 

archaeological features could be traced and saved in a dedicated data layer. A GIS 

display scale of ca. 1:5000 was used consistently; this was found to be an effective 

scale for resolving the frequent conflict between the need to see most or all of a 

given feature in order to trace its orientation (especially true of the longer features) 

and the need to position each feature’s starting and ending points precisely. After 

initial tracing each feature was then checked at a closer scale (generally 1:3000-
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1:4000), and adjustments to the vertices of the linear graphics (end-points) were 

made if necessary. Mid-points were avoided in the tracing of the features unless 

absolutely necessary, since linear features with more than two vertices (i.e., end-

points plus at least one mid-point) cannot easily be described in a GIS in terms of 

direction/orientation. 

The GIS layer containing the “division lines,” which will be examined in detail 

below, is the product of three successive readings of the georeferenced aerial 

photographs. Multiple readings were required because each session with the 

photographs can produce different results. The dense concentrations of field 

boundaries and roads/paths and the numerous random discolorations in the soil 

(including plow-disturbed ancient sites, abandoned stream courses, and former 

marshes), as well as the sharp chiaroscuro effects of the sun that can cause the 

same area to appear very different in two photographs, create a near-continuous 

visual “mask” through which the reader must peer cautiously. The “mask” can 

obscure real features and create false ones. The first reading produced a much 

larger collection of features than seen in Figures 3.2 and 3.3, many of which were 

given a provisional label as a marker for further scrutiny; the second and third 

readings served to confirm or reject most of the provisional features. Thus the layer 

is somewhat subjective: as my eyes moved across the photographs, I had constantly 

to make decisions about the likely reality and likely antiquity of linear features based 

on the modern organization of the Metapontino and what is known of the ancient 

organization. Another researcher would agree to the reality of most of the features so 

identified, but at the same time s/he would see a different set of features. (The 

subjectivity of aerophotographic interpretation is soberingly evident in a comparison 

of my plan of visible traces to the equivalent plans of previous researchers.61) 

The layer also incorporates the results of the several excavations involving 

“division lines,” starting with Carter’s excavation of the “Division Line Road” in the 

Pantanello Necropolis and continuing through the excavations for the SNAM 

petroleum/methane pipelines and the Consorzio di Bonifica’s irrigation pipelines in 

                                            
61 E.g., Schmiedt and Chevallier (1959) 1000-1001 fig. 2, 1003 fig. 4; Chevallier (1971) 321 
fig. 8; Adamesteanu (1974) 79; Guy (1995) 435. 
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1999-2002. These excavations have confirmed the existence of many features 

visible in the aerial photographs; on the other hand, and perhaps more importantly, 

they have also demonstrated the existence of features where nothing is visible in the 

aerial photographs. Both these “positive” and “negative” results have been 

incorporated into the present study. 

 

4. Sources of error in the improved methodology 

 

Use of the E.S.A.C.T.A. map as the base layer for georeferencing the aerial 

photographs reduces the spatial error inherited by the aerial photographs to little or 

none, compared to the IRS image employed in the previous study. The “image to 

map” georeferencing of the individual sheets, each of which covers a relatively small 

area of ca. 5.5 x 4.5km, provides consistent spatial control across the entire 

Metapontino. However, it is always possible that careful analysis of the maps by a 

professional photogrammetric cartographer might reveal flaws which I cannot 

perceive. 

The main sources of error in this revised study must then stem from the 

georeferencing of the aerial photographs, and these are difficult to gauge. Remote 

sensing “wisdom” as transmitted in the manual accompanying the ENVI® package 

offers several “rules of thumb” for obtaining reliable results in the georeferencing 

process, among the most important of which is the need to spread GCPs evenly 

around the image to be warped, rather than concentrate them in any one area. 

Placing the GCPs at roughly regular intervals all around an image ensures that the 

geometric correction is also applied evenly across the image. A regular distribution of 

GCPs requires the minimum five points mentioned in the preceding section; in 

practice I chose to create many more GCPs than this wherever possible, since 

experimentation in the early stages of the study had demonstrated significant 

differences in the spatial accuracy of a georeferenced image based on the number of 

GCPs used – in my experience a given image was more accurate when 

georeferenced with ca. ten GCPs than when georeferenced with just five or six 

(based on comparison of the positions of paths, roads, and buildings between 
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georeferenced photograph and map-sheet in the GIS). The anchoring of a large 

number of features creates greater regional fidelity across a photograph, much as 

the georeferencing of the individual map-sheets creates a more accurate geospatial 

base of the entire Metapontino. The range of GCPs employed in this study, for all 

series, varied widely based on the availability of clearly recognizable features, from 6 

to 18 (the mean and mode are both 12). The minimum of 6 GCPs allowed all of the 

aerial photographs to be warped with polynomial functions (generally to the first or 

second degree, rarely to the third), which produced the best results among the three 

available methods by spreading the warp effects evenly across an image. 62

ENVI® furthermore provides Root Mean Square (RMS) error estimate as a 

measure of georeferencing accuracy. RMS is the mathematical difference between 

two sets of geometric coordinates that are supposed to represent the same points in 

(Cartesian) space; once the minimum five GCPs have been created (and thus a 

preliminary geometric model for the warping process), the software can compute the 

mathematical difference between the known X and Y coordinates of each GCP on 

the georeferenced E.S.A.C.T.A. sheets and the expected coordinates of its 

corresponding GCP in the aerial photograph, as well as the overall spatial 

coordination between the map as a whole and the aerial photograph as a whole. 

Moving a GCP affects both its own RMS and the overall RMS. Every unit of RMS is 

equal to a pixel-unit of the image to be georeferenced – every one unit of RMS error 

in the georeferencing of the IRS image, for example, can be translated as 5m of 

spatial uncertainty. Remote sensing “wisdom” logically advises the user to minimize 

the overall RMS error (a maximum of ca. 2.0 is generally recommended) in order to 

reduce the spatial uncertainty of the georeferenced product.63

                                            
62 The other methods, RST (rotation, scaling, and translation) and Delaunay triangulation, are 
less satisfactory because they apply geometric corrections on a localized scale and therefore 
leave large uncorrected areas where GCP coverage is poor. 
63 RMS error can be reduced to near zero if the distorting effects of relief are considered 
during registration. This more advanced process, known as orthoregistration or 
orthorectification, utilizes a Digital Elevation Model (DEM), a georeferenced raster 
representation of a landscape in which every pixel is coded with an elevation value. Although 
ENVI has an orthoregistration routine and ICA possesses two DEMs of the Metapontino, I 
chose not to orthorectify the aerial photographs because neither DEM has sufficient spatial 
accuracy for the task (see also p. 128 Note 77 and p. 193). 

 120



My experimentation with georeferencing in the early phases of this study, 

however, demonstrated that a minimal RMS error almost without exception required 

a very low number of GCPs, at most five or six, to be concentrated mostly at the 

center of an image. As argued above, such a number is too low to preserve spatial 

fidelity. Furthermore, failure to place at least three or four GCPs relatively close to 

the edges of the image (where geometric distortion is highest, and therefore RMS 

error is also high) instantly robs the image of spatial accuracy over 50% of its surface 

at least, because only a small portion of the center is correctly rectified. I 

experimented with several images (including the already cropped GAI images), 

creating large numbers of dispersed GCPs and generating relatively high RMS 

figures (up to ca. 20.0+), then disabling various combinations of them to reduce the 

RMS; the several georeferenced versions created in this way in general did not 

compare favorably in overall spatial fidelity with the version of the same image 

georeferenced using all of the GCPs and high RMS error, thus confirming again that 

more – rather than fewer – GCPs produce better results in this case, provided they 

are arranged sensibly. 

I made the decision to disregard the RMS error because it is a rigid and 

unsophisticated metric which often defies the user’s knowledge of a landscape and 

its features – it is surely worthwhile to sacrifice 3m of spatial accuracy near the 

center of an image in order to preserve 8m of spatial accuracy mid-way between 

center and edge. In general the GCPs were spread evenly around an image but 

were never placed at more than ca. 75% of the distance from the center to the edge 

(as measured from the center) so that the RMS did not become gratuitously large. I 

also made the effort to use the same features as GCPs between neighboring 

photographs of the same flight-strip, to the extent that this was possible and when 

the features were reliable, for the sake of consistency. Table 3.5 lists the 

georeferenced photographs with the number of GCPs and overall RMS for each: 

Series Negative No. GCPs RMS 
GAI 31661 12 11.07
GAI 30305 7 7.28 
GAI 30309 17 16.52
GAI 35092 15 9.83 
GAI 21314 9 10.85
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GAI 31660 12 15.76
GAI 35383 11 20.05
GAI 35778 18 18.74
GAI 35095 18 16.32
GAI 35779 11 14.83
GAI 35096 10 5.49 
GAI 35780 6 1.65 

Unknown 79422 17 5.97 
Unknown 79423 18 4.17 

AM 590 7 6.02 
Table 3.5: RMS errors for georeferenced aerial photographs of the Metapontino employed in 
this study. 
 
RMS is obviously much lower in large-scale (low-altitude) photographs (AM and 

“Unknown”), a result of their reduced optical distortion compared to medium-scale 

series like the GAI. Since all of the above-listed georeferenced photographs have a 

spatial resolution of 1m/pixel, the maximum spatial error in the group as indicated by 

RMS is 20m. Within the GIS, informal checks on the alignment of identical features in 

the overlapping portions of the aerial photographs reveal that misalignment is 

typically ca. 5-25m, with an average of ca. 10m; informal checks on feature 

alignment between map-sheets and photographs demonstrate misalignment ranging 

from ca. 5 to 20m, typically 10m or less. These results are a significant improvement 

over the total of ca. 30-50m estimated error inherent in the previous ICA study. 

 

 In the following sections I use the improvements in methodology described 

above to revise the discussion of the “division lines” begun in Chapters 1 and 2, with 

the aim of improving the quality and quantity of the information that can be obtained 

from the evidence. 

 

5. Detailed description of the organized landscape 

 

A. Anthropically-directed features: the “division lines” 64

                                            
64 The “division lines” are here treated as anthropically-directed features because their 
geometric arrangement takes precedence over their coincidence with the geologic 
substructure and topographic declination (see pp. 66-67 and p. 92 above). The latter also 
exerted a strong influence in their design, making them topographically-directed to a limited 
extent, a topic that is addressed in Chapter 4. 
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 According to my inspection of the aerial photographs and the various recent  

publications by archaeologists from ICA and the Soprintendenza65, there are 24 

confirmed longitudinal “division lines” covering approximately 10 x 6km (6000ha) of 

the chora between the Bradano and Basento Rivers (Figure 3.2), and 23 between 

the Basento and Cavone (Figure 3.3) covering approximately 7 x 6km (4200ha). 

No “division line” runs continuously across the entire breadth of the chora in 

the aerial photographs. Between Bradano and Basento the longest feature is L15, 

the six segments of which suggest a hypothetical total length of approximately 

10.1km; L15 is also the longest feature – on both sides of the Basento – in terms of 

visible extent, but the 5.9km combined length of its segments is nevertheless a 

remarkably small fraction (ca. 58%) of its hypothetical length as suggested by the 

line formed by the northwest end of L15f and the southeast end of L15a. The longest 

feature between Basento and Cavone is L11, which appears to cover ca. 7.3km but 

in reality is visible over only 5.1km (70% of the suggested length). 

At least 17 of the 24 features in the Bradano-Basento area consist of two or 

more discontinuous segments (visible and/or invisible-but-excavated), and there are 

14 such features (out of 23) in the Basento-Cavone area. All of the remaining 

features consist of a single segment each. The longest visible segment of any 

feature measures 3.2km (Basento-Cavone L13), while the two shortest visible 

segments measure ca. 80-85m (Bradano-Basento L04a and L18b). The combined 

length of all 117 confirmed segments (Bradano to Cavone) is approximately 97km. 

 

 Between Bradano and Basento there are 58 segments of longitudinal 

features visible in the aerial photographs, so that their orientations can be traced 

(Figure 3.4). The orientations fall within the range 47.9-51.8° west of north, with a 

mean of 50.0° and a standard deviation of 0.74°. 

 The aerial photographs over the Bradano-Basento area reveal distinct traces 

of at least three transverse linear features (T01-T03), all located on the eastern side 

of the Travaglione/Gravaglione stream in the Pizzica locality at an orientation of 26-

27° east of north, including the feature partially excavated by ICA and the 

                                            
65 Carter (1999); Nava (2000)-(2003a,b); Carter/Thompson/Trelogan (2004). 
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Soprintendenza in 1999 (T01 – see p. 74).66 The longest visible transverse feature 

(T01) measures ca. 1.8km, the shortest (T02) ca. 650m. The angle formed by the 

crossing of the longitudinal and transverse lines is ca. 76-78° (typically 77°, as 

measured from intersections of T01-T03 with L04-L12). 

 The curious unique “diagonal line” (D01) located in 1999 at two points by 

transverse trenches, a short distance northwest of the intersection of T01 with L09b 

(see p. 74), is oriented 16° west of north, forming an angle of ca. 66° with L09b. 

 

There are 15 additional segments between Bradano and Basento which are 

difficult to discern in the photographs but nevertheless may have been part of the 

landscape organization. These are eight longitudinal fragments (L02a, L03a, L06b, 

L08b, PL01-04), five transverse fragments (PT01-05), and two diagonal fragments 

(PD01-02; see Figure 3.2). Two of the longitudinal fragments, L02a and L03a, are 

known only through excavation; according to the published plans (which are 

reproduced at very small scales and are therefore very difficult to interpret), L03a lies 

ca. 200m northeast of L0467, and L02a another ca. 200m further to the northeast. 

Five of the fragments lie in the Saldone locality. Two of them can be associated with 

known “division lines” (L06b and L08b), while the other three (PL01-03) fall between 

confirmed segments, at distances of 70-100m from them. The eighth longitudinal 

fragment (PL04) lies ca. 210m northeast of L24 in the Avinella locality. Its very short 

length (ca. 70m) suggests that it is a naturally-formed extension of the modern gully 

into which it flows, rather than part of the ancient landscape organization. The range 

of orientations for these six visible longitudinal segments is 48.9-54.6° west of north. 

The five potential transverse lines appear on either side of the 

Travaglione/Gravaglione stream in the Pizzica locality. One (PT01) lies ca. 165m 

southeast of T03, on the east side. The remaining fragments (PT02-05) all lie on the 

west side, separated by intervals of 260, 280, and 370m. Their orientations range 

                                            
66 Three transverse “division lines” are shown in the Pizzica locality in Nava (2002) 734 fig. 6 
and 741 fig. 9. The northernmost line is T01. The other two appear to be conjectures (based 
on aerial photographs?) because no excavated sites are marked at any point along them. 
67 Nava (2003a) 665 fig. 5 and (2002) 741 fig. 49. Note that L03a is shown in a different 
position, relative to the Bradano, in each report. 
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from 27° to 30° east of north. All are faintly visible in the aerial photographs, with the 

exception of the easternmost feature south of the Gravaglione, which is traced from 

hypothetical plans published by the Soprintendenza.68

The two short diagonal features (PD01-02), separated by ca. 565m and 

oriented at 70.5° and 76° east of north, lie between L12 and L15 on the northwest 

side of the Travaglione. They are included in the discussion because they strongly 

resemble the majority of the visible longitudinal segments in appearance and are 

unnaturally straight. 

 

Between the Basento and Cavone there are 52 segments of “division lines” 

that can be traced from the aerial photographs (Figure 3.5). Their orientations vary 

from ca. 67.5° to ca. 74.5° west of north, with an average of ca. 72.5° and a standard 

deviation of ca. 1.2°. 

Three additional segments are visible in the aerial photographs but are here 

treated as dubious, despite sharing the longitudinal orientation of the other 

segments, because of their weak appearance and/or unusual location: L01a, L19b, 

and PL01 (see Figure 3.3). 

L01c is shown in Figures 3.3 and 3.5 with the approximate length indicated in 

the published plan69, although in reality only a very small portion of it, in the vicinity of 

L01b, has been confirmed by excavation. The two short, straight linear features 

PD01-02, oriented ca. 75° east of north and ca. 49° west of north and nearly 

intersecting at L01c, are distinctly visible in the aerial photographs. 

 De Siena has interpreted PT01, the excavated canal protruding from L01c at 

an angle of approximately 45° east of north, as a transverse feature of the landscape 

organization between Basento and Cavone.70 This conclusion cannot be accepted as 

it now stands because there is no other information that can independently confirm 

the transverse orientation – none of the aerial photographs in any of the series 

displays even a fragment of a credible transverse feature – and because the only 

excavated evidence for the feature comes from the end overlooking the Basento 
                                            
68 Nava (2002) 733 fig. 5. 
69 Nava (2002) 739 fig. 8. 
70 Cited in Nava (2003a) 670-671. 
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valley, where the feature was cut by the petroleum pipeline trench. The publication 

contains no information about the dimensions of the excavated section of the canal 

and the instruments used to map it (presumably a simple transit and measuring tape) 

– the factors which have the most influence in the determination of its orientation. 

PT01 should not be treated as part of the landscape organization between Basento 

and Cavone until additional evidence is discovered or published. 

 

B. Topographically-directed features: roads 

 

 There are just a few traces of ancient, probably prehistoric roads in the 

Metapontino (Figure 3.6). Schmiedt and Chevallier noted at least two segments of a 

road oriented parallel to the coast, one each on either side of the Basento (R1 and 

R2).71 These segments belonged to a very long road connecting settlements all 

along the Ionian coast, which Schmiedt and Chevallier dated from prehistoric through 

historical times. (Adamesteanu, however, saw this same segment as belonging only 

to the historical road linking the Italiote colonies from Taras to Rhegion; he believed 

that the prehistoric version lay slightly further inland.72) 

 Segment R3 is the “Basento Road” documented by ICA as part of the 

Pantanello Necropolis excavations (see pp. 19-20 and 70-71). Its continuation to the 

east (R4) is easily traced in the aerial photographs. Recently the Soprintendenza has 

claimed the discovery of a branch of this same road to the northeast (R5), crossing 

the Pizzica terrace towards the extramural Temple of Hera (Tavole Palatine). The 

existence of this branch has been detected only by excavation, presumably at the 

very northeastern end, at sito M and sito X.73 As Carter has demonstrated at the 

                                            
71 Schmiedt and Chevallier (1959) 997. Segments R1 and R3-4 were traced from negative 
nos. 31661 and 30305 of the GAI series and negative nos. 79422 and 79423 of the 
“Unknown” series; segment R2 was traced from negative nos. 30309 and 35092 of the GAI 
series. (See Table 3.1 above for the complete references.) 
72 Adamesteanu (1963) 50-52, (1967c) 96. The same feature has continued into recent times, 
albeit in varying incarnations. In the late 19th century it was a simple dirt road (Lacava 1891: 
120), and most recently it has become the Italian paved state highway SS106 “Jonica” 
covering the ca. 500km from Taranto to Reggio di Calabria. See also Lugli (1963) 30. 
73 Nava (2003b) 131 fig. 249, 132-133. 
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western end of the “Basento Road” (R3)74, the ancient remains of segment R5 

presumably lie beneath the modern farm road (tratturo) visible in the aerial 

photographs (and thus R5 has been traced along the line of the modern road). R6 is 

a short, faint segment immediately northwest of the urban walls that, because of its 

alignment with Plateia A of the urban grid, should be identified as a road – perhaps 

the primary road – connecting the asty and the chora. 

 

6. Structural observations 

 

As mentioned earlier in this chapter, the anthropically-directed features of an 

organized Greek landscape on the Croatian island of Hvar – the colonial territory of 

Pharos (see pp. 25-26 and pp. 107-108 above) – have recently been subjected to a 

GIS-based spatial analysis that has provided a unique archaeological glimpse into 

ancient Greek survey theory and methods.75 By measuring and comparing the 

orientations of both the longitudinal and transverse segments at the center of the 

orthogonally organized territory, the researchers found that the segments deviated 

consistently from the intended mean longitudinal and transverse orientations in four 

directions around a central point – the point of maximum visibility in all directions – 

which was clearly the origin of the surveyed grid. The deviations, too subtle to detect 

in a simple paper plan, are probably artifacts of optical distortions and consequent 

errors in sighting caused by the topographic irregularity of the Pharian plain. The 

organized landscape of Pharos is for this reason an example of an only partially 

successful attempt to impose an anthropically-directed structure on a landscape – 

partially successful because the surveyors underestimated the influence of 

topographic variation on the geometric design. 

 

A similar approach is here applied to the Metapontine “division lines” – 

another large set of anthropically-directed features – for the first time, in the hopes of 

illuminating the relative influences of man and environment in the organization of the 

                                            
74 Carter (1998a) 34. 
75 Slapsak and Kirigin (2001) 571-573, 578-585. 
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ancient Metapontino. As at Hvar, the structural properties of the Metapontine 

“division line” segments may preserve traces of the methods and sequence of the 

survey and the subtle influence of topography on the design. Most scholars working 

in the Metapontino, for example, have identified L15 as the first longitudinal axis of 

the organized landscape between Bradano and Basento to have been established 

by the ancient surveyors because of its unusual length and central position (see 

Figure 3.2), from which all other longitudinal features could be marked in both 

directions.76 A three-dimensional digital elevation model (DEM) of the Metapontino77 

displayed in a GIS reveals that the full extent of the organized territory is indeed 

visible from virtually any location along L15 (Figure 3.7): from the coastal plain one 

can clearly see the low Pizzica terrace and the rolling plains of Lago del Lupo and 

Cogno del Prete behind it, and vice versa. This visibility is only theoretical, however – 

almost any kind of vegetation, from scrub to stands of trees, would have interfered 

with the sight-lines. 

The following analysis investigates, with the aid of GIS, aspects of the 

Metapontine landscape organization such as: 

• Was the territory surveyed all at once, or piecemeal? 

• Where did the survey begin? 

• What are the reference-points of the survey (if any)? 

 

A. The “division lines”: orientation 

 

The most obvious and perhaps most interesting characteristic of the 

Metapontine landscape organization is the orientations of the individual “division line” 

segments. The distribution of orientations across the landscape may contain artifacts 

of the survey process, as at Hvar, on the assumptions that 

                                            
76 Schmiedt and Chevallier (1959) 999-1000; Uggeri (1969) 53-54 (also describing a stone 
“stele base” he allegedly observed at the southeastern end of L15a); Guy (1995); Carter 
(1998a) 45. 
77 I created this DEM from ASTER satellite data (bands 3n and 3b) with the interferometric 
routines in the Geomatica remote sensing software by PCI, Inc., using 1:50,000 IGM 
topographic maps for reference elevations; the spatial resolution is 15m/px. 
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• the survey process was founded on at least one primary sighting along the 

longitudinal and transverse axes, in both sides of the chora (although the 

transverse aspect cannot be recovered in either side because of the paucity 

or absence of transverse segments); and 

• if the surveyors made errors in the sighting of lines and the marking of 

subdivisions across the grid, as at Hvar, because of topographic irregularity, 

so that perfect alignment was not maintained among all segments in a given 

orientation (as is to be expected, given the relatively large room for error in 

ancient surveying techniques), the errors are likely to have been propagated 

from the origin in specific directions. 

Therefore longitudinal segments visible in any given locality of the Metapontino are 

likely to have similar orientations, while consequently the longitudinal segments of 

other localities are likely to be oriented somewhat differently. In other words, the 

orientations of the individual segments are likely to preserve at least a small degree 

of unintended spatial patterning. 

 

The numeric values of the longitudinal orientations (in degrees west of north) 

were calculated in a GIS and added to the “division lines” data layer (Figures 3.3-4). 

The sub-parallelism of the segments (see the descriptive section on pp. 123-126 

above) is evident also in the distances between the ends of virtually any two 

neighboring segments (whether consecutive or not).78 In the Bradano-Basento area, 

no two neighboring segments of longitudinal “division lines” are perfectly parallel. In 

the best cases the misalignment is less than 1m over distances between the 

measured intervals (i.e., along the axis of the longitudinal “division lines”) ranging 

from ca. 450 to 1015m. In the worst cases, by contrast, the difference between 

intervals ranges from 11.8 to 21.4m, over approximately the same distances (ca. 

540-1050m). In the Basento-Cavone area the best cases again fall below 1m over 

                                            
78 This procedure was performed by tracing two “interval” lines between two neighboring 
longitudinal segments, such that the “interval” lines were approximately perpendicular to the 
longitudinal segments, and calculating the difference in length between the two “interval” 
lines. 
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distances of approximately 500-900m, while the worst cases measure ca. 12-14m 

over distances of approximately 640-835m. 

The orientation values were employed as the sorting criterion of a new color-

coding scheme for the “division-line” layer based on a statistical classification method 

provided by the GIS software. Several such methods were tested (Jenks/natural 

breaks, equal interval, defined interval, quartiles, standard deviation).79 None of the 

methods revealed a clear pattern in the distribution of orientations in any part of the 

territory. In the Bradano-Basento area there is a consistent but weak distinction (ca. 

1° difference) between the longitudinal features in the southeast (Pizzica locality) 

and those in the west (Demanio Campagnolo and Lago del Lupo localities), most 

apparent in the Jenks/natural breaks classification (Figure 3.8). The differences in 

orientation are nevertheless so coarse (the color coding remains essentially the 

same when using any number of orientation groups, from 5 to 30, to represent the 

ca. 4 degrees of spread between minimum and maximum values) as to be possible 

artifacts of the segment-tracing process in the GIS, rather than the ancient surveying 

process. The largest deviations from the mean orientation between Bradano and 

Basento – nine examples, all greater than 1.0° in either direction (i.e., standard 

deviation greater than ±1.38) – are scattered throughout the length and breadth of 

the area and thus demonstrate no pattern (Figure 3.9, in purple). The orientations of 

the “division line” segments in the Bradano-Basento area appear to be randomly 

distributed, not patterned as expected. 

The range of orientations of the six segments of L15, 47.9° to 50.6° (see 

Figure 3.4), suggests that this particular longitudinal feature was laid out in more 

than one stage. The most significant variation from the mean is the first segment, 

L15a (2.06° difference, three times greater than the next nearest value). Its deviation 

may be due to a shift in the sighting-point from the coastal plain to the Pizzica 

terrace; it is equally possible, however, that the gentle southwestern-facing slope of 

that location created an optical distortion, so that the crooked line appeared straight 

to the surveyors. The same two scenarios (shift in sighting-point and optical 

distortion) are possible also for segments L15c and L15d, which have a similar 

                                            
79 ArcMap 171-174. 
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orientation that is noticeably different from the orientations of the other four 

segments, but in this case the optical distortion scenario is less likely because the 

territory between L15c and L15f is essentially level. Therefore L15 was probably not 

surveyed in a single operation, but even so it may have played a specific role in the 

general landscape organization (see pp. 133-134 below). 

 

In the Basento-Cavone area the various statistical classification methods 

reveal absolutely no pattern in the orientations (Figure 3.10). Most of the variation 

occurs at the eastern edge of the organized landscape, where several of the 

segments are deviated by as much as 3-5° from the mean (standard deviation ±2.6-

4.3), while the majority of the orientations fall within a range of 1-2° (ca. 1-1.5 

standard deviations) – a difference too small to be considered truly significant. 

(Given the smaller sample of testable segments available in this area, however, the 

geographic distribution of variations may be considered unreliable anyway.) 

 

In summary, analysis of the segment-orientations reveals no clear traces of a 

survey origin-point or other reference points on either side of the Basento, or of a 

survey process. The absence of patterns in the orientations of the “division lines” 

may indicate, on the one hand, that the territory was organized either all at once with 

poor geometric control or in very small increments involving small (sub-locality) 

areas. On the other hand, it is equally possible that the process of tracing the 

segments in the GIS is so imprecise as to generate small but significant errors in 

segment orientation, which confound interpretation. (Greater precision is impossible 

without resorting to ground-based survey using an electronic theodolite, an approach 

that would require, first, identification of the segments on the ground – a task 

rendered extremely difficult in most cases by the massive alterations of the 

landscape by heavy earth-moving equipment during the past half-century.) 

Nevertheless this data is the most accurate available, and it has produced at least 

two potential results that may one day be tested more rigorously: the segments in 

Lago del Lupo and Demanio Campagnolo may have been surveyed in a separate 
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operation from those in Pizzica, and the “central” longitudinal feature L15 is probably 

not the product of a single survey operation. 

 

B. The “division lines”: interval distance 

 

Another potentially meaningful characteristic of the Metapontine landscape 

organization is the much-discussed distance between longitudinal segments.80 

Variations, especially if localized, could be evidence of a locality-by-locality survey 

process or a piecemeal survey process performed over the course of several years 

(or even several generations). Localized variations in interval distances might also 

reveal the locations of survey reference-points. 

 

Between Bradano and Basento the linear features are separated by a broad 

range of intervals, ca. 179-243m, with all but two of the 104 intervals measured 

falling in the range 185-235m (Figure 3.11). If the single shortest and longest 

measured intervals are treated as outliers and excluded, the Jenks natural breaks 

method divides the remaining 102 intervals into the following groups: 

5 groups Count 4 groups Count 3 groups Count 
184.5-193.8m 9 184.5-196.1m 12 184.5-203.2m 48 
195.0-201.6m 32 196.6-205.4m 43 203.8-218.0m 33 
202.3-208.3m 24 205.5-218.0m 26 221.0-235.4m 21 
208.8-218.0m 16 221.0-235.4m 21   
221.0-235.4m 21     

  Table 3.6: Groupings of “division line” intervals, Bradano-Basento. 
 
Though the mean interval, 207.8m, is remarkably close to the most commonly 

accepted “standard” interval for “division lines” between Bradano and Basento 

(210m), the large standard deviation of the sample (12.4m) means that 70% of the 

measured intervals (i.e., 71 of 102) fall in the rather wide range of 195.4-220.2m 

(reflected in the near total immobility of the counts in the first and last interval 
                                            
80 In this study the distances between segments were measured on the perpendicular where 
feasible (i.e., when the neighboring lines were perfectly or nearly parallel), and as near to it 
as possible otherwise. In cases of neighboring segments separated by empty spaces of ca. 
400+m, the empty spaces were presumed to have been part of the organized landscape, and 
the measured distances were divided by the appropriate factor (2, 3, etc.) based on the 
number of missing intermediate features. 
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categories between 5 and 4 groups). The interval groupings, furthermore, are 

anything but tightly defined, with values spanning ranges from ca. 6m to ca. 14m. 

The interval groupings in Table 3.6 suggest that the Metapontine surveyors used 

several intervals (ca. 200m, ca. 205m, and ca. 225m) but could not – or simply did 

not – strive for perfect regularity. 

 Between Basento and Cavone the intervals separating segments of visible 

longitudinal features range from ca. 226 to 284m, with all but two of the 73 intervals 

measured falling in the range 232-262m (Figure 3.12). Excluding the outlying two 

intervals (lowest and highest), the remaining 71 intervals are divided into the 

following groups: 

5 groups Count 4 groups Count 3 groups Count 
231.8-238.5 9 231.8-238.5 9 231.8-240.7 11 
240.4-244.2 18 240.4-244.8 21 241.4-249.2 41 
244.5-247.1 21 245.1-250.4 24 250.4-261.9 19 
248.6-252.8 14 251.5-261.9 17   
254.6-261.9 9     

  Table 3.7: Groupings of “division line” intervals, Basento-Cavone. 
 

Here the standard deviation (6.3m) is large enough to capture 73% of the intervals 

(52 of 73) in the range 240.0-250.6m and suggests that the frequently cited 

“standard” interval of 245m should be replaced by perhaps three common intervals: 

ca. 235m, ca. 245m, and ca. 255m. 

 

The distribution of the intervals in the Bradano-Basento area appears to 

follow a vague pattern, most evident in the group of four natural breaks (Table 3.6 

above and Figure 3.11): the first two groups (shortest intervals) are localized 

generally on the north side of the central (longest) feature (L15), while the fourth 

group (longest intervals) is limited to the space defined by L15 and the Venella valley 

(L21). The intervals of group 3 (205.5-218.0m) are scattered on both sides of L15 but 

concentrate immediately to the south of it. In this arrangement one may see four 

broadly-defined parts of the landscape organization – L01-L09, L10-L15, L15-L18, 
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and L19-L21 – but clearly one cannot, like Guy81, speak of multiple overlapping 

systems with rigidly-maintained intervals.  

L15 appears to have played a role in the survey that was not shared by the 

other longitudinal features. The survey may have begun on opposite sides of the 

chora, at both the Venella and the Bradano, and then converged towards the center; 

or it may have been performed in two stages (Bradano-L15, L15-Venella). The 

approximate positions of the longitudinal features may have been marked over 

distances of several hundred meters at a time before the main sighting axis was 

moved to another location. 

 

 The distribution of interval units between Basento and Cavone follows no 

apparent pattern, no matter how many groupings are used. The three groupings 

generated by the Jenks natural breaks method (see Table 3.7) are distributed 

randomly from north to south and east to west (Figure 3.12). When five groupings 

are used, one may note that intervals in the range 240.4-244.2m tend to concentrate 

around the central longitudinal feature (L11), and intervals in the range 244.5-247.1m 

generally lie immediately south and west of L11 (Figure 3.13), but the pattern does 

not lend itself to interpretation. 

 

 Analysis of the distances between segments suggests that at least three 

intervals were used regularly when surveying the “division lines” in both halves of the 

chora, so that the idea of the single canonical interval can be abandoned for good. 

Only between Bradano and Basento do the interval groupings reveal any information 

about how the chora was surveyed: it is possible that L15, the central “division line,” 

was the point at which as many four separate survey processes converged (or from 

which they emanated). 

  

 The analyses presented in these sections demonstrate how modern concepts 

and equipment can be used to unravel complex questions and bring greater 

precision to arguments about geometric organization of landscapes. 

                                            
81 Guy (1995). 
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C. Discontinuity of the “division lines” 

 

 The “division lines” appear discontinuously across the landscape on either 

side of the Basento. Many of the features are composed of distinct segments 

separated by distances ranging from just 230m (Bradano-Basento L09a-b) to ca. 

4.6km (Bradano-Basento L13b-c). There are also large gaps in the overall 

organization, in which most or all “division lines” are completely absent. The largest 

of these are the 3.0 x 1.5km gap in the Demanio Campagnolo/Lago del Lupo area 

between Bradano and Basento, where L01-L18 are interrupted, and the ca. 3.0 x 

2.5km gap in the Incoronata/San Teodoro area between Basento and Cavone, in 

which there are no traces of L01-L10. 

 These “holes” in the Metapontine landscape organization pose a significant 

problem for interpretation of the system as a whole. On the one hand, there are 

several areas, in both halves of the chora, where no segments are visible in the 

aerial photographs, and therefore one is led to believe that the system did not extend 

into those areas; yet excavation in the same areas has revealed the presence of 

buried segments.82 That parts of the “division lines” may not appear in the aerial 

photographs should call into question the accuracy of the information provided by the 

aerial photographs. 

 On the other hand, there are several reasons for which one may nevertheless 

have confidence in the evidence from the aerial photographs, in particular the GAI 

series. First, in many areas preserved segments of “division lines” have probably 

been replaced by modern field-boundaries, roads, or canals, so that underlying 

ancient remains cannot be verified except through excavation. Second, the GAI 

photographs were taken in 1954-1955, immediately prior to the introduction of 

mechanized agriculture in the Metapontino; one may reasonably expect that the 

absence of “division line” segments is not due to mechanical alteration. Their 

                                            
82 The three examples known to me are Bradano-Basento L02a (Nava 2003a: 665 fig. 5) and 
L03a (Nava 2003a: 665 fig. 5 and 2002: 741 fig. 49) and Basento-Cavone L01c (Nava 2002: 
739 fig. 8). The excavated “division line” in the Pantanello Necropolis (see Carter 1998a) also 
technically falls into this category, since the relevant feature (L21b) disappears in the aerial 
photographs just a few hundred meters from the site of the necropolis; a token segment 
(L21a) has been inserted at the proper location in my plans. 
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absence in many broad, essentially flat areas with a relatively low percentage of field 

fragmentation (e.g., the part of San Teodoro immediately north/northeast of the 

central fragment of Basento-Cavone L10) is therefore likely to be real. Finally, the 

presence/absence of “division lines” may have a relation to the local topography and 

ancient agriculture, a question addressed in subsequent sections. 

 The last two factors also suggest that the three clearly visible transverse 

features between Bradano and Basento (T01-03) are unique: no segments following 

a similar orientation are evident anywhere in the chora northwest of Pizzica. Though 

they are surely part of the system, they therefore cannot be equated to the 

longitudinal features in terms of a structuring function in the chora. 

 Clearly graphical reconstructions in which the “division lines” stretch 

continuously across the landscape, dividing it into regularly-sized plots, are largely 

fanciful, although the cause of the discontinuity has yet to be discovered. And the 

possibility remains that even more structure existed than has survived into modern 

times. 

 

D. Roads 

 

 The segments of the ancient roads clearly lack the “geometric” arrangement 

characteristic of features directed by primarily anthropic concerns (whatever they 

may have been), such as the “division lines.” Their irregular and meandering courses 

demonstrate an underlying concession to topography rather than an attempt to 

override it (see also the discussion of topographic observations, on pp. 142-143 

below), since the visible segments connected features or areas across terrain that is 

generally elevated and sloping. 

 R1 served two functions: (1) it connected the main urban necropolis in the 

Crucinia locality and the Temple of Hera at Tavole Palatine in the immediate vicinity 

of the asty83, and (2) it gave the asty access to the broader Ionian coastal plain to the 

northeast, across the Bradano, and (along with R2) to the southwest, across the 

                                            
83 Adamesteanu (1973: 53) observed that a 1km-long stretch of this segment was lined with 
tombs dating from the 6th century BC to the 2nd century AD. 
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Basento. R3 continued up the Basento valley to the west/northwest, into the 

mountainous interior of ancient Lucania and beyond the Apennines, to the 

Tyrrhenian coast; it doubtless skirted the bottom of the marine and alluvial terraces in 

the valley, as does the modern SS407 highway to Potenza. It was therefore probably 

an important exchange route which linked the indigenous centers of the interior (and 

possibly the Etruscan and Italiote cities of the Tyrrhenian coast) with Metapontion.84  

 R3 lay immediately below the monumental sanctuary at San Biagio and 

therefore served, at the local scale, to connect that sanctuary (as well as the lower 

Basento valley) to the Pizzica terrace (via R5) and the coastal plain (via R4), where 

the urban necropoleis and Temple of Hera (Tavole Palatine) stood. Both R4 and R5 

presumably fed into a road skirting the right (south) bank of the Bradano which led 

into the mountainous zone around modern Matera and gave the colony access to 

both indigenous communities and the Adriatic seaboard.85

 R6 is poorly preserved, but its associations are nevertheless clear. After 

traversing ca. 700m of land outside the Settembrini (or Western) Gate of 

Metapontion in an essentially straight line (i.e., it follows the orientation of the urban 

and rural longitudinal features, although it does not quite fall along the line of the 

nearest longitudinal feature, L13 – see Figure 3.6), it curves gently to the north in 

order to feed into R1, the coastal road. (The missing northern intersection of R1 and 

R6 likely lies beneath the modern SS175 highway and/or the modern canal that 

abuts it to the east.) The R1-R6 road was evidently a “sacred way” which allowed the 

urban residents to reach the extramural sanctuary at Tavole Palatine and cross the 

Bradano.86

 The asty and the Basento valley must also have been linked in antiquity. It is 

tempting to imagine a road parallel to R6 which exited from a gate further to the 

southwest, at the northwestern end of Plateia K (the longest plateia in Figure 3.6), 

intersected R1, and probably hugged the base of the lowest terraces to merge with 

                                            
84 On this artery see Schmiedt and Chevallier (1959) 1006; Buck (1975) 98-102; Mertens 
(1980) 37. 
85 No traces of such a road are visible in the aerial photographs. One may presume either 
that the modern SS175 highway connecting Metaponto and Matera has usurped its lower 
extent, or that it has been obscured by alluvial accumulation (see pp. 157-160). 
86 See also Mertens (1999) 249. 
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R3 when the latter entered the Basento valley ca. 4.5km to the west. No credible 

feature is apparent in the aerial photographs. 

 

 It is important to note, finally, that the visible fragments of roads are 

frequently intersected by “division line” segments, on both sides of the Basento (see 

Figure 3.6).87 This phenomenon is interesting in that the Greek surveyor-planners 

allowed both the anthropically-directed and the topographically-directed features to 

intermingle in the territory, rather than compartmentalize the two classes. 

 

E. Conclusions about structure 

 

 The generally coherent arrangement of the longitudinal features (i.e., the 

obvious attempt at parallelism) indicates that the anthropically-directed portion of the 

Metapontine landscape organization was probably conceived (and even executed) 

as a unified project. The evidence of the aerial photographs does not, however, 

support the common assumption that the entire chora of Metapontion was 

crisscrossed by a continuous network of geometrically arranged “division line” 

ditches dividing the territory into regularly sized units (as Uggeri reconstructed it – 

see Figure 1.5). The longitudinal “division lines” appear to have been created in 

disconnected segments across the chora. Nevertheless, the alignment of the 

segments composing almost any given “line” suggests that the surveyors at least 

sighted and plotted the full extent of every longitudinal “line”; these conceptual linear 

entities were subsequently given physical form in a variety of ways, some of which 

have left durable traces (as the “division line” ditches), others not (e.g., cleared paths 

like the Herakleian antomoi). 

 A very small number of transverse features were created only in the northern 

Pizzica locality. The angle of intersection between these transverse features (T01-

03) and the longitudinal features therefore has no particular significance for the 

landscape organization as a whole. The orientation of the transverse features 
                                            
87 Schmiedt and Chevallier (1959: 997) first observed this phenomenon. One of these 
intersections has been excavated – the “crossroads” at Pantanello, where L21a crosses R3 
(Carter 1998a). See Figures 1.8-9. 
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appears in fact to be a function of the prevailing orientation of the landscape in that 

area, much as Folk has concluded (see pp. 66-67) and as will be demonstrated in 

the following section. 

 The remarkable straightness of the “division lines” suggests that a sighting 

instrument – a dioptra or a groma – was employed in the initial survey. The absence 

of a full set of transverse features, as well as the non-orthogonal orientation of the 

few visible ones, at first sight argues against the use of a groma at Metapontion. But  

then one must ask how so many lines, separated by hundreds of Greek feet and 

extending as far as ca. 10km from the coastal plain, could have been sighted with 

such narrow ranges of variation in orientation, only 4 degrees (Bradano-Basento) 

and 7 degrees (Basento-Cavone). A dioptra alone would probably not have been 

sufficient for this relatively high level of precision, since it was not equipped with any 

means for determining parallelism. The groma is a possible solution to the problem: if 

a guideline more or less parallel to the coast was marked on the ground in each half 

of the territory, the Metapontine surveyors could have sighted each longitudinal line 

as a perpendicular to the guidelines. The Metapontine situation therefore suggests 

that the groma may have existed in the 6th century. 

 

7. Topographic observations 

 

As mentioned on p. 4, all prior studies of the Metapontine landscape 

organization have proceeded under the assumption that the territory is devoid of 

relief, so that the local topography had no influence on the condition or function of 

the various features created in the territory. Consequently the geometric aspect of 

landscape organization became the principle focus of inquiry. The Metapontino is a 

land of contrasts, however: high, sloping terraces of marine origin loom over 

essentially flat river valleys and a flat coastal plain. An investigation of the 

relationship(s) between the topography of the Metapontino and the features of the 

colonial landscape organization, both anthropically-directed and topographically-

directed, reveals that topography could not have played a passive role in the history 

of the landscape. 

 139



The anthropically-directed component of the Metapontine landscape 

organization consists almost exclusively of the longitudinal “division line” segments. 

A glance at Figure 3.6 shows that their most prominent characteristic is a downward 

slope from northwest to southeast which follows exactly the natural decline in 

elevation from the middle marine terraces, at the level of the modern settlements at 

Marconia and Bernalda, down to the edge of the coastal plain and the orientation of 

the subsurface geology (see pp. 66-67). The mean declination (difference in 

elevation) is ca. 12m per kilometer (1-2°) between Bradano and Basento88 and ca. 

14m per kilometer (1-2°) between Basento and Cavone.89 This slope is readily 

perceptible to an observer standing almost anywhere in the Metapontino (Figure 

3.14a), but it is virtually invisible to the naked eye in a GIS equipped with a three-

dimensional viewer. Slight exaggeration of the vertical scale in the viewer, however, 

displays the general downward slope clearly (Figure 3.14b). The slope is also readily 

apparent in a section through the ASTER DEM of the Metapontino, taken along the 

total length of Bradano-Basento L15 (Figure 3.15). 

There are no linear features visible in any of the river and major stream 

valleys, a result contrary to Guy’s assessment.90 This absence is probably only 

apparent: numerous isolated farmhouses and necropoleis have been located in the 

river valleys and in the Venella valley91; furthermore, the Herakleia Tablets describe 

an organized valley landscape replete with roads, paths, and ditches. These and 

other typical features of an organized landscape doubtless existed also in the 

Bradano, Basento, and Cavone valleys, but they have been buried over the centuries 

by meters of accumulated alluvial fill and are therefore no longer visible from the air 

or on the ground.92 Whether or not the same longitudinal and transverse orientations 

were maintained by the hypothetical features of the river valleys is impossible to 

determine. 
                                            
88 As measured along L15: 128masl at the western end of L15f, 8masl at the eastern end of 
L15a. 
89 As measured along L11: 109masl at the western end of L11d, 6masl at the eastern end of 
L11a. The coincidence of the overall slope of the territory and orientation of the longitudinal 
features was first noted by Schmiedt and Chevallier (1959: 999). 
90 Guy (1995). 
91 See, e.g., Carter and Prieto (forthcoming); Nava (2003a) 668; Abbott (1997) 285-287. 
92 See Abbott (1997) for the geomorphological analysis, as well as pp. 157-160. 
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 More importantly, there is arguably a relationship between the longitudinal 

“division lines” and the natural water-courses that crisscross the marine terraces, 

although it is difficult to describe. At first glance it appears that the “lines” generally 

occupy spaces in which streams are absent (Figures 3.2-3). Closer inspection, 

however, reveals that the lower (southeastern) ends of many “division line” segments 

intersect streams/gullies (e.g., Basento-Cavone L18c) or come very close to doing so 

(e.g., Bradano-Basento L09d). More significantly, perhaps, many segments of 

streams/gullies share the northwest-southeast orientation of the “division lines” and 

even appear almost to serve as “division line” segments: the Travaglione stream, for 

example, coincides neatly with Bradano-Basento L13. 

 Noticing this same phenomenon five decades ago, Schmiedt and Chevallier 

proposed that the hydrography of the modern Metapontino had been shaped in large 

part by the “division lines”: many of the neatly excavated ditches were transformed 

by centuries of erosion into uncontrolled seasonal torrents which carved new paths 

down the slopes.93 In this case the “division line” ditches would have no direct 

relationship with the hydrographic situation of the ancient Metapontino, in the sense 

that the Metapontines created them without considering their ultimate influence on 

the regional hydrography. 

 The contrary case – i.e., that the longitudinal “division lines” were created in a 

landscape already dissected by fast-flowing water-courses – rests on the assumption 

that the segments were designed to interact with the regional hydrography by 

channeling water into the existing streams/gullies, probably to remove it from the 

terraces. The apparent termination of many segments upon or before intersection 

with a stream seems to bolster this case. There are several examples, however, of 

segments that intersect streams and continue beyond them (e.g., Bradano-Basento 

L19c, Basento-Cavone L13c). Therefore the first case – that the “division lines” were 

created in a relatively smooth landscape and subsequently contributed to its 

                                            
93 Schmiedt and Chevallier (1959) 1004-1006. J.T. Abbott, who carried out the 
geomorphological study of the Metapontino for ICA, believes that most of the seasonal 
streams/gullies are of relatively recent origin because the dissection of a landscape by 
gullying typically occurs over the course of a few generations, rather than centuries or 
millennia, as a result of intensive settlement (pers. comm. 2003). 
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dissection – is the more logical. The significance of this relationship will be explored 

in the next chapter. 

The transverse lines between Bradano and Basento (T01-03 and PT01-05) 

also have a clear relationship with the topography of the Pizzica terrace. The 

landscape in that area varies from essentially flat to a gentle slope down to the 

northeast (difference in elevation of ca. 7m per kilometer, < 1°94 - Figure 3.16). The 

transverse segments follow the orientation of major changes in aspect (i.e., the 

direction on the compass towards which a sloping piece of ground faces) created by 

large folds in the terraces or gullies cutting through the terraces (Figure 3.17).95 This 

last characteristic is another indication that the Metapontine surveyor-planners 

intentionally designed the “division lines” to coincide with prominent aspects of the 

topography. 

 

 The roads of the ancient territory were positioned according to primarily 

topographic concerns. The coastal road (R1-R2) runs along the lower edges of the 

first marine terraces on both sides of the Basento, where the terraces transition into 

the coastal plain proper.96 The main portion of the “Basento Road” (R3-R4) follows 

the gentlest slope along the upper edge of the first marine terrace before descending 

into the coastal plain, while segment R5 cuts across the relatively flat terrace below 

Pizzica to provide a more direct and level route to the Bradano valley. 

 The apparent termination of many “division line” segments upon intersecting 

with R1, R3, and R4 (see Figure 3.6) was probably dictated more by topography than 

by design: these roads follow the edges of the terrace slopes, beyond which point 

the ditches would have turned into undisciplined gullies. 

 

                                            
94 As measured along T03: 30masl at the southern end, 20masl at the northern end. 
95 The aspect of the Bradano-Basento area was generated from Shuttle Radar Topography 
Mission (SRTM) digital elevation data distributed by the United States Geological Survey, 
which has a spatial resolution of ca. 100m/px. I wish to thank Dr. Peter H. Dana for his help in 
obtaining and formatting the SRTM DEM data. 
96 The apparent interruption of the coastal road between R1 and R2 is probably due to the 
same geomorphological activity that has buried many sites in the river valleys (see Abbott 
1997): the portion of the road crossing the river valley does not show through the 
accumulated alluvium. 
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 The coincidence of orientation between the topography and the anthropically-

directed features (longitudinal and transverse “division lines”) could not have been an 

accident. The intentions and objectives of the Metapontines will become clear in 

Chapter 4, when a new functional interpretation of the “division lines” is proposed by 

applying the topographic and structural considerations discussed above to what is 

known of Greek agricultural practices and the Metapontine agricultural economy. 

 

 

III. The Herakleian Landscape Organization  
 

1. Description 

 

 Contrary to the situation at Metapontion, where the Archaic-Classical 

landscape organization can be reconstructed incompletely and often vaguely 

because of the fragmentary archaeological evidence, the Late Classical-early 

Hellenistic organization of the two sacred lands at Herakleia is almost fully preserved 

in the text of the Herakleia Tablets, which produce clear plans (Figures 2.6-8). 

 

2. Structural observations 

 

 An obligatory initial observation in this analysis of structural properties at 

Herakleia pertains to the scale of the organization in question. At Herakleia there is 

no evidence of a large-scale system that covered all or most of the colonial territory, 

as at Metapontion.97 The lands sacred to Dionysos and Athena are instead examples 

of “compartmentalized” organization, created strictly on the level of individual 

localities and for specific purposes. The evidence in the Tablets, though rich in detail 

when compared to the Metapontino, is limited by the relatively small size of the 

organized areas and their religious “ownership.” Much of the evidence is repetitive or 

lacks details essential for structural or topographic analysis; the absence of this 

information reflects the assumption by the Herakleian oristai  that those who read the 

                                            
97 Though several researchers have tried – so far in vain – to find one (see pp. 23-24). 
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Tablets would have been familiar with the territory. One must therefore expect to 

draw few broad conclusions from the evidence in the Tablets, but nevertheless they 

may provide important supplementary evidence to what is observable at Metapontion 

– in Chapter 2 they added definition and corroboration to the Metapontine 

archaeological documentation. 

 

 The arrangements of the roads, antomoi, and paths in the sacred lands 

reveal a civic concern that all plots be accessible by at least one public thoroughfare. 

All of the Dionysian plots could be accessed from all four sides, and they were 

furthermore traversed by two important thoroughfares (the “Herakleia Road” and the 

wagon-road). In the lands sacred to Athena, most plots were accessible from a 

single thoroughfare along one side, occasionally from two. 

 The situation in the chora of Metapontion as a whole was probably quite 

similar. Most fields, no matter who worked or managed them (i.e., whether private or 

public), would have been accessed from narrow (8-20 Greek feet) paths – some 

created by the civic authority, some by private initiative – connected to the main 

thoroughfares that crossed the chora, so that the fields could be cultivated without 

disturbing neighboring properties. Since most of these paths would have been made 

of beaten earth, it is not surprising that they have been obliterated over the centuries 

and are no longer visible in the aerial photographs. 

 

 Ease of movement within the chora was also important to the Herakleians. 

The road “leading from the city and from Pandosia” (I.64-65) ran parallel to the strike 

of the Akiris River and therefore probably continued even further up the valley, 

linking Herakleia and Pandosia to settlements further inland. This road would have 

been an important artery for the cultivators, since it would have afforded them access 

to both Herakleia and Pandosia (or, alternatively, to their fields from Herakleia or 

Pandosia). The lands sacred to Athena were connected to the civic “pulse” via a road 

leading to the city (II.25), an antomos leading to the settlement at Kainai (II.11), and 

a road leading to the sea (II.11-12). This last was important perhaps because it 
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connected the cultivators to possibilities for export. These features are the 

Herakleian equivalents to R1-R6 in the chora of Metapontion. 

 

3. Topographic observations 

 

 Because the reader’s knowledge of the local topography was assumed by the 

texts’ authors, the amount of topographic information that can be gleaned from the 

Herakleia Tablets is even more exiguous than the small amount of structural 

information described in the preceding section. 

 An important characteristic of both sacred properties is that the organized 

space extended all the way to the banks of the Akiris River (see, e.g., I.17 and II.45-

46). The Herakleians were apparently undaunted by the risks to property, crops, and 

animals presented by the proximity of the river, which occasionally changed its 

course. The wagon-road in the lands sacred to Dionysos (I.60) also suggests that the 

Herakleians were comfortable with the Akiris, since by virtue of its position next to 

the river-bed it could have been periodically washed out and rendered impassable. 

 

 The only features of the organized landscape that have a clearly recognizable 

relation to topography are two of the many ditches described in the Tablets. The 

ditch (dioryx) near the papyrus-stand in the lands sacred to Dionysos (I.53-59), 

mentioned as located above the greater part of the organized landscape, probably 

served to carry water away from a seepage area (the existence of which is further 

suggested by the neighboring papyrus-swamp) and down into the valley, to be 

flushed out by the river. This ditch is therefore similar to feature PT01 in the Basento-

Cavone area of the Metapontino, a cobble-lined canal located at the edge of a 

terrace that has been interpreted as a channel funneling water off of the terrace and 

into the Basento valley (see p. 126 above).  

 The second ditch of interest is the irrigation-ditch (traphos) running for a short 

distance alongside the Akiris bed in the lands sacred to Athena (II.58-64). It may 

have been located there to take advantage of gravity, so that the water moved from 

northwest to southeast (i.e., from the “100-footer” towards the “Herakleia Road”) 
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following the gentle declination of the valley-floor. Yet the length of the ditch seems 

too short, according to the reconstructed plan (Figure 2.8), for effective water-

transport by gravity. The ditch was therefore probably a simple trap for water, the 

ends of which were sealed once it was filled by the river in order to preserve a small 

supply of water for irrigation (of the vineyards?) by hand. 

 

 Study of the plans of the sacred lands in the chora of Herakleia has revealed 

that there, as in the chora of Metapontion, the orientation of the organized landscape 

followed the prevailing orientation of the topography. In the case of Herakleia, the 

sacred lands and their adjoining features were oriented parallel and perpendicular to 

the Akiris River and its south (right) bank. At Metapontion the longitudinal and 

transverse “division lines” were oriented parallel to the rivers (i.e., to lines bisecting 

the land masses between them), the declination of the marine terraces, and large 

cuts through the terraces. This alignment of rural infrastructures to topographic cues 

is also found in the urban plans of the various colonies: the orientation of the 

stenopoi in the asty of Metapontion, for example, clearly was chosen to follow the 

orientation of the coastline (as at Poseidonia-Paestum), while the streets of 

Herakleia were oriented parallel and perpendicular to the long axis of the hill and 

neighboring valley now occupied by Policoro. Greek surveyor-planners knew their 

landscapes well and looked to nature to suggest the framework of their designs. 

 The Herakleia Tablets also create a detailed picture of an organized colonial 

territory, which may be used with caution to help fill certain gaps in the picture of the 

Metapontino in the colonial period. There, too, individual plots were doubtless 

connected by roads and paths – perhaps preserved in the pale strips observed 

beside the “division lines” by Uggeri (see p. 67 Note 21, as well as p. 185) – which 

served further to connect the chora to urban centers and villages in the region. 

 The relationship of asty to chora, as reflected in their respective physical 

configurations, is the subject of the final part of this chapter. 
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IV. Landscape Organization in the Polis 
 

1. Models of interaction between asty and chora 

 

The plans of colonial urban centers in Sicily and southern Italy and the 

Metapontine “division lines” suggest that the colonial Greek organizational approach 

to landscapes as a whole was “geometric” – that is, space was structured via 

repetitive series of long, thin, linear features in arrangements characterized by 

varying degrees of symmetry and regularity (see pp. 58-60 and 94-95). This 

discovery has prompted topographers and historians to consider whether the spatial 

organization of colonial poleis – i.e., the relative geometric arrangements of asty and 

chora – reflected (intentionally or not) the social relationship between the two 

components. The proposed models offer a polarized choice: either asty and chora 

carried equal weight in the greater entity, or one dominated the other. 

For example, E. Lepore saw asty and chora as mutually dependent parts of a 

dynamic and reciprocal social, economic, and political relationship (the polis) that 

was propelled alternately by one or the other throughout Greek history, but in his 

mind that reciprocity did not require explicit advertisement in the coincident 

spatial/geometric alignment of the major urban and rural axes. According to Lepore 

Archaic Greek society was neither rigidly structured, geometrically or otherwise, nor 

anarchic; the reality lay somewhere between “deterministic hierarchies” and 

“structuralistic indifference,” so that attempts to find a unified guiding geometric 

principle in Greek urban and landscape organization were, for him, misguided.98  

G. Vallet, in contrast, proposed an initial, simultaneous spatial definition and 

organization of both asty and chora using the evidence of the Classical Greek 

“utopian” writings of the 4th century BC (principally Aristotle, Pol. VII.IX.7-8/1330a14-

25), which advised the founders of new city-states to give each colonist a plot in the 

asty for the construction of a house and another in the chora for his family’s 

                                            
98 Lepore (1968) 39-40 and (1973) 45-47. 
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agricultural self-sufficiency.99 The “utopian” recommendations therefore appear to 

support Lepore’s conclusion that asty and chora carried equal weight in the polis. 

A. Wasowicz, citing Plato’s and Aristotle’s views that agricultural development 

preceded urbanization, instead saw the relationship of chora and asty within the polis 

as unidirectional: the priority of agricultural production and export in most of the 

Western Greek colonies required novel forms of juridical, social, and technical 

organization, which were reflected in the geometric organization of rural 

landscapes.100 The creation of urban organization schemes followed, gradually 

achieving independence from rural landscape organization. By the time of 

Hippodamus, she thought, the structure of urban centers was directed by strictly 

urban concerns.101

Others have proposed an uneven asty-chora relationship in the opposite 

direction. According to F. Ghinatti the asty displayed “acquisitive and hegemonic 

tendencies” towards the chora and thus steered the development of the polis 

(although he conceded that the chora could occasionally resist this dominance and 

even influence the condition of the asty).102 M. Corsaro has applied E. Sereni’s 

theory of Italic social development to Magna Graecia, arguing that in the Italiote 

colonies the urban center “gave form to, and in some manner ‘structured,’ the 

surrounding environment and landscape.”103

 

Archaeology has provided valuable concrete data for the debate. Excavations 

at the Phocaean colony at Emporion (modern Ampurias, in northeastern Spain) and 

examination of aerial photographs over its territory have demonstrated that exactly 

the same base units of area and length were employed in the organization of both 
                                            
99 Vallet (1968) 74-75. 
100 This concept was, in her opinion, foreign to the Greeks of the motherland probably 
because of the lengthy history of continuous habitation in Greece and the relatively minor role 
of agriculture in prominent commercial cities such as Athens, Corinth, and Megara. 
 In the case of Athens and Attica, at least, archaeological and historical research in 
recent years has decisively demonstrated the central role of agriculture in Archaic Greece, 
contra Wasowicz: see, e.g., Hanson (1999a), Foxhall (1992), and Osborne (1987).  
101 Wasowicz (1968) 199-201. On Hippodamus see section 1.VI, p. 45. On urban and rural 
landscape organization, see Boyd and Jameson (1981). 
102 Ghinatti (1982) 58-60. 
103 Corsaro (2003) 138-139.  
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asty and chora. Since the asty appears to the Catalan archaeologists to be the oldest 

Greek structure in the area, they have concluded that the rural organization was a 

direct extension of the urban organization – physical proof of “la soumission de 

l’espace rural vers la ville qui détient la direction du territoire.”104  

Metapontion can serve as another excellent test-case because the structures 

of both asty and chora are well-documented, and the chronology of their 

development has been elucidated through numerous excavations. What is likely to 

be the most satisfactory solution to the urban-rural question at Metapontion (see p. 

152 below), however, departs from the terms of the debate as explained in the 

preceding paragraphs; this solution, hiding in plain sight, doubtless applies in many 

other cases as well (perhaps even Emporion). The epigraphic evidence pertaining to 

the chora of Herakleia unfortunately cannot be introduced because, without the exact 

location of the sacred lands in the Akiris valley, there is no topographic and spatial 

link to the urban plan. 

 

2. Chronology of urban and rural landscape organization at Metapontion 

 

 The alignment of the urban plateiai and the rural “division lines” between 

Bradano and Basento at Metapontion is so close as to appear deliberate (see pp. 74-

75). It suggests some sort of abstract relationship (social, economic, political) 

between the two parts of the polis and may be a sign that essentially no distinction 

was drawn between the landscape of the chora and that of the asty.105 What 

information does the relative chronology of the asty and chora add to the 

interpretation? 

                                            
104 Plana-Mallart (1999) 210. On the geometric relationship of asty and chora see also Boyd 
and Jameson (1981), the first attempt at a synthetic treatment of urban and rural Greek 
landscape organization, drawing on much of the evidence available at the time. It addresses 
a number of fundamental issues and raises many important questions, but its utility is limited 
because it lacks focus and does not explore any aspect in sufficient depth, so that it reaches 
no conclusions. 
105 Since most or all of the roads in the ancient Metapontino existed before the urban and 
rural structures were created, they can be safely discounted as having no influence on the 
geometry of the urban-rural relationship. 

 149



 Excavations in the asty have demonstrated that the definitive arrangement of 

the urban grid accompanied the monumental building program in the Sanctuary in 

the second quarter of the 6th century.106 In the chora, the earliest rural burials lining 

“division lines” date ca. 480 BC107, but there is evidence suggesting that the 

orientation of the rural organization could have been even older: the stone in the 

Pizzica quarry was possibly used in urban construction projects of the first half of the 

6th century108, so that the cart-ruts – which follow the orientation of the “division lines” 

– probably date ca. 600-550. In the S. Fara locality, near the sanctuary of Artemis at 

San Biagio, tombs dating ca. 560 were found to be aligned with the orientation of the 

“division lines.”109 In other words, the orientations of the urban and rural 

organizations, though differing slightly (53-54° and 50° average, respectively110), 

appear to be essentially contemporaneous. 

 

 The regularized, “geometric” organization of asty and chora at Metapontion 

leaves no doubt that the Greeks possessed somewhat sophisticated surveying 

knowledge and techniques (and presumably instruments as well) before the arrival of 

Pythagoras in Magna Graecia ca. 530. The ghost of Pythagoras and Greek 

theoretical mathematics have for too long influenced the debate on landscape 

organization. They should be replaced by recognition of a much older, practical 

discipline employed to achieve concrete results (see pp. 96-111).111

 

 

                                            
106 De Siena (1999) 236; Mertens (1999) 258-259. 
107 Carter/Thompson/Trelogan (2004) 135; Carter (1998a) 45. 
108 Carter/Thompson/Trelogan (2004) 132-133, 135-136. 
109 Adamesteanu (1973) 53. 
110 Carter/Thompson/Trelogan (2004) 133. The difference is probably due to easier sighting 
on the essentially flat coastal plain and more difficult sighting on the marine terraces behind 
it. 
111 Wasowicz (1992: 21-22), for example, has associated the maturity of orthogonal planning 
in Magna Graecia and the use of sophisticated geometry in architecture with the arrival of 
Pythagoras and, nearly contemporaneously, the rise of a class of highly skilled surveyors 
who plied their trade from city to city. Though the detailed archaeological evidence from 
Metapontion was not available at the time, her conclusion ran contrary to the chronology of 
Temples A and B published by Mertens (1985), both of which were aligned with the main 
Plateia A and the general urban grid. 
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3. Asty and chora at Metapontion 

 

 The chronological and geometric coincidence of organization in asty and  

chora at Metapontion is suggestive, but it does not tell the whole story of the urban-

rural relationship. In the first quarter of the 6th century the asty appears to have been 

designed to follow a different, original orientation, to which the first structure in the 

urban sanctuary, the shrine to Athena known as “Oikos C,” was aligned. This so-

called “sacred” orientation was suddenly abandoned early in the second quarter in 

favor of the new orientation represented in Temples A and B and Plateia A, which 

was offset by ca. 10°.112 The change of orientation was apparently decided rather 

suddenly: the construction of Temple A, originally designed (according to the 

preserved foundation trenches) to follow the “sacred” orientation, was interrupted 

early on so that the temple could be oriented to follow the new alignment. If the 

“division lines” are aligned with the second orientation, then the organization of the 

chora appears to have accompanied the re-organization of the asty. 

 The second quarter of the 6th century therefore arguably marks a 

fundamental change in the structure of the polis at Metapontion. The results of the 

ICA field survey show that the occupation of the chora between Bradano and 

Basento began in earnest in the first half of the 6th century113, one or two generations 

after the foundation of the colony. The simultaneous organization of the chora and 

re-organization of the asty likely reflect this first major stage in the growth and 

development of the rural agricultural economy. The chora, which had probably been 

left largely untouched, was integrated into the civic fabric once the colony had 

reached a certain level of prosperity (expressed in the massive and expensive 

Temples A and B and other structures). The resources of the chora had to be 

connected effectively to the urban center to ensure its support, while the urban 

center in turn helped support the chora by providing an outlet for its products through 

trade. The several roads that already existed in the prehistoric Metapontino were 

                                            
112 Mertens (1999) 251-252, 257-258. The abandonment of the “sacred” orientation was not 
permanent: in the early 5th century the Metapontines would build Temple D for Artemis on 
nearly the same axis as Oikos C (Mertens 1999: 270-272). 
113 For the survey results and interpretation see also Carter and Prieto (forthcoming). 
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ready-made conduits for trade and contact with other settlements and peoples in 

Italy; the “geometric” plan for the chora was simply imposed over and around them. 

 Is there any indication in the choice of orientation that one of the models 

mentioned at the beginning of this section was operative at Metapontion, i.e., did 

either asty or chora carry more weight within the polis structure, or were they equals? 

One could argue both sides of the “unequal weights” model: the chora, being many 

times larger than the asty, imposed its axis on the asty, or the re-organization of the 

asty gave the planners the inspiration for the organization of the chora. One could 

also argue that the two parts exerted equal weight given their shared alignment. But 

a glance at Figure 3.6, which shows the Bradano-Basento area in its entirety, 

indicates a more likely alternative model: the orientation of the polis as a whole was 

likely suggested to the Metapontine planners by the orientation of the landscape. The 

longitudinal “division lines” and urban plateiai are essentially parallel to the lowest 

courses of the rivers, and the urban stenopoi are essentially parallel to the ancient 

coastline. It therefore appears that, at a critical phase of their colony’s development, 

the Metapontines decided to organize the entire landscape, urban and rural, to follow 

a single spatial conception that was suggested by the topography. In this model one 

can perhaps detect the influence of both asty and chora, although not necessarily 

equally distributed: the decisions were probably made by the civic authority in the 

asty, while the form was in a sense dictated by the chora. 

 

 Of course, one would like to know the model(s) followed by the other Italiote 

colonies in organizing asty and chora. It is difficult to believe that Metapontion, for 

which fortunately there is exceptional evidence, was in fact unique in its 

development. Although the evidence for the other colonies is unfortunately still 

lacking, it is likely that were many variations of the various models examined in this 

section. 
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Chapter 4 
 
 
 
 In the preceding two chapters I have alluded to the influence of the physical 

environment, especially geology and topography, on the organization of the 

landscape at Metapontion and Herakleia, but concentrated primarily on the anthropic 

characteristics of the organized territories. The current chapter describes the 

geomorphology – the interaction of geology, topography, and climate – of the central 

Ionian coast of Italy, which results in an uneven distribution of water across the 

landscape. The agricultural and pastoral activities of the Greek colonies are then 

examined, and their dependence on a stable and abundant supply of water is 

established. Finally, the argument is made that the interaction of human activities 

and environmental processes in antiquity provides the most satisfactory explanation 

of the purposes of certain features of the organized colonial landscapes, including 

the Metapontine “division lines.” 

 

 

I. The Physical Environment of Metapontion and Herakleia 
 

 The Ionian coast of Basilicata, along which extended the territories of 

Metapontion and Herakleia, is a well-defined geomorphologic zone consisting of a 

coastal plain, five river valleys, a series of marine terraces extending to ca. 20km 

inland, and the steep slopes connecting the terraces to the valleys.1 The appearance 

and condition of this landscape has depended historically on the interaction between 

the land – the surface topography and the composition of the soils – and the high-

energy water-flows coursing across it that are generated by the climate. 

 

 
                                                 
1 Abbott (1997) 89-91. For a map of the major landscape units of modern Basilicata, showing 
the position of the Lucanian coastal region within the greater geologic and geomorphologic 
context, see Boenzi and Giura Longo (1994) 23 (fig. 9). A geomorphological map of the 
Metapontino is included in Abbott (forthcoming). 
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1. Water 

 

 All water in the area ultimately originates in the rains that fall sporadically 

between October and April, and with occasionally violent intensity between 

November and March.2 The Apennine slopes to the west act as a barrier to the 

moisture-laden clouds that drift northward from Africa; when these bump up against 

the slopes and cool down, they dump their moisture cargo as rain.3 Over the 

millennia the rains have carved five major paths from the Apennines to the Ionian 

shore: (in order from north to south) the Bradano, Basento, Cavone, Agri, and Sinni 

Rivers. The beds and valleys of these rivers are generally deep and narrow as they 

descend the steep mountain slopes, and they become relatively broad and shallow 

upon entering the hilly zone immediately northwest of the marine terraces, until they 

merge almost imperceptibly with the nearly flat coastal plain.4 Most of the rivers 

reach an often dramatic flood-peak in winter/spring, overtopping their banks and 

filling the floodplains with water, and then slow to a trickle, or dry up altogether, by 

high summer.5

 The water feeding the rivers does not collect exclusively in the mountains. 

Rain falls all across southeastern Basilicata. The hills and marine terraces between 

the river valleys are dissected by dozens of erosional streams and gullies which 

funnel water into the rivers (see also pp. 157-158 below). The surface of the 

terraces, furthermore, is composed of a “cap” of loose gravel and sands, which are 

characterized by high permeability and porosity; rainwater percolates through this 

layer and then encounters an impermeable barrier of blue-gray marine clays, which 

forces the water to travel laterally so that it can escape only through the steeply-

sloped valley walls overlooking the river floodplains, as springs and seeps.6  

                                                 
2 Kayser (1961) 28. 
3 Conacher et al. (1998) 180; Sorriso-Valvo (1998) 43. 
4 Abbott (1997) 91-93. 
5 Boenzi and Giura Longo (1994) 21; Kayser (1961) 13. According to the 19th-century local 
landowner and amateur archaeologist-historian M. Lacava (1891: 11, 37), the Bradano was, 
in his day, the most violent of the five rivers when in flood, and the Agri was the only truly 
perennial and non-inundating river, a feature that he attributed to its comparatively steady 
year-round supply of water from springs, rain, and snowmelt. 
6 Abbott (1997) 101-105, 199-202; Folk (1982) 7, 19, 24. 
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 The effects of a heavy winter/spring rain can be prodigious. At Moliterno, a 

small city overlooking the Agri River valley south of Potenza, for example, several 

torrential rainfall events in the spring of 1935 dumped as much as 100mm of water 

(out of an average annual total of 1070mm) on the town – and ultimately into the Agri 

– in as little as 12 hours.7 A torrential downpour over Pisticci, a hilltop town at the 

western edge of the Metapontino, on November 24, 1959 poured 315mm of water 

into the Basento valley in just 24 hours.8 The latest massive downpour, which 

occurred over the weekend of November 13-14, 2004, left approximately 1m of 

standing water all along the coastal plain. 

 

Once a sufficiently large quantity of water has fallen in the region and been 

concentrated in the river systems, several factors work together to trap it on the 

surface in the low-lying areas at the ends of the river valleys, including (1) the fine, 

impermeable alluvial sediments deposited in those areas by inundation (see p. 159 

below); (2) the extremely low elevation and gradient of the entire littoral zone, which 

decelerates water-flow; (3) high winds, which manage to actually push the sea in 

waves against the shore, preventing the river-waters from exiting the plain; and (4) 

the low, wave-created sand dunes that line the beach (Figure 4.1).9 The result is a 

generally high water table in the lower valleys and the coastal plain, which stands ca. 

1.5-3m below the surface10 and rises even higher in relatively wet winters/springs 

and mild summers. 

Evidence of a rising water table in antiquity (approximately late 6th-3rd 

centuries BC) provided by archaeological investigations at Metapontion suggests 

that the problem has a long history in the area and caused serious concern even for 

the Greek colonists. In the asty massive stone-lined drainage ditches were 

constructed in the 4th century to channel large quantities of water out of the urban 

area and into the Bradano11 At the Pantanello Sanctuary the late 6th-/early 5th-century 

                                                 
7 Kayser (1961) 16; Delano Smith (1979) 280. 
8 Rendell (1986) 190-191. 
9 Lacava (1891) 11, 95; Schmiedt and Chevallier (1959) 995; Kayser (1961) 27; Boenzi and 
Giura Longo (1994) 188-190; Abbott (1997) 91, 95-98. 
10 Boenzi et al. (1988) 1637. 
11 Boenzi et al. (1988). 
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cult building was rebuilt in the middle of the 5th century, in identical form, slightly 

higher on the adjoining terrace slope at the edge of the Basento valley, probably to 

escape chronic flooding or marshiness.12 The burials of a necropolis near the ancient 

mouth of the Basento moved to progressively higher ground between the 5th and 4th 

centuries, marking the gradual encroachment of the water table.13

 

Another important result of the interaction of these factors is the formation of 

marshes along the coast.14 The rivers, too, leave numerous seasonal marshes and 

stagnant pools of varying size in their lower valleys during the winter and spring. 

Stagnant, marshy bodies of water often occupy otherwise cultivable land and create 

the conditions favorable for malaria that characterized the littoral zone of the 

Metapontino from antiquity15 through the 20th century16, until the Anopheles mosquito 

was eradicated by DDT during the bonifica (land reclamation) of the 1930s-1940s. In 

the modern Metapontino the most durable marshes and stagnant pools have been 

given proper names, indicative of their permanence or seasonal recurrence: 

Lago(ne) di S. Pelagina (“Lake of S. Pelagina,” a [now drained] shallow coastal 

lagoon between Bradano and Basento17), Fosso dell’Acquafetente (“Fetid Water 

Canal”). The regional toponymy abounds in words associated with stagnant water: 

lago/lagone/lagarone (“lake,” “big lake”), pantano/pantanello (“swamp,” “little 

swamp”), lama (a type of shallow, marshy depression of unclear lexical derivation).18

 

                                                 
12 Carter (1994) 184-189. 
13 The excavations were conducted by A. De Siena, reported in Nava (2003a) 667-668. 
14 Abbott (1997) 97. 
15 Henneberg and Henneberg (1998) 527-528. 
16 Lacava (1891) 36; Lenormant (1881) 1.156; Hutton (1924) 208-209. See also Boenzi 
and Giura Longo (1994) 188. 
17 F. Lenormant (1881: 1.158) believed this to be the port of Metapontion, excavated by the 
Greek colonists to protect vessels from the fierce winds along the exposed Ionian coast. 
Lenormant claimed to have observed the remains of docks at the bottom of the shallow 
lagoon. Recent excavations have confirmed the existence of port facilities in the area, but 
these date firmly to the Roman and Late Antique periods – see Giardino (1983); also De 
Siena and Giardino (1994) 209. 
18 Schmiedt and Chevallier (1959) 995; Lacava (1891) 12, 95; Boenzi and Giura Longo 
(1994) 190. 
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2. Erosion19

 
The hydrography of Basilicata – the complex of rivers, streams, and marshes 

generated by rain – is a powerful influence on the landscape in itself, but it has an 

even greater effect when it interacts with the regional geology. For approximately 

one million years Basilicata has been subjected to massive natural erosion and 

alluviation (deposition of eroded sediments carried by water) along the river valleys, 

with greatest impact on the lower valleys and the coastal plain. The factors 

responsible for these processes begin in the mountainous interior. The slopes 

provide an abundance of sedimentary flysch consisting of poorly consolidated stones 

such as scists, marls, sandstones, and conglomerates, which compress, buckle, and 

fragment due to continuous tectonic uplift. The material that falls away from the 

slopes, ranging in size from boulders to particles, enters the river systems and 

travels downstream with the water-flow. Stones, gravel, and other large sediments 

are deposited in the upper river beds, while the smaller and finer materials are 

carried down into the middle and lower valleys (see p. 159 below). The severity of 

erosion in the mountains is augmented by the continual tectonic uplift of the region, 

at rates of up to 1m per year, which increases the strain on the thin soils and stone, 

as well as the velocity of the rivers. More sediments and greater flow velocity in turn 

allow the rivers to carry larger potential sediment loads. 

Even more material enters the rivers as they pass through their middle and 

lower valleys. The terraces and hills above the valleys are marine in origin, formed 

as the sea retreated to the southeast across the large depression bounded today by 

the Bradano and Sinni Rivers (the “Bradano Trough”). As the sea retreated in stages, 

it deposited large amounts of blue-gray clay sediments (“argille azzurre”) on the 

current sea-floor; each phase of retreat was also marked by the creation of beaches, 

so that the clay deposits were covered with a mantle of gravel and sand, and a line 

of dunes was left. The geological structure of the marine terraces enables two 
                                                 
19 The following discussion is a distillation of fragmentary information provided by several 
sources: Brückner (1982) 122-131; Bianco (1985) 10; Folk (1982); Neboit (1983) 49, 53-55, 
84-86, 89-90; Abbott (1997) 101-109, 198-202, 206; Kayser (1961) 24, 28, 40, 88-89, 92-101; 
Boenzi and Giura Longo (1994) 13-21; Rendell (1986) 184-185, 190; (1982) 145-146; 
Cotecchia and Melidoro (1974). 
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important water-driven erosive processes which increase the sediment loads of the 

rivers: 

1. Although the sand and gravel “cap” of the marine terraces is highly 

permeable and absorbent, it is relatively thin. If the protective cover of 

vegetation (shrubs, trees, even cultivated plants) is removed, torrential rainfall 

events frequently result in the formation of small runoff flows that carve 

channels through the cap. With the right combination of strong gradient and 

poor soil consolidation, these rills erode wide paths and become gullies or 

even seasonal streams. The gullies follow the general northwest-southeast 

slope of the landscape until they encounter the relic beach-lines (gi[o]voni in 

the local dialect20) left by the sea’s retreat, at which points they are deviated 

to the north or south and cut paths to the rivers.21 The gullies and streams 

transport large quantities of sand, gravel, and clay to the river systems. 

2. The rainwater that does not form gullies filters through the sand and gravel 

cap and then encounters the impermeable clay layer. Unable to continue its 

descent, it travels laterally towards the river valleys, exiting as springs and 

seeps at the terrace-edges/valley walls. This seepage destabilizes the 

terrace-edges and provokes landslides and slumps (Italian frane) of moderate 

to high severity. With the frequent regional tectonic activity, several square 

kilometers of surface area can become colluvium (slumped sediments) in 

minutes or hours.22  

These two processes, acting in concert, have removed all of the sand and gravel 

cap, as well as the edges, of the higher marine terraces northwest of the colonial 

territories. The area is now a desert-like “badlands” of exposed clay slopes and 

gullies (Italian calanchi). 

                                                 
20 Lacava (1891) 13. 
21 The network of gullies/streams on the marine terraces today is a product of post-antique 
erosion, as discussed on p. 141, although Abbott (1997: 243-244; 1998: 500-501) has found 
evidence that erosion produced similar, dendritic hydrographic patterns in the area long 
before the colonial period. 
22 Over 100 landslides and slumps have been documented in Basilicata just since World War 
II, many of which were provoked by a severe (6.5 Richter) earthquake in November 1980. 
Landslides in the badlands bordering the Metapontino to the west have ripped away entire 
sections of hilltop towns such as Pisticci (1688) and Craco (1959-1972). 
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The rivers acquire even more sediments and gravels as they flow towards the 

sea by eroding their clay banks and valley floors. The Cavone, for example, has cut 

vertically through approximately 400m of marine deposition from the level of the town 

of Pisticci in approximately the last half a million years, averaging at least 61cm of 

erosion per thousand years. The Basento valley’s rate of erosion has varied from as 

little as 31cm to as much as 58cm per thousand years during the Pleistocene.23

 

At the ends of the valleys, finally, the reduced gradient causes the rivers to 

overflow and deposit the loads of fine alluvial sediments (mostly sands and clays) 

that they have accumulated all along their courses. The deposits extend the coastal 

plain at the expense of the seashore, while the fineness of the particles reduces the 

permeability of the soils in the valleys and plain, contributing to the problems of poor 

drainage and high water table discussed above. 

 

The geomorphologic instability of the region over the last half-million years 

has not been constant, however. The regional environment is generally stable; 

instability works in a cyclical pattern, with periods of more and less intense 

environmental change linked to changes in climate, tectonic activity, and even land 

use (see p. 160 and pp. 179-180 below). Under strong conditions of erosion on the 

mountain slopes the rivers aggrade (i.e., build up their beds) with the deposition of 

the heavier sediments and gravel. Annual inundations deposit eroded material on the 

valley floors, increasing the heights of the floors alongside the river beds themselves. 

When erosion ceases, the material that replenishes the beds and valley floors is no 

longer available, and flow velocity increases. Consequently the unencumbered and 

faster waters eat away their beds, banks, and the surrounding valley floors. As the 

rivers cut deeper beds, the old valley floors are left behind as alluvial terraces. The 

next erosion cycle builds new floodplains, perhaps eventually even higher than the 

previous ones, covering some or all of the older terraces. Then erosion ceases 

again, and so on. 

                                                 
23 Compare contemporary measurements from all five rivers of 83-164cm per thousand 
years. 
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The enormity of the erosion/alluviation problem in Basilicata is perhaps best 

illustrated by comparison with rivers in other regions. The sediment load of the 

Bradano was estimated to have been 1159 tons/km2/year before the construction of 

the large sediment-trapping dam and reservoir at San Giuliano in the middle Bradano 

valley. The Sinni carries 2548 tons/km2/year. By contrast, the Tiber in Lazio carries 

377 tons/km2/year, the Arno in Tuscany only 250 tons/km2/year.24 The meaning of 

these abstruse figures becomes clear in the aftermath of torrential rainfall events: in 

the intense downpour of November 24, 1959, the largest recorded for the area, the 

Bradano deposited 1m of sediment on the site of the asty of Metapontion. This event 

postdated the construction of the San Giuliano dam. 

The same cyclical processes were active also in antiquity, and by extension 

the climate of the Ionian coast in antiquity was largely similar to the modern climate, 

as Abbott’s geomorphological study of the Metapontino has documented. A large 

Classical farmhouse in the Cavone valley was destroyed at least once by flooding 

and rebuilt, only to be abandoned after another catastrophic alluvial event. In the 

Bradano valley the foundations of Greek and Roman residences were observed in 

an exposed cut of an old valley floor (alluvial terrace) 2-4m below the modern 

surface; they bear witness to the enormous quantities of eroded sediments carried 

by the rivers.25

 

Once begun, erosion along the Ionian coast is difficult to stop. The Apennines 

continue to rise and shed stone, while the highly erosive clays beneath the sand and 

gravel cap of the marine terraces are generally several hundred meters deep, 

guaranteeing centuries of erosion once exposed.26 The Metapontine and Herakleian 

farmers, like the Italian farmers who work the land today, doubtless recognized the 

problem, but they did not attempt to check the flow of sediments at the source. 

Terracing, a popular form of soil conservation in other parts of the Greek world,27 

was impracticable between the Bradano and Sinni partly because sufficient 

                                                 
24 Rendell (1986) 187. 
25 Abbott (1997) 155, 282-287, 296-302. 
26 Abbott (1997) 194, 200. 
27 Hanson (1999b) 11. 
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quantities of suitable stone were not readily available. The abundant river cobbles 

used in the construction of house-foundations and other structures were too small to 

make effective walls. The nearest sandstone quarries lay several kilometers up the 

river valleys, while the local conglomerate (puddgina) could be reached only by 

excavation, and transport was costly. 

There was, more importantly, no real incentive to make terraces. The clays of 

the marine terraces are almost as fertile as the capping layer and practically 

inexhaustible – ironically, the agricultural potential of the land remains essentially 

intact even as it erodes.28 Recognizing this, but probably not recognizing the link 

between erosion and the swamping of the low-lying areas (see p. 159 above), the 

Herakleians and Metapontines could continue to work even those areas of the 

marine terraces where the original soil had disappeared. 

 

 

II. Agriculture and Pastoralism at Metapontion and Herakleia 
 

1. Agriculture 

 
 As Odysseus approaches the island of the Cyclopes, his perceptions might 

mirror the thoughts of a Greek oikist as he searches a foreign coast for a suitable site 

to found his colony: 
 
οἵ κέ σφιν καὶ νῆσον ἐϋκτιμένην ἐκάμοντο. 
οὐ μὲν γάρ τι κακή γε, φέροι δέ κεν ὥρια πάντα· 
ἐν μὲν γὰρ λειμῶνες ἁλὸς πολιοῖο παρ’ ὄχθας 
ὑδρηλοὶ μαλακοί· μάλα κ’ ἄφθιτοι ἄμπελοι εἶεν· 
ἐν δ’ ἄροσις λείη· μάλα κεν βαθὺ λήϊον αἰεὶ 
εἰς ὥρας ἀμόῳεν, ἐπεὶ μάλα πῖαρ ὑπ’ οὖδας. (Od. 130-135) 
 
And they (the Cyclopes) could have made this island  

a strong settlement for them. 
For it is not a bad place at all, it could bear all crops 
In season, and there are meadow lands near the shores of the gray sea, 
Well watered and soft; there could be grapes grown there endlessly, 
And there is smooth land for plowing, men could reap a full harvest 

                                                 
28 Abbott (1997) 86, 210-211. 
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Always in season, since there is very rich subsoil.29

  
 The great attraction of the Ionian coast for the Metapontine and Herakleian 

settlers was its alternation of mountains, hills/terraces, and plains – i.e. the 

availability of varying types of land suitable for a variety of activities. The presence of 

the mountains near the coast tended to mitigate the extremes of climate enough to 

create an environment and ecology broadly similar to those with which the colonists 

were familiar in their homeland.30 The agro-pastoral regime that they imported from 

Greece was therefore perfectly well-adapted to the climate of Magna Graecia. In 

addition, there was a natural abundance of flowing water from the rivers and streams 

and the numerous springs that appeared at the contact between permeable 

sand/gravel and impermeable clay layers, so that humans, plants, and animals could 

overcome the aridity of the environment, and even thrive in it. 

 

A. Cereals 

 

The principal crops of Greek agriculture were cereals, especially wheat and 

barley.31 The pre-eminence of wheat and barley is largely attributable to a 

combination of adaptability and hardiness that allows them to be cultivated 

extensively in a variety of climatic and geographical conditions and to survive the 

Mediterranean winter, as well as to a special fondness for Mediterranean soils.32 It is 

also in large part due to their relatively large yields, high caloric content, and easy 

digestibility. Cereals formed the backbone of the Greek diet: they provided the bulk 

of the daily caloric intake as bread.33

                                                 
29 Trans. R. Lattimore, New York 1965.  
30 Migliorini (1962) 37-39. 
31 Gallo (1983, 1984: 26-31) has successfully dismantled the opinio communis of barley as a 
“poor man’s” food and fit for livestock (e.g., Delano Smith 1979: 199-200; Jardé 1925: 124-
125) by demonstrating that, according to the ancient literary sources, barley was not 
considered inferior to wheat and that the old view is founded on a misinterpretation of those 
sources. The ancient texts reveal instead a socio-economic distinction between the states of 
barley – i.e., raw grains (krithai) vs. milled flour (alphita) – rather than between barley and 
wheat. Therefore barley, as flour, had no social stigma attached to it, while as grains it was to 
be avoided altogether by humans and given only to animals. 
32 Jasny (1944) 16, 25-26. 
33 Amouretti (1986) 113. 
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The preferred environments for cereal cultivation in Greek agriculture were 

river valleys, particularly the alluvial terraces and floodplains beside the riverbed 

proper. Lying usually at or near the end of the alluvial process, these areas generally 

contain the finest sediments, which promote the circulation of nutrients. The soils are 

old, deep, and heavily silt-laden, so that they drain at a relatively slow, steady rate. 

They are therefore ideal for the cultivation of shallow-rooting cereals and legumes.34

 The five river valleys and the Ionian coast of Basilicata were probably given 

over largely to cereal cultivation in antiquity. The soils there have been described as 

“le seul don naturel de la règion”35 because of their richness: the average 

composition is 22% eroded clay from the mountains overlying 47% sand deposited in 

recent geologic epochs by the retreating sea. Under normal conditions (i.e., in 

phases of geomorphologic stability) these soils are easy to work and generally drain 

well, and they have the added benefits of considerable breadth/depth and annual 

replenishment via inundation.36 Lacava singled out the river valleys as the most 

productive areas of the coastal zone in his day, yielding “abundant” harvests of 

mostly cereals.37 The situation in the valleys of the Metapontino is still largely the 

same today: cereals, particularly wheat, remain significant crops even as more 

profitable fruit- and nut-bearing trees gain ground.38

 

B. Olive and vine 

 

In order to be self-sufficient Greek farmers cultivated a variety of crops, both 

sown and plant/tree-grown. At the family level this polyculture ensured variety in diet 

                                                 
34 Zangger (1992) 15; Delano Smith (1979) 194, 318-319; Jarman/Bailey/Jarman (1982) 133; 
Jardé (1925) 63-65; Pansiot and Rebour (1961) 48, 163. 
 Some alluvial soils, however, are not considered ideal for cereal cultivation: see 
Delano Smith (1979) 169-170. 
35 Kayser (1961) 27. 
36 Migliorini (1962) 37-39, 42; Kayser (1961) 79-80; Lacava (1891) 13. 
37 Lacava (1891) 11, 30, 54. Lenormant’s description (1881: 1.133) of the area around the 
asty of Metapontion as largely desolate and uncultivated due to malaria suggests that the 
majority of the cereal cultivation in the late 19th century was practiced in the inland river 
valleys, just beyond the marshy conditions of the coastal plain. 
38 Boenzi and Giura Longo (1994) 155; Abbott (1997) 80-81. See also Carter and Prieto 
(forthcoming). 
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and nutrition and helped insure against hunger if one crop were to be blighted by 

disease, insects, or natural disaster. A diversified agricultural system also 

theoretically enabled a cultivator to maximize the productivity of his land by planting 

specific crops in the soils and topographic conditions most suited to them. Being thus 

self-sufficient in most foodstuffs, he could even afford to grow certain crops 

specifically for sale at market.39

Two common components of Greek agriculture were the grapevine and olive, 

which together with the cereals formed the so-called “Mediterranean triad.” The vine 

is generally considered a very delicate plant: it must be planted and propagated 

carefully, is sensitive to soil-type and microclimates, and requires constant attention 

(pruning, weeding, and tilling) in order to produce well. Grapes in the household 

context were consumed raw, dried and preserved as raisins, and pressed and 

fermented to make wine.40

The olive requires minimal care and is extremely long-lived. Freshly-planted 

olives need large amounts of water for the first ca. 10 years.41 Once mature, 

however, the olive is more tolerant of drought, but less tolerant of cold, than the vine. 

(Severe or exceptionally late frosts are often fatal for olives.) Olive trees typically 

produce in biannual cycles, in which one year of low yield is followed by a year of 

high yield.42 The trees need little pruning or other care beyond regular shallow 

plowing of the soil and endure for centuries. The olive’s hardiness – it can survive 

virtually any physical trauma save complete eradication of the trunk – doubtless 

greatly increased its value in the eyes of ancient farmers. The fruit could be pickled 

and eaten whole; as such it served as a major source of calories and essential 

vitamins and minerals in the ancient diet.43

The extensive, shallow root systems of the olive and the vine are best 

adapted to loose, rocky (or sandy or gravelly) and therefore highly permeable soils, 
                                                 
39 On crop diversification and threats to crops see, e.g., Hanson (1999a) 70-78, 153-161; 
Garnsey (1988) 49-53; Gallant (1991) 36-38; Gallo (1997) 427. 
40 Delano Smith (1979) 211-212; Isager and Skydsgaard (1992) 26-33. For a detailed 
description of the difficulties of raising vines, see Hanson (1992). 
41 Foxhall (1990) 88. 
42 Pansiot and Rebour (1961) 10-12; Sallares (1991) 305. 
43 On olive cultivation and use in general, see Columella, De re rustica 5.8-9; Mattingly (1996) 
214-226. 
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which are usually found on gentle and moderate slopes.44 The olive and vine gave 

value to land that was otherwise useless or merely given over to pasturage. The low 

slopes lining the Lucanian river valleys and the marine terraces behind Metapontion 

and Herakleia, with their sandy and gravelly and highly permeable soil cap, are well-

suited for the cultivation of olive and vine.45

 

These pairings of cultivation and location in Greek agriculture were only 

general rules of thumb, however, which provided the best results in most 

circumstances. Greek farmers did not follow them rigidly or blindly. Olive and vine 

can often thrive even in the moist, deep soils of fluvial floodplains46, and therefore it 

is not surprising that in the Herakleia Tablets the lessees are instructed to maintain 

and/or plant vineyards and fruit groves (olive and fig) in the Akiris valley.47 The soils 

of the river valleys are not homogeneous and universally friendly to fruit-bearing 

plants, however, so that there are real limits to a farmer’s freedom of cultivation: the 

contract for the lands sacred to Dionysos contains a provision allowing the lessees to 

challenge the regulations for cultivating olives if the soil proves unsuitable for their 

growth.48

Similarly, cereals can be cultivated successfully on slopes in Mediterranean 

lands.49 Before the mechanization of agriculture and the introduction of high-value 

fruit crops like oranges in southern Italy in the 1950s and 1960s, the marine terraces 

                                                 
44 As in Vergil, Georgics 2.227-229: “Suppose you ask whether the soil is loose or unusually 
dense, the denser being well disposed to Ceres the grain goddess, while all the loosest soils 
favor the vines of Bacchus” (trans. Humphrey/Oleson/Sherwood 1998: 95). See also Greco 
(2001) 183; Sarpaki (1992) 70; Pansiot and Rebour (1961) 10. 
45 Pansiot and Rebour (1961) 42-51, 161-163; Amouretti (1986) 25. 
 Pulses/legumes have recently been recognized as a fourth major component of the 
Greek agricultural regime. See Isager and Skydsgaard (1992) 42-43; Zohary and Hopf (2000) 
92; Renfrew (1973) 193; Sarpaki (1992) 74; Flint-Hamilton (1999); and Gallo (1999). 
46 Hanson (1999a) 76; Osanna (1992) 136-137, 172. 
47 E.g., I.114-117, 148-149, 169-176. 
48 I.115-119. 
49 Newbigin (1949) 207.  
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of the Metapontino hosted large expanses of wheat50, and large fields sown in wheat 

were still a common sight when the ICA field survey began in the early 1980s.51

 

Archaeology and epigraphy confirm the existence of a typically Greek 

agricultural regime along the Ionian coast in the colonial period, one broadly similar 

to that of southeastern Basilicata until ca. 1950, which still employed mostly 

“traditional” (pre-industrial) crops and techniques. The excavations at the Pantanello 

Sanctuary in the chora of Metapontion have yielded a substantial corpus of 

paleobotanical and palynological remains, in which all major cultivations – olive, vine, 

and cereals – are present by the late 7th/6th century BC and persist, with variations in 

relative proportion, through the 3rd century BC.52 The Herakleia Tablets prescribe 

essentially the same agricultural regimen for the sacred lands: the lessees must 

plant olives, vines, figs, and “other cultivated trees” (I.172-173) and pay the annual 

rent in barley grown on the same lands (I.50-53, 101-104, 179-185; II.35-112). 

 

2. Pastoralism 

 

Greek agriculture has historically been characterized by a symbiotic 

relationship with pastoralism. Herd animals generally complement the “traditional” 

agricultural regime by converting useless natural vegetation and agricultural waste 

(such as wheat stubble) into valuable natural products and resources.53 Animals 

provide manure, considered a particularly important commodity because of its ability, 

when spread over fields, to replace nutrients and minerals lost during cultivation.54 

                                                 
50 Kayser (1961) 28; Folk (1982) 24. 
51 Carter and Prieto (forthcoming). The productivity figures from the province of Matera, 
including the Metapontino, in 1950-1952 cited by Tauro (1993: 67) show that grain yields 
from the coastal plains and terrace/hill zones are not significantly different, at least not on a 
regular basis, ranging from ca. 950 to 1450 kg/ha in one year and from ca. 1100 to 1150 in 
another. 
52 Carter (1990) 421; (1987) 183, 191. 
53 Hodkinson (1988) 36, 56-63; Jameson (1988) 100; Forbes (1994) 188-191, 195. 
54 The fondness of virtually all plants for manure is discussed by Theophrastus, e.g., HP 
7.5.1, CP 3.9.1. The Arkesine contract from Amorgos (IG XII/7.62 [SIG3 III.963].20-22) 
required the lessee to import dung onto the sacred property: “he will create piles of dung 
each year, one hundred fifty measures, (using) a basket holding four medimnoi and a half-
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Livestock can also be integrated into a crop rotation system: fields planted in 

legumes can be turned over to pasturage, even unharvested, so that the herds 

consume the vegetation and return its nutrient content to the ground in the more 

soluble form of manure, leaving the fields in good condition for fall planting. This 

system has the twin advantages of keeping the animals mostly near to hand (i.e., 

they do not have to be sent further afield to forage, so that they have to be 

shepherded, until summer) and of avoiding the wasted potential of fallowing.55

Herd animals produce many other resources that benefit humans. Goats and 

sheep supply meat and milk, as well as the rennet that curdles milk and promotes 

the formation of cheese (which is essentially a means of extending the usable life of 

milk and facilitating its storage and transport56). Sheep also provide wool, used to 

make cold-weather garments; goats and cattle provide hides that can be converted 

into clothing, tarps, and other daily-use items. The strength and endurance of larger 

animals can be harnessed for some of the most arduous and time-consuming 

agrarian tasks. The Greeks employed cattle, mules, and donkeys, for example, as 

traction for the plow in order to cultivate cereals extensively (i.e., grains were sown in 

low densities across large areas). Without their traction agricultural productivity in 

antiquity would have been so limited as to threaten starvation, for the alternative, 

hand-cultivation by hoeing, loses its advantage of greater yield per unit of land to its 

                                                                                                                                         
hekteus” (κοπροφορὰς ἐμβαλεῖ ἑκ[άσ]του ἐνιαυτοῦ πεντήκοντά τε καὶ ἑκατὸν με[τ]ρητίδα[ς] 
ἀρσίχ[ω]ι χ[ω]ρούσηι μέδ[ι]μνον τέσσαρα ἡμίεκτα). Manuring was probably a common 
stipulation in lease-contracts. The Arkesine contract also required the lessee to leave dung 
on the property even at the lease’s end: “when the cultivator leaves, he must leave behind 
the 150 dung-piles and measure (them) out before the temple-officials with a basket holding 
four medimnoi and a half-hekteus” (ὅταν δὲ ἀπίηι ὁ γεωρ[γός, κ]ατ[α]λει[ψάτω κο]προφορὰς 
ἑκατὸν πεντήκοντα καὶ [παρ]αμετρησά[τω] τοῖς νεωποίαις ἀρσίχωι χωρούσηι [μ]έδιμνον 
τέσσα[ρα ἡ]μίεκτα) (lines 40-43). The same provision is found in IG II-III2/2.2493.24-25. A 
mutilated inscription from Thasos, dating to ca. 330 BC, required the lessee of a garden 
sacred to Herakles to construct an apposite structure for the storage of dung 
(κοπρών/kopron) – Vatin (1976) 561 line 17. Xenophon, Oec. 18.2, recommends increasing 
the bulk of manure through the addition of grain stalks after the harvest. 
55 Hodkinson (1988) 38. 
56 Davis (1965) I.3-6. 
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high labor demands, which were beyond the means of many Greek farmers.57 Cattle, 

mules, and donkeys were also commonly used as “engines” for cereal-threshing.58

Herd animals were easily accommodated in the Greek agricultural regime 

because they generally utilize land that is not suitable for cultivation. Pastures 

typically lie alongside or near rivers, springs, and marshes/swamps. In these 

environments a variety of aquatic plants and grasses grow readily, and a stable 

supply of water for drinking is available (see also p. 179 below).59 Greek farmers 

pastured their livestock primarily on scrub, grasses, shrubs, underbrush, and tree 

leaves, supplemented by hay, grain, and legumes.60

 
The experience of recent periods suggests that the Ionian coastal zone is 

capable of supporting herd animals on a scale larger than might be expected in that 

semi-arid environment, which is characterized by relatively low annual precipitation 

and a vegetation regime dominated by grasses and shrubs. The area’s geology and 

climate create a natural abundance of surface water in the form of rivers, streams, 

and springs, which promote the growth of reeds and other aquatic plants upon which 

herd animals pasture. In 1828 C. Ramage observed that the countryside around 

Policoro (the site of Herakleia) was “haunted by the wild buffalo, who are reared in 

large numbers here, and droves of untamed horses were seen galloping through the 

open glades.”61  

The abundance of water doubtless made the central Ionian coast one of the 

richest environments for large-scale stock raising in all of Italy even in antiquity. 

Bacchylides qualified Metapontion as “horse-rearing city” (ἱπποτρόφον πόλιν 

/hippotrophon polin62) in the 5th century, suggesting intensive horse-breeding. The 

cheese-presses mentioned in the Herakleia Tablets (I.71) reveal the presence of 

                                                 
57 See, for example, Hodkinson (1988) 39-40. 
58 Xen., Oec. 18.3-5; Varro, Res rusticae 1.52. 
59 Yassoglou and Nobeli (1972) 175-176. Homer frequently uses the image of herd animals 
(mostly cattle), suddenly attacked by predators while pasturing beside a river or in a marsh, 
to enhance a scene of ambush (Il. 15.630-632; 18.521, 573-576). On the pasturing of 
livestock around marshes, see also Fantasia (1999) 67-68. 
60 Delano Smith (1979) 218-226, 237-238. See Cato, De agri cultura 60. 
61 Clay (1987) 149. 
62 Epinician 11.114. 
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herd animals in the river valleys. The description of a stream flowing across the lands 

sacred to Athena as a βουβῆτις/boubetis (II.13-14) indicates that cattle were 

pastured in the coastal plain below the asty. Numerous terracotta figurines recovered 

from the Sanctuary of Demeter in the asty of Herakleia depict the goddess holding 

small domestic animals such as pigs.63

The importance of stock-breeding is reflected in the more detailed material 

record of Metapontion, too. The damaged remains of an Archaic-Classical sanctuary 

in the Favale property, immediately outside the walls of the asty, contained a large 

quantity of terracotta figurine fragments depicting female divinities with juvenile 

sheep, goats, and horses.64 The terracotta figurines from the Sanctuary of Zeus and 

Artemis at San Biagio depict the goddess as a potnia theron who clutches both wild 

animals and domesticated ones, such as he-goats.65 Dozens of loomweights, 

evidence for the conversion of raw wool into textiles, have been collected from ruined 

Greek farmhouses and sanctuaries throughout the Metapontino in the course of the 

ICA excavations and field survey.66 Among the animal bones recovered from the 

Pantanello Sanctuary in the Greek period (6th-3rd centuries BC) those of cattle 

predominate, followed in importance by sheep/goats, horses, pigs, donkeys, and 

mules, nearly all of which are grazing animals.67 According to the analysis of the 

pollen recovered from the sanctuary, in the Archaic period grazing plants were more 

populous than in later periods, a situation suggesting the presence of many 

uncultivated fields in the vicinity.68

 

Since the agro-pastoral regime at Metapontion extended far and wide across 

the colonial territory, onto marine terraces and floodplains69, and a similar situation 

appears to have prevailed in the chora of Herakleia by the time the two famous 

                                                 
63 See, e.g., Carter (1987) 191-193 figs. 272-275. 
64 Osanna (1992) 77. 
65 Olbrich (1979) 75. 
66 Carter (forthcoming); Carter and Prieto (forthcoming). 
67 See also the buried horse discovered in the Pantanello Necropolis: Bökönyi (1998) 561-
562; Carter (1998d). 
68 Carter (1990) 421; (1987) 183, 191. 
69 Carter and Prieto (forthcoming). 
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inscribed tablets were composed70, settlers in both territories inevitably experienced 

the region’s frequently fierce climatic constraints (torrential winter rains, summer 

drought) and powerful geomorphologic processes (erosion, alluviation, marshiness). 

More importantly, their agricultural and pastoral activities were heavily influenced by 

the regional climate and at the same time heavily influenced the regional 

geomorphologic activity. The interaction of the colonists with their environment, as 

the next section explains, revolved mostly around water, the presence of which in the 

landscape was often marked by excess or scarcity, and even both. 

 

 

III. Climate, Geomorphology, and Water Management at Metapontion and 
Herakleia 
 

 The semi-arid environment of the Ionian coast presented a challenge to the 

agro-pastoral system imported to Italy by the Peloponnesian settlers. The water 

necessary for the health of crops and livestock, though abundant, was generally 

unevenly distributed across the territory. On the marine terraces the only sources 

were rainfall and perhaps a few small gullies. The nearly flat river valleys and coastal 

plain were watered by the generally constant flows of the rivers and streams, but 

these areas were at the same time prone to inundation and marsh formation. The 

most reliable and tractable sources were the springs and seeps at the edge of the 

marine terraces, like the one around which arose the Pantanello Sanctuary, but 

terrace-edges constitute a relatively small proportion – ca. 25% – of the landscape. 

Beyond the problems of too much water in certain areas, not enough in others, and 

the occasional torrential downpours and floods, the cultivators at Metapontion and 

Herakleia were also faced with a relatively early end to the rainy season and a hot, 

dry summer lasting 4-5 months. 

 For these reasons I believe that water management – both irrigation and 

drainage – was a useful and even necessary component of landscape organization 

at Metapontion and Herakleia. Water-management techniques were employed in the 

                                                 
70 Quilici (1967) 179-186. 

170 



Greek world from the Archaic period onwards71, and there is evidence of water 

management in the Classical period at the two Italiote colonies in question, as will be 

demonstrated in the following discussions. One may reasonably suspect that the 

Italiote colonists drew on knowledge accumulated by their ancestors and 

contemporaries in the homeland. Yet the area between the Bradano and Sinni was 

quite different from the northern Peloponnese, so that the colonists also developed 

novel solutions to water-management issues, the most remarkable of which are the 

“division lines” (see pp. 180-185 below). 

 

1. Irrigation and water storage 

 

Climate and geology together create a strong incentive for the artificial 

application of water to crops growing along the central Ionian coast of Italy. Even 

though the typical regional rainfall per annum falls comfortably above the 200mm 

threshold commonly considered the minimum for dry (i.e., non-irrigated) agriculture 

in a semi-arid environment72, the region suffers from an average annual moisture 

deficit (i.e., a situation of moisture loss exceeding annual rainfall through evaporation 

from the soil and transpiration from plants) of 600+mm. The rainfall is concentrated 

in a relatively narrow span of time, from October to April, falling most heavily from 

November to March. The geological composition of the marine terraces and valley 

walls, which combined account for nearly 60% of the surface, makes most of the rain 

unavailable to vegetation: water percolates quickly through the loose sand and 

gravel cap and then travels laterally towards the scarps upon meeting the deep clay 

strata (see pp. 157-158 above). 

The landscape therefore experiences dramatic seasonal variations in 

humidity and water-volume, a situation that puts even the hardy spontaneous 

                                                 
71 Most recently Krasilnikoff (2002), in reviewing the evidence and arguments for irrigation in 
Greece itself, has justifiably emphasized its local, or at most regional, character and 
cautioned against assuming that it was a widespread water-management technique, since 
the factors most directly responsible for creating the need for irrigation in Greece (climate and 
geology) vary widely in influence across the landscape. 
72 Kayser (1961) 28; Boenzi and Giura Longo (1994) 19. See also Kühne (1990) 19; Oates 
(1972) 799; Halstead (1990) 147. 
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vegetation under strain73 and, more importantly, threatens the traditional agricultural 

and pastoral regime, principally via the heat and dryness that prevail between May 

and September.74 The olive, as noted above, requires large amounts of water to 

survive the first ca. 10 years after planting. Both the olive and the vine produce fruit 

with a very high moisture content; a particularly hot or dry summer, which was 

presumably no more rare of an occurrence in antiquity than it is today, can impair 

maturation of the fruit during the most delicate phase, early in the production cycle.75 

The effects of heat and dryness on cereals can be devastating: a severe drought in 

1927, for example, halved the grain harvest of Basilicata.76 Though certainly most 

traditional crops in antiquity would have reached maturity in most years under a 

range of conditions, irrigation would have provided additional security against crop 

failure (especially in extreme conditions) and increased the quantity of the various 

harvests.77

At the same time, traditional pastoral activity depends heavily on the 

availability of water, which must be constantly present to prevent dehydration of 

livestock. Water is available all along the Ionian river valleys, but only sporadically on 

the marine terraces, where the majority of the colonial farmsteads stood.78 In 

antiquity the terraces had very few streams/gullies, the seeps and springs were 

confined to the scarps, and the settlers appear not to have created wells before the 

                                                 
73 Rendell (1986) 184-185. 
74 Jasny (1944) 26; Zangger (1992) 15. 
75 Hanson (1999a) 154-155. See also Hanson (1999b) 14, (1992) 165. 
76 Boenzi and Giura Longo (1994) 197-198; Tauro (1993) 27. 
77 A Sumerian agronomic text, commonly designated by modern scholars with the Latin title 
“Georgica” (“Things To Do with Farming”) and believed to have been composed ca. 2100 BC, 
provides an interesting comparative perspective on irrigation in dry environments. The 
narrator of the “Georgica,” the Sumerian god of farming himself, recommends four irrigation 
episodes for cereals in the period November-February, while the crop is growing: (1) when 
the grain expands to fill the furrows, (2) when the plant achieves a uniform height, (3) when it 
has formed ears, and (4) when it is ready to scatter its grains (Jacobsen 1982: 57-60). 
Episode (4) demonstrates that it is important to provide winter plants, including cereals, with 
water until the last two weeks before the harvest; scarcity of water just before or at this critical 
point (i.e., during flowering and pollination) stresses the plants, with the result of reducing the 
grain yield, often dramatically (Charles 1988: 3, 13). 
78 Carter and Prieto (forthcoming). 
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late 4th century.79 Flocks small and large therefore thrived in the valleys and coastal 

plain but probably could not survive on the terraces without a more evenly distributed 

and constant water supply, which water transport and storage could provide. 

 

 Irrigation systems at Metapontion and Herakleia could have been fed by all 

three sources of water available in the coastal zone: streams and rivers in the plains, 

springs and seeps along the valley walls between the terraces and plains, and pluvial 

runoff on the marine terraces. The short traphos that ran alongside the Akiris River in 

the lands sacred to Athena (Herakleia Tablet II.51-64; see p. 90 and Figure 2.8) was 

doubtless fed by the Akiris and may have provided water for the series of vineyards 

to the west (B-D) as well as the long strip-fields B-D, perhaps via shallow furrows. 

The traphoi cutting across the lands sacred to Dionysos (I.130-132), though they are 

not associated in the text with any particular cultivation, could have been used to 

support vines, olives, and/or cereals and were probably likewise fed by the Akiris 

(see also p. 89). 

 The numerous springs and seeps formed by rainwater trapped between the 

sand/gravel cap and the impermeable clay layers of the marine terraces were good 

sources of irrigation water because they offered a concentrated flow that could 

persist through the late spring and early summer. Some may have been canalized 

directly, but the archaeological evidence from the Metapontino indicates that 

collection of spring-water in reservoirs, possibly equipped with sluice-gates (cf. the 

Chairephanes inscription in Appendix B, pp. 253-258), might have been a common 

practice. In the early 6th century a ca. 10 x 10m basin was constructed of stone, 

cobbles, and clay at the Pantanello Sanctuary to collect the copious waters that 

flowed from the spring at the edge of the Basento valley80; a cut in the eastern wall 

probably controlled overflow and may have fed an irrigation canal on the outside, 
                                                 
79 Specially-made terracotta well-liners appear for the first time at Pantanello, in both the 
sanctuary (where a well was created over the clogged spring) and the necropolis (where they 
were employed as burial containers), by the late 4th century BC – Carter (1998b) 100-101, 
(1994) 196. Several ancient wells with stone collar-lining have been noted in association with 
the remains of 4th-century BC agrarian structures in the chora of Taranto (Cocchiaro 1981: 56 
n. 9, 58 n. 22, 61 no. 39), suggesting that wells were a relatively late innovation in Magna 
Graecia generally (see also Cocchiaro 1981: 66). 
80 Carter (1990) 417-418. 
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which could have carried water down to fields beyond the reach of the Basento’s 

waters; from there the water may have been applied to plants (particularly olives and 

vines) with buckets or furrows.81 A recently discovered group of cobble-paved 

collecting basins or reservoirs stand on the sloping edge of the marine terraces in the 

San Salvatore locality overlooking the Bradano82; they are very similar in topographic 

position to the collecting basin at Pantanello, and it is therefore possible that at San 

Salvatore, too, some of the water in the reservoirs was channeled into the adjoining 

river valley for field irrigation. The Pantanello and San Salvatore reservoirs may also 

have been used as watering stations for livestock. 
The evidence indicating that the Metapontine “division lines” were designed in 

part to channel pluvial runoff for irrigation on the marine terraces is presented in the 

next section. 

 

 The use of irrigation throughout the Greek world is attested by an admittedly 

small and sporadic corpus of archaeological, epigraphic, and literary indicators, but 

the case for irrigation – and water management generally – as an established 

component of Greek agriculture is not as difficult to make as Krasilnikoff has 

argued.83 The Homeric simile of the farmer watering his garden with a spring-fed 

irrigation ditch (Il. 21.257-262), for example, indicates that Greek cultivators 

frequently employed irrigation, even if on a very small scale (small fields or gardens), 

in the Archaic period – the simile could not have succeeded if the majority of the 

audience was not familiar with irrigation. River-fed irrigation is attested at 5th-century 

Gortyn on Crete, where one of the inscribed laws84 instructed those wishing to divert 

water into ditches leading to their properties to observe a public mark on the bridge 

near the market-place, below which the river’s water-level was not to fall (presumably 

so that farmers working further downstream would have enough water).  

                                                 
81 Furrow irrigation is attested at Saint-Jean-du-Désert in the chora of Massalia (Marseille) in 
southern France, where an irrigation conduit dating to the late 4th or 3rd century BC 
terminated in regular and narrow furrows indicative of an ancient vineyard (Boissinot 2001). 
82 Nava (2003a) 675-676. 
83 Krasilnikoff (2002). Hanson (1999a) 447-448 contains additional evidence supporting 
irrigation in Greece. 
84 IC IV.43Bb. 
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 By the 5th century the Aegean island of Delos was equipped with a 

sophisticated network of basins/reservoirs located near the summits of the hills to 

catch rainwater, which was then distributed around the agricultural terraces in 

trenches.85 The late-4th century BC “developer” Chairephanes, whose contract with 

the community at Eretria to drain a marsh on the island of Euboea was recorded on 

stone (see Appendix B), was instructed to build a sluice-gate at the beginning of the 

drainage ditch so that local farmers could make use of the water.86  

Long-standing Greek familiarity with irrigation and its established role in 

Greek agriculture are clear also in 4th-century literature. The utility of – more often 

need for – water for sustaining agriculture was evident to the orator Demosthenes, 

who in one case remarked, “that year, as you all know, the water even dried up in the 

wells, so that not a vegetable grew in the garden.”87 The water-management system 

of the legendary Atlantis as described by Plato included stream-fed irrigation: 
 

And they cropped the land twice a year, making use of the rains from Heaven 
in the winter, and the waters that issue from the earth in summer, by 
conducting the streams from the trenches. (Critias 118E) 88

 

 In the technical-philosophical treatises that began to appear at this time 

knowledge of water and its uses, in all its forms, is treated as common wisdom and 

presented in detail, indications of long familiarity with the concepts. Theophrastus 

notes that certain kinds and classes of vegetables are more hydrophilic than others, 

and that fresh and/or cold water is better than salty and/or “heavy” water, and rain-

water better than all other types (because it appears to kill or drive away parasites).89 

Both Theophrastus and Aristotle note the tendency among Greek farmers to irrigate 

at dawn, in the late afternoon, or at night, because at these times the heat is least 

intense and thus does not parch the plants, negating the day’s efforts, and because 

warm or hot water was believed to be harmful to plants.90 Theophrastus even notes 

that too much water is as harmful to plants as too little, potentially “burning” them 
                                                 
85 Brunet (2001) 35, (1999) 44, (1997) 22. 
86 IG XII/9.191.24-27. 
87 L.61. 
88 Trans. (modified) R.G. Bury, Cambridge, Mass. 1929 (Loeb). 
89 HP 7.5.1-2. 
90 Thphr., HP 7.5.2; Arist., Pr. 924b15-17. 

175 



(especially if mixed with manure).91 Xenophon, finally, proposes the same solution to 

the problem of soil salinization that had been employed for millennia in 

Mesopotamia: irrigation.92

 

2. Drainage 

 

No less serious a threat to the Greek agro-pastoral regime at Metapontion 

and Herakleia was the opposite condition, an excess of water. The combination of 

fluvial inundation, high water table, seepage between sand/gravel and clay strata, 

low gradient, soil type (fine, nearly impermeable sediments), and beach dunes traps 

large amounts of water on the surface, particularly in the lower river and stream 

valleys and the coastal plain. The annual deposition of new sediments in the river 

valleys and coastal plain renews the fertility of the topsoil93, but the bodies of 

standing water left behind in late winter and early spring can damage Mediterranean 

crops in their early stages of growth or create conditions for root-rot94 and provide 

                                                 
91 HP 7.5.1-2, CP 3.8.4. 
92 “The salt is corrected by being mixed with saltless substances, liquid or dry” – Oec. 20.12, 
trans. E.C. Marchant (Cambridge, Mass. 1923 [Loeb]). 
93 The rivers may in fact have been largely responsible for the agricultural prosperity of 
Metapontion and Siris-Herakleia. Gallo (2003: 111-112) notes the frequent association of 
fertility and the presence of rivers in ancient literary descriptions of Magna Graecia, while 
Carter (1994: 169, 178, 187-196) has noted the frequent imagery of fertility in the votive 
deposits. The density of sanctuaries, both simple and monumental, in the river valleys is 
greater than in any other part of the Metapontino: along the Bradano there are known 
sanctuaries at the Tavole Palatine and Cozzo Presepe and in the San Salvatore and 
Pizzarieddo localities, as well as a possible sanctuary in the Saldone locality; along the 
Basento, there are known sanctuaries at Favale, Pantanello, and San Biagio as well as 
evidence of sanctuaries in the Sant’Angelo Vecchio, Sant’Angelo Grieco, and Torre di Mare 
localities. In contrast, only six sanctuaries have been documented on the marine terraces 
(Carter and Prieto: forthcoming). Many of the river sanctuaries had an agro-pastoral 
character (e.g., Pantanello and Favale – see Carter 1994: 187-196 and Osanna 1992: 77, 
respectively). The unusually high density of sanctuaries in the river valleys and the emphasis 
on fertility suggest that the rivers were considered the richest parts of the chora . 
94 Jasny (1944) 26. According to Renfrew (1973: 65), “the distribution of the rainfall during the 
growing season is of the greatest importance: moderately heavy rain in early summer when 
the shoots are in full growth and ears developing is most beneficial, but heavy autumn and 
winter rains greatly retard the development of the plant and result in small grain yield.” 
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breeding locations for malaria-bearing mosquitoes (see p. 156 above). Excess 

moisture also frequently puts livestock in danger by destroying fodder supplies.95

Marshy conditions have historically characterized the area between Bradano 

and Sinni.96 In 1828 Ramage said of Siris-Herakleia, “The sand, which has choked 

up the mouth of the river, renders the neighbourhood marshy, and, combining with 

the Agri, makes the whole coast for many miles a complete desert” Even today, 

nearly two generations after the introduction of dams, large drainage canals, and 

mechanical pumps that have tamed the landscape, small marshes and stagnant 

pools still form in the coastal zone, especially in the vicinity of springs and moisture 

seeps at the gravel/clay contact along terrace edges (Figure 4.2).97

The same situation prevailed in antiquity, as demonstrated by the Greek 

colonists’ awareness of the problem and response to it. The Metapontines 

constructed a sophisticated drainage system inside the asty to channel large 

amounts of water standing in both public and private areas into large canals that fed 

into the Bradano and Basento Rivers, and thence into the sea.98 The Herakleians 

constructed a similar system.99 The rise of the water table at Pantanello in the 5th 

century prompted the relocation of the sanctuary’s cult building to higher ground (see 

pp. 155-156 above). Marshiness in the valleys and plains was remedied by drainage 

ditches like the rheonta in Herakleia Tablet I.130-132 (see p. 90), which moved 

excess water back into the rivers and ultimately into the sea. In addition the 

Metapontines and Herakleians may have attempted to contain and control the annual 

inundation of the lower river valleys with dams, dikes, and levees that would have 

kept most of the floodwaters within the river beds.100 Given the great mass of 

                                                 
95 Delano Smith (1979) 237. 
96 Clay (1987) 149. 
97 These features are often associated with Greek sanctuaries, as the Pantanello Sanctuary 
at Metapontion, where excavation could not be performed without a “well point” pump to 
lower the local water table (Carter 1987: 180; see Figure 4.2). Marshy conditions were 
recently encountered around the sanctuary at San Biagio (Nava 2001: 942, 954), which was 
also constructed around a spring. 
98 Sconfienza (1996) 46-48; Mertens (1999) 248-249; Boenzi et al. (1988). 
99 Sconfienza (1996) 50-54. 
100 Cultivators in the 19th century used dikes, mills, and pumps to control the floodwaters and, 
as a side-benefit, to carry them away from the river beds to irrigate fields beyond their normal 
reach. Taming the winter/spring floods was apparently quite difficult: they either broke down 
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accumulated sediment covering the colonial occupation strata in the river valleys, 

one cannot expect to be able to identify these features – or any others, for that 

matter – in historical aerial photographs.101

 

Drainage projects elsewhere in the Greek world are less frequently attested 

than irrigation projects and usually relatively late in date. The more elaborate 

examples rely on a technical proficiency that presupposes long-standing familiarity 

with drainage as a component of landscape organization, as well as a certain 

comfort with the technical aspects of water management. Chairephanes’ late 4th-

century BC contract with Eretria on Euboeia for the drainage of a marsh/lake (see 

Appendix B), for example, stipulates the excavation of sunken channels terminating 

in a collecting basin of a specified perimeter; the basin was presumably to be located 

downhill from the marsh, so that a certain amount of topographic survey was 

required to determine the best paths for the ditches and the best site for the 

reservoir. Plato describes an ambitious drainage system at the legendary Atlantis: 
 
[A trench] was dug out to the depth of a plethron [100 Greek feet] and to a 
uniform breadth of a stadion [600 Greek feet], and since it was dug round the 
whole plain its consequent length was 10,000 stadia. It received the streams 
which came down from the mountains and after circling round the plain, and 
coming towards the city on this side and on that, it discharged them 
thereabouts into the sea. And on the inland side of the city channels were cut 
in straight lines, of about 100 feet in width, across the plain, and these 
discharged themselves into the trench on the seaward side, the distance 
between each being 100 stadia. (Critias 118D)102

 
The fictitious setting and the obviously exaggerated scale of the Atlantean water-

management enterprise should not obscure Plato’s grasp of the principles of 

drainage. The functioning of the system is clearly and logically described: mountain 
                                                                                                                                         
the dams or simply overran them, judging from the frequency of litigation between 
neighboring land-holders over property-lines (Boenzi and Giura Longo 1994: 148-149; Tauro 
1993: 30, 39; Policarpo Troyli 1976: 304). In the 20th century the riverbanks were reinforced 
and artificially elevated at various points by means of levees, massive water-and-sediment-
trapping dams were created up-river. These have nevertheless also failed on occasion, when 
the amount and density of trapped sediments has forced the flow of water to seek outlets 
beneath the dam structures, undermining them (Rendell 1986: 191; De Siena 2001: 764). 
101 Such was also the opinion of Uggeri (1969: 52), and it has been largely confirmed by 
Abbott’s (1997, forthcoming) geomorphological research. 
102 Trans. R.G. Bury, Cambridge, Mass. 1929 (Loeb), modified. 

178 



streams are intercepted by a large canal, which carries the water to the sea, while at 

the same time a series of ditches moves the water accumulating in the plain around 

the city into the canal. Could such appreciation have come from first-hand 

observation of a more modest scheme? 

 

Most marshes/swamps in the Greek world were probably not drained, 

however. Drainage projects were exceptional in antiquity, and the presence of 

standing water had notable benefits. Marshes and swamps provided sources of 

concentrated salt, attracted wild game, and promoted the growth of useful hydrophilic 

flora, such as reeds; they also supported a variety of fish and other types of aquatic 

foods, as well as particularly thirsty and/or salt-tolerant agricultural products (e.g., 

lentils).103 Marshes could be used as summer water and pasture for herds/flocks and 

prestige animals. Certain ones were perhaps used as natural (and even artificially-

enhanced) irrigation reservoirs, similar to the reservoir (δεξαμενή – literally 

“receiver”) excavated by the Eretrian cultivator Chairephanes, the “streams and 

springs” (νάματα καὶ κρήνας) created by Plato’s agronomoi104, and the vasche 

(basins) visible in southeastern Basilicata today, to be tapped in the summer and 

early autumn.105

   

Ironically, the Metapontine and Herakleian farmers only exacerbated the 

problem of marshiness along the coastal plain between the Bradano and the Sinni as 

they attempted to mitigate it through drainage. Abbott’s study of the 
                                                 
103 Traina (1988) 102-104; Delano Smith (1979) 388-390. Ramage noted that the marshes of 
Sybaris in his day “afforded shelter to wild boars and water-fowls of every species” (Clay 
1987: 141). 
104 Laws 6.761b5. 
105 On the importance of marshes in the Greek agrarian and pastoral economies generally, 
see also Fantasia (1999: 66-68), who cites two heavily-mutilated 4th-century BC inscribed 
Attic land-leases (IG II-III2/2.2495 and SEG XXXIII [1983] 167c, p. 57) in which a marsh or 
mud-pool (τέλμα/telma) is mentioned, presumably available to the lessee for exploitation 
under certain conditions. The desirability of marshes is also explained in part by a passage of 
Xenophon’s Oeconomicus (20.10-11), in which the “gentleman farmer” Ischomachos states 
that “every kind of vegetation, every kind of soil in stagnant water turns into manure” (trans. 
E.C. Marchant; Cambridge, Mass. 1923 [Loeb]): cultivators, he says, could generate their 
own manure by throwing cleared weeds and other unwanted vegetation into stagnant pools 
and allowing it to decompose. 

179 



geomorphological processes active in the Metapontino indicates that the natural 

mechanism behind the marshiness in the Ionian coastal zone – torrential rainfall 

acting on weak mountain and terrace geology – was accelerated significantly by the 

Greek agro-pastoral regime at Metapontion and Herakleia. According to Abbott, the 

periods of the historically most intense erosion are correlated with periods of 

intensive use of the land. In the exposed cuts and sections of the Bradano, Basento, 

and Cavone valleys, the archaeological and organic evidence from the Bronze Age, 

Iron Age/colonial period, and Medieval period – all characterized by intensive agro-

pastoral activity – are buried under relatively thick alluvial strata deposited in the 

centuries immediately following. The thickest strata date to the Classical and 

Hellenistic periods, at which time the exploitation of the Ionian coast was at its 

historical high.106 To Abbott this apparent correlation reflects a simple stimulus-

response relationship: agriculture and pastoralism depend on the devegetation of the 

landscape (through the removal of trees and bushes to create fields and the grazing 

of herd animals), which is typically concentrated in elevated areas like the marine 

terraces; devegetation in turn exposes the landscape to erosion and slumping. In 

periods of particularly intensive agro-pastoral activity, proportionally more soil will be 

exposed, so that the destructive effects of erosion, alluviation, and slumping – 

particularly flooding and marshiness – are magnified.107

 

 
IV. Agro-pastoral Activity at Metapontion: The “Division Lines” and Water 
Management 
 

 Simultaneous consideration of the natural and anthropic processes active 

between the Bradano and Sinni in antiquity as explained above, the interaction(s) of 

these processes, and the topography of the landscape (see Chapter 3 generally), in 

my opinion, provides the context and conditions for the most plausible interpretation 

of the purpose(s)/function(s) of the visible Metapontine “division lines.” They were 
                                                 
106 See the discussion of settlement patterns and intensity in the various historical periods in 
Carter and Prieto (forthcoming). 
107 Abbott (1997) 207-211, 214-215. 
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probably designed primarily to collect water for irrigation and the nourishment of 

livestock, with a secondary and limited drainage role. The region has historically 

been rich in the water resources essential for agriculture and pastoralism, but without 

human intervention those resources have always been concentrated in a relatively 

small proportion of the landscape, i.e., the river valleys and coastal plain, so that the 

agro-pastoral potential of the marine terraces is only partially available. The 

Metapontines, as I shall argue, attempted to remedy the situation by harnessing the 

pluvial waters that fell on the terraces. 

 

 The argument for a water-management function of the “division lines” stems 

from the combined effect of two physical factors which, in my opinion, override all 

others: (1) the shape of the majority of the longitudinal “lines” excavated to date – 

i.e., broad, shallow ditches often lined with cobbles or gravel (see pp. 69-74 and 

Figures 2.1, 2.4108) – and (2) the natural southeast-trending declination of the 

regional landscape (see p. 140 and Figures 3.14-15). During rainstorms, in antiquity, 

the longitudinal ditches (as well as the diagonal ditches) would have filled with water 

from the surrounding fields, since groundwater naturally fills a void that stands 

beside or below its upper level. Then gravity would have moved the accumulated 

water along the length of the ditches, from the higher elevations in the northwest 

down towards the lower elevations in the southeast (Figure 4.3, in which all visible 

segments are assumed to be ditches). The water so transported may have been 

trapped in the ditches to create ready drinking-spots for livestock, spread over the 

surrounding fields via flooding or furrows or buckets, or channeled into cobble-and-

clay-lined reservoirs, which would have provided water at lower elevations for fields, 

gardens, and livestock. In any event the ditches were well-positioned, and of the right 

design, to collect rainwater on the terraces, before it filtered into the sand/gravel soil 

(and then exited the terraces along the scarps). The creation of a controllable and 

reliable supply of water on the terraces, even if its range and duration were limited 

(for this water would have eventually dried up in middle or late summer, by which 
                                                 
108 The only “division line” road positively identified in the Metapontino so far, in my opinion, is 
the flat-topped feature with flanking ditch immediately north of the Crossroads at the 
Pantanello Necropolis (see p. 69). 
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time livestock was probably moved into the cooler and wetter hills/mountains, and 

the water could be transported only so far by hand or furrow), would have created a 

more comfortable and productive environment for plants and animals on the marine 

terraces, much as the successful export agriculture of southeastern Basilicata today 

has been made possible largely by piping water from the upper river valleys onto the 

terraces to support the thirsty vines and fruit-trees. 

 The chronology of the lowest “division lines,” which have been dated to the 

first half of the 5th century by the graves flanking them at both the Pantanello 

Necropolis and the SNAM/Consorzio di Bonifica excavations in Pizzica109, suggest 

the presence of an additional incentive behind their creation, at least in that locality. 

This period coincides with the appearance of signs of a dramatic environmental 

change that affected primarily, if not exclusively, the river valleys and coastal plain 

and extended well into the 4th century. The cult building at Pantanello was relocated 

to higher ground around the middle of the 5th century110, as were 4th-century burials 

in the necropolis near the mouth of the Basento.111 The architectural history of 

Metapontion itself between the early 5th and mid-4th centuries is punctuated by the 

virtual cessation of new building and maintenance, the collapse and spoliation of the 

massive elliptical public meeting-place (“ekklesiasterion”), and the construction of 

large stone-lined drains.112 This situation of general decline was, as noted above, 

probably precipitated in large part by the colonists’ own intensive agro-pastoral 

activity, already at least a century old.113 As the valleys and coastal plain filled with 

                                                 
109 Carter (1998a) 45; De Siena (2003) 513 and cited in Nava (2003a) 670, 676. An additional 
chronological control on the construction of the ditches (and the “division line” roads) might 
come from a study of the dateable ceramics recovered in the lining and fill of the features (as 
Carter 1999: 23). No information of this kind has been published to date, but a definitive 
publication of the ICA/Soprintendenza excavations at Pizzica in 1999, which would include a 
detailed study of all recovered artifacts, is planned (Carter, pers. comm. 2005). The 
chronology of the ditches in the other, higher localities (e.g., Lago del Lupo) remains 
completely unknown. 
110 Carter (1994) 189. 
111 Nava (2003a) 668. 
112 Mertens (1999) 276-278; Boenzi et al. (1988). 
113 And the Metapontines may have doomed themselves from the start in another way: the 
seizure of the chora forced the indigenous peoples who inhabited it before them to settle 
further inland, in the hills and low mountains; there even the smaller scale of indigenous 
agrarian activities would have accelerated the erosion of the steep slopes, thus contributing 
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water and sediments, the farming population may have abandoned them in favor of 

the higher, drier terraces. The strikingly high density of ditches in Pizzica may be an 

artifact of the relocation of farmsteads and fields – Pizzica would have been the 

locality closest to both river valleys and the plain.114 The ditches may have been an 

attempt to recreate the fluvial environment on the lower terraces: large amounts of 

water were perhaps trapped and then released over the fields to reproduce an 

inundation, or trapped and applied in periodic doses (by bucket/splash or furrow 

methods) to simulate the moist soils of the valleys. 

 

 A potential drainage function can also be seen in the “division lines.” The 

transverse ditches in the Pizzica locality (of which one, T01, has been excavated – 

see p. 74 and Figure 3.2) could have served to remove unwanted or excess water by 

channeling it over the terrace-edges and into the Bradano and Basento valleys, 

much like the cobble-lined canal Basento-Cavone PT01 on the San Teodoro terrace 

above the Basento valley115 (see pp. 125-126 and Figure 3.3) and the dioryx above 

the Akiris beside the lands sacred to Dionysos at Herakleia (Herakleia Tablet I.58-

59). Since there is very little declination of the lower marine terraces in the 

transverse orientation – i.e., southwest-northeast (see Figure 3.16) – the flow of 

water towards the river valleys was probably generated by the pressure of the water 

entering the transverse trenches from the northwest (Figure 4.3). Dams and sluices 

placed at the intersections of the longitudinal and transverse ditches could have 

controlled the amount of water flowing off of the terraces, and its exact point(s) of 

exit. 

                                                                                                                                         
to the Metapontine environmental crisis – see Neboit (1980) 25, (1983) 142-147, (1984) 9-12. 
According to Conacher (1998: 452), this is a common pattern in Mediterranean history. 
114 Unfortunately Pizzica has not been systematically surveyed, so that the settlement picture 
there is incomplete – see Carter and Prieto (forthcoming). 
115 Nava (2003) 665 fig. 5, 670-671. Only the mouth of the canal on the terrace-edge was 
excavated; the line of the canal as displayed here is borrowed from the published plan, being 
invisible in the photographs. This feature strongly resembles the διῶρυξ in HT I.59, which 
also diverts water off the edge of a terrace. 
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 Some archaeologists prefer to see the longitudinal “lines” as serving a 

drainage function116, to carry water down from the terraces and into the coastal plain 

in a controlled manner. This was manifestly not the case, for three main reasons: 

1. The surface of the marine terraces generally drains well naturally, due to the 

northwest-southeast declination and the high permeability of the sand/gravel 

soil, and therefore does not suffer the kind of chronic flooding that would 

require artificial drainage; 

2. If the information in the aerial photographs is accurate (see p. 118 and pp. 

135-136), none of the ditches ran continuously from Lago del Lupo to the 

coastal plain; and 

3. Even if the ditches actually did connect these areas and carry water all the 

way down to the coast, that water would only have exacerbated – not 

alleviated – the well-documented marshy condition of the coastal plain and 

chronic flooding of the asty, as geologist Folk has noted.117 

 

The interpretation of the “division lines” as serving a primarily irrigation 

purpose, with a lesser drainage role, provides a potential explanation for their 

“geometric” (i.e., nearly parallel) arrangement and their manifestation as 

discontinuous segments across the landscape. Drainage and irrigation ditches 

occupy valuable surface area that can be cultivated. Farmers of every age naturally 

tend to place them along the borders of their fields, rather than in the middle of fields, 

to minimize the waste of land and to avoid putting an obstacle in the way of a 

plow.118 The Metapontine cultivators on the marine terraces were probably no 

different: those who wanted or needed water excavated ditches beside their sub-

parallel property-boundaries (see pp. 96-111 for the discussion of surveying 

methods), since the latter probably were considered public property and thus 
                                                 
116De Siena (2003) 513 and cited in Nava (2003a) 670, 676. 
117 Folk (1982). 
118 The rheonta in the lands sacred to Dionysos (Herakleia Tablet I.130-132), for example, 
ran alongside the properties. (The position of the traphoi, which ran “through the lands,” 
however, is unclear in the same passage.) In IG XII/9.191A.20-21 Chairephanes is instructed 
to excavate the ditches needed to drain the marsh through uncultivated fields and away from 
cultivated ones, to avoid damaging the crops. Cf. also Thuc. 1.106, where a battle that takes 
place in a cultivated plot in the Megarid is decided by a deep ditch surrounding the property. 
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inviolable (as the antomoi in the lands sacred to Dionysos – Herakleia Tablet I.132-

133), and thus was created the pattern of sub-parallel segments preserved in the 

aerial photographs. The apparent discontinuity in the lines may therefore reflect the 

individual initiative of Metapontine cultivators, for there is no compelling reason to 

assume that a central authority ordered the creation of a systematic network of 

ditches spanning the entire chora. 

One must therefore make the crucial distinction, as Uggeri originally did (see 

pp. 15-16) and Manzelli has recently done119, between the boundaries for individual 

landholdings, which were created probably in the early 6th century BC (see pp. 147-

152) in the form of uncultivated strips or antomoi (see p. 67 Note 21 and pp. 77-81), 

and the drainage and irrigation ditches that were excavated later (see pp. 182-183 

above) to provide water for agro-pastoral activities. This solution perhaps explains, in 

addition, some of the variability in interval distances between ditches: if the ditches 

were not excavated on the boundaries (as Uggeri assumed) but rather alongside 

them, then the intervals between neighboring ditches will vary by several meters 

depending on whether a ditch was created on the north or south side of a boundary. 

Most of the “division lines” visible in the aerial photographs never divided the 

landscape; they were an epiphenomenon, rather than the phenomenon itself. The 

term “division lines” should be redefined as the invisible survey-lines defining land-

units in the Metapontino, and by the same token the visible/tangible ditches and 

roads that ran beside and on them should be defined perhaps as “landscape 

organization elements” or “landscape organization features.” 

                                                 
119 Manzelli (1995) 238-240. 
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Chapter 5 
 

 

I. Overview of Colonial Greek Landscape Organization 
 

My objective in this study has been to define and describe Greek landscape 

organization as it existed in the colonial context of southern Italy. A review and 

analysis of the scattered archaeological, historical, literary, and epigraphic evidence 

from around the Greek world has revealed that Greek agricultural territories, 

including colonial territories, were complex patchworks of interlaced and 

interconnected roads, paths, ditches, fences, rivers, and streams that often helped 

define the boundaries of cultivated fields. This intensive investment in the 

countryside is not surprising when one considers that in most colonies the chora 

provided food for the colonists’ own consumption as well as for export and profit. The 

organization, or “anthropization,” of the chora increased its productivity and 

prosperity, and by extension the prosperity of the colony as a whole. 

In re-examining the abundant and varied evidence from Metapontion and 

Herakleia, this study has confirmed that Greek landscape organization in southern 

Italy can be described broadly as “geometric” – i.e., the individual features of the 

chora were frequently (but not exclusively) arranged in nearly parallel and repetitive 

sequences. But the colonial surveyors’ command of mathematics and geometrical 

knowledge was clearly well below the level assumed by many recent topographic 

studies of the Metapontine landscape, and it is furthermore likely that the ancient 

surveyors never aimed for rigid regularity of form: most of the longitudinal 

Metapontine landscape organization features are neither uniformly parallel nor 

placed at regular “mathematical” intervals, and the transverse features appear not to 

have extended across the entire chora. The Metapontine and Herakleian surveyors 

certainly had in mind some sort of larger plan, but their ability to visualize the 

landscape was severely curtailed, through no fault of their own, by their earth-bound 

perspective. Topographers and archaeologists must work carefully with their aerial 

photographs and maps in order not to stray too far from the ancient reality. 
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In this study more sophisticated and effective methods have been developed 

for locating and analyzing the Metapontine landscape organization features, which 

make use of advanced technologies. Just as important, this study has redirected the 

study of Greek landscape organization in southern Italy by asking different questions 

that draw on a wider range of evidence from the area of the central Ionian coast. 

Topography, climate, and geology played significant roles in the formation and 

management of the ancient landscape, as they continue to do today, roles that have 

been ignored or undervalued in previous studies. So critical was the regulation of 

water for agricultural success in the territories of Metapontion and Herakleia, I 

believe, that the colonists probably created large and extensive – although not 

necessarily uniformly designed – irrigation and drainage systems to provide extra 

water for crops and livestock on the marine terraces and remove excess water from 

fields in the river valleys and coastal plain. The form, orientation, and topographic 

situation of the majority of the longitudinal landscape organization features at 

Metapontion are most logically explained, in my opinion, by irrigation and drainage 

functions. 

 

 
II. Organized Landscapes in Magna Graecia 
 

 As part of this study I examined aerial photographs over 16 colonial territories 

in Magna Graecia, beyond the well-documented territory of Metapontion (see section 

1.V). I found plausible signs of pre-modern organization in only two of these 16 

territories, Poseidonia-Paestum and Taras, but the presence of important Roman 

colonies at both locations means that the visible traces of linear features should be 

investigated thoroughly from the ground – principally by excavation – before a 

serious discussion of chronology is initiated. 

 Is it likely that only four of 17 colonial territories (Metapontion, Herakleia, 

Poseidonia-Paestum, and Taras) were organized to any extent with roads and 

ditches? The answer is almost surely “no.” Every colony – even a colony with a 
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meager territory, like Velia1 – would have required roads to connect localities and 

regions. More importantly, most of Magna Graecia, particularly the modern Italian 

regions of Calabria and Campania on the Tyrrhenian and Ionian coasts, has a 

climate, geology, and topography broadly similar to those of the central Ionian coast 

(modern Basilicata), with the result that many Italiote colonies were afflicted by 

geomorphological problems of a similar scale and severity to those at Metapontion.2 

Successful agriculture doubtless would have required some degree of correction of 

these problems by even modest investments in drainage and irrigation similar to 

those which I believe existed at Metapontion and Herakleia. 

 If roads and ditches (among other cultural features) likely existed in most 

Italiote territories, then one must seek explanations as to why they are not visible in 

the historical aerial photographs. There are several strong possibilities, which may 

have acted singly or in tandem to create the current situation (the presentation 

follows no particular order of probability): 

• I simply failed to recognize the relevant features. A slower, more painstaking 

examination of the same photos, or an examination by a different person, 

might produce different results. 

• Ancient features in “geometric” arrangements might have been superseded 

by modern features that have overtaken their positions for convenience, 

particularly in the smaller territories (e.g., Terina, Temesa, Medma, Caulonia, 

Locri) where space is at a premium.  

• The Greek features in these territories might be smaller (narrower and 

shallower) than the Metapontine ditches and roads, so that they do not 

appear at the surface with the same clarity and intensity.  

                                                 
1 Strabo 6.1.1. 
2 Sybaris/Thourioi: Osanna (1992)142; Guerricchio and Melidoro (1975); Brückner (1986) 7; 
Cotecchia (1993) 21-49; Verstappen (1977) 583-588; Collin-Bouffier (1994) 325. Croton: 
Abbott (1997) 32, 37, 159-171; Vittorini (1984) 497-503; Osanna (1992) 171. Lower Ionian 
coast: Osanna (1992) 212. Lower Tyrrhenian coast: Verstappen (1977) 583-588; Le Pera and 
Sorriso-Valvo (2000) 279, 290-291; Spadea (1982) 79; Baggioni-Lippmann (1982). 
Poseidonia-Paestum: Alexander and Coppola (1989) 341-361; Cocco and de Magistris 
(1988) 697-702; de Wit/van der Gaag/Sevink (1988) 1614; Pedley (1990) 32-34, 163. 
Cumae: Vallet (1990) 268; Albore Livadie (1990) 274-276. 
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• The general geomorphological instability of southern Italy may have buried 

many Greek features under thick strata of eroded and slumped sediments in 

the low-lying river valleys and coastal plains, while erosion may likewise have 

damaged the features that lay on the terraces and hills above. 

• Since not all of the former Italiote territories became malarial and were 

consequently abandoned after the collapse of Italiote independence (or even 

after the fall of the Roman Empire), as were the territories Metapontion and 

Poseidonia-Paestum, many continued to be cultivated through the Middle 

Ages and beyond, with the result that features of the Greek chorai have 

probably been damaged by centuries of plowing and digging, if not 

intentionally dismantled or buried. 

 

 The solution to the problem will not come from aerial photographs alone. The 

Italiote territories should be investigated systematically with a range of 

archaeological techniques, such as surface survey followed by targeted excavation 

and/or geophysical prospection of representative sites (see below). By now, 

however, 50 years after the discovery of the Metapontine “division lines,” the task of 

identifying the remains of organized Italiote landscapes has been made considerably 

more difficult. Entire localities have been heavily altered by the intensification of 

agricultural activity and development during the past two centuries, and the 20th 

century in particular, which saw the introduction of highly efficient – and 

archaeologically very destructive – mechanized agriculture. Furthermore, many of 

the larger Italiote chorai, such as Poseidonia-Paestum, Croton, and Metapontion, 

figured prominently in the Italian riforma agraria of the 1950s, which expropriated 

vast tracts of underutilized land all over the country (but with particular focus on the 

south, where there were many very large estates), distributed it in parcels to the poor 

and dispossessed, and funded the capillary construction of houses, roads, land-

reclamation systems, and other forms of agricultural infrastructure in order to restore 

the prosperity of the countryside and narrow the gap between latifondista (estate-
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owner) and contadino (peasant) in south Italian society.3 All over southern Italy, and 

most extensively in the areas targeted by the riforma agraria, large expanses have 

been mechanically leveled, excavated, or filled to create fields or provide raw 

materials (dirt, clay, gravel) for the construction industry.4

 The original Greek organization of many south Italian landscapes has 

doubtless been badly damaged, so that the task of the ground-based archaeologist 

has been rendered more difficult. Consequently, the aerial photographic coverages 

of the Second World War and the period immediately following it, as well as the 

German and Allied reconnaissance photography, presciently assembled and 

preserved by Dinu Adamesteanu in the Aerofototeca in Rome for exactly this 

purpose5, will remain the primary tools for investigation of colonial Greek landscape 

organization in southern Italy until the latest techniques in remote sensing are 

applied (see below). 

 

 

III. Directions for Future Research in the Chora of Metapontion 
 

 Until, or unless, traces of Greek landscape organization are discovered in 

other territories, the chora of Metapontion remains the only organized Italiote 

landscape which has produced a significant body of physical evidence, and as such 

it must continue to be the principal object of research for the near future using 

constantly improved methods. Though the analysis of the physical arrangement and 

function of the Metapontine landscape organization elements presented in the 

course of this study is, in my opinion, the best and most accurate one to date, it is 

nevertheless dependent, like its predecessors, on many assumptions that can – and 

                                                 
3 On the riforma agraria in general, see Tauro (1993) 11-25 and McEntire (1970). Much of the 
incentive behind the project came from the industrialized north of Italy, particularly the 
manufacturers of heavy farming equipment like tractors and plows, who saw in the south a 
vast untapped market subsidized by the government. 
4 The effects of rapid mechanization are not to be underestimated: large archaeological sites 
visible in aerial photographic coverages of the early and mid-1950s were completely or 
almost completely invisible in coverages of the late 1950s and early 1960s (see, e.g., Alvisi 
1964). 
5 Adamesteanu (1964). 
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should – be tested rigorously via the collection of new data. The accuracy of the 

measurements, furthermore, can probably be improved through the use of even 

more sophisticated – and consequently more time-consuming – methods that are 

available today. 

 

Arguably the most fundamental of the assumptions to be tested is whether 

the longitudinal landscape organization features truly exist as discontinuous 

segments, as they appear on the marine terraces in the GAI photographs of 1954-

1955. This question is critical for understanding the scale of the drainage and 

irrigation functions proposed in this study, and the conditions in which carefully 

prepared roads were preferred to simple cleared paths for transit within the chora. 

The answer would be best obtained by sampling as many of the gaps between 

segments as possible (i.e., sampling the empty spaces between segments of a 

single longitudinal line, like Bradano-Basento L15), to determine whether or not 

landscape organization elements in fact lie buried beneath the surface in these 

places; the largest gaps might be sampled more than once.  

The most obvious method for answering this question is excavation, but the 

logistics of such an exercise are daunting. The anticipated positions of the features 

can be located relatively easily within a space of approximately 10m in either 

direction (northwest or southeast) with a GPS receiver, using the registered GAI 

photographs as a base-map (see pp. 115-122), but then the excavated trenches 

must be made rather wide in order to intercept the feature fully. The excavation of a 

single trench 1-2m wide and up to ca. 25m long (in the southwest-northeast 

orientation, along the transverse axis) would employ a crew of three or four persons 

(both archaeologists and manual laborers) for a minimum of two days, from initial 

survey to final documentation, so that a sample of even 30 points – probably 

sufficient to answer the question definitively in both halves of the territory – would 

occupy two months. Of course, two teams could accomplish the same task in one 

month. No matter the exact approach, however, excavation would require a relatively 

large amount of time, man-power, and money, which would be spent as both wages 
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and compensation to landowners for the use of the land. Such a project would 

probably require the sponsorship and expertise of more than one entity. 

 

 Fortunately, there are alternative investigative methods which are free of all 

of these disadvantages. Geophysical prospection techniques, in particular 

magnetometry and electrical resistivity/conductivity, are able to “see” into the soil to 

the proper depth (ca. 1m maximum) and offer the best possibility of detecting buried 

anthropic disturbances, such as the landscape organization features (whether 

ditches or roads), by virtue of the different composition and compaction of the natural 

soils and the anthropic features.6 Freed of the massive time-drain of moving dirt, a 

single team of three or four persons could survey two or three locations in a normal 

working day (8 hours) with a single instrument, including downloading and 

processing of the acquired data, or one location per day using both a magnetometer 

and a resistivity/conductivity meter. The same 30 locations therefore could be 

surveyed in as little as 15 days, and in a maximum of 30 days, a considerable 

savings in wages. Geophysical techniques have the additional advantage of being 

non-destructive, so that no funds need be spent in compensating landowners for 

excavated trenches. Though the instruments tend to be expensive (a well-made 

magnetometer or resistivity/conductivity meter costs ca. $15,000), the expense can 

be minimized by renting or borrowing the instruments and processing software for 

the necessary period of time. 

 

A related and equally important question – which “lines” are roads, and which 

are ditches? – perhaps could be answered using the same geophysical techniques, 

depending on whether the composition and compaction of the subsurface strata in 

these two classes of features can be differentiated by the instruments (see 

immediately above). Otherwise, once the features have been located, their 

composition and stratigraphic sequences could be documented by extracting core 

                                                 
6 See Gaffney and Gater (2003) 56-72; Abbott (1998) 499-500. The data from a limited 
magnetometer survey conducted in 1990 to locate tombs of the Pantanello Necropolis 
contained weak anomaly patterns that appeared to coincide with the “Division Line Road” 
(Abbott 1998: 493 and figs. 10.2-10.4). 
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samples, for which a relatively small (ca. 2” diameter) motorized, truck-mounted drill 

would be sufficient in all circumstances except densely packed cobbles. The coring 

operation would require only two persons at most: a driver/drill operator and 

geologist/geomorphologist. If five samples are taken from one lateral edge to the 

other of a given feature (to test for flanking ditches and to construct a stratigraphic 

profile) at a single point (here the shape and function of all features are assumed to 

remain constant from one end of the chora to the other), and if all ca. 60 real and 

potential longitudinal, transverse, and diagonal landscape organization elements are 

sampled, the project might require 20 days (assuming that the two-man team can 

sample and process three features in an 8-hour working day). 

 

 There are two methods to improve the accuracy of the position data for the 

landscape organization features in the GIS, as traced from the registered aerial 

photographs (see pp. 117-118). The first would require an entirely new base 

topographic map of the Metapontino generated in a photogrammetric software 

package using satellite-derived control positions (GPS) for sub-meter horizontal 

precision, on an advanced geodetic standard such as WGS 1984 (see pp. 115-116 

Note 56). The features of the modern landscape could be traced either from current 

high-resolution satellite imagery (such as IKONOS or QuickBird) or, if an older 

landscape is desired, from the GAI aerial photographs. From this new map a highly 

accurate digital elevation model (DEM) of the Metapontino could be created by 

interpolation or interferometry, one that would represent a significant improvement 

over even the ASTER-derived DEM I have used, with its 15m/px resolution. This new 

DEM could be used in turn to re-register the GAI photographs with a more advanced 

and accurate method, orthoregistration, that removes the optical distortion in aerial 

photographs caused by relief and thereby reduces RMS errors to near zero (see pp. 

120-121). 

Since such a map is not likely to be produced in the near future – the cost in 

terms of time, effort, and expense would be significant, and the E.S.A.C.T.A. map is 

still accurate enough for most uses – a more cost-effective alternative should be 

attempted. Even a simple geophysical prospection project along the lines of the one 
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described above could improve the accuracy of the positions of the longitudinal 

landscape organization elements. Each visible segment could be surveyed at or near 

both of its end-points. As long as the survey grid at each location is accurately 

positioned by marking all four corners with a GPS receiver, the horizontal position of 

each feature in the GIS can be updated to its true position, with an accuracy of ca. 

1m (differential correction is assumed7), by (1) registering the interpretive images 

produced by the geophysical processing software to the GPS-determined corner 

points, (2) displaying the registered geophysical images in the GIS, and then (3) 

manually manipulating the segments of the various landscape organization features 

so that they coincide with their positions in the registered images. 

Such a geophysical survey of all ca. 140 segments between Bradano and 

Cavone would occupy a team of 3-4 persons for as many as 70 days – a large 

investment in time and resources – but the results would be significantly better than 

any obtained in the past, and they could be considered a definitive solution for the 

issues of interval distance between segments and absolute segment orientation. 

 

Geophysical prospection is therefore a particularly exciting approach because 

a single, well-planned and -coordinated project lasting all or part of one summer has 

the potential to help resolve all three major questions about the landscape 

organization features: (1) continuity across the landscape (or not), (2) form and 

function of individual features, and (3) their exact locations on the ground, which 

would in turn reveal the exact distances between features and their exact 

orientations. If such a geophysical prospection were to prove so fruitful, its results 

could be integrated with the published results of the ICA surface survey, which will 

document in detail the positions of farmhouses, tombs, sanctuaries, and industrial 

                                                 
7 Differential correction is a procedure for increasing the accuracy of basic GPS data, which is 
generally accurate to ca. 10m, to approximately 1m or less. In differential correction every 
position recorded by the roving GPS receiver is compared to the position, at the exact same 
moment in time, of another, stationary GPS receiver (“base station”) set up at a nearby 
location for which the geographic coordinates have already been determined with very high 
precision by traditional geodetic and/or satellite surveying techniques. The base station’s 
position error (distance and direction), once calculated, is then applied to the rover’s position. 
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facilities.8 The combination of these two datasets would create the fullest possible 

picture of how the territory functioned in the colonial period. 

I intend to test the feasibility of geophysical prospection for detecting the 

landscape organization features as soon as possible, by performing a pilot 

magnetometer survey of selected features between Bradano and Basento in summer 

2006 using ICA’s Geoscan Research FM-36 fluxgate gradiometer, as part of regular 

ICA-sponsored fieldwork at Metaponto. I hope to be able to perform a second pilot 

survey, in the same area, using ICA’s Geoscan Research RM-15 electrical resistivity 

meter at the same time. 

 

Infrared imagery, finally, also has the potential to reveal the positions, 

orientations, and even structure/function of landscape organization features and 

therefore should be incorporated into the next phase of study. An infrared aerial 

photographic coverage of the Metapontino taken in 1989 is available at the Istituto 

Geografico Militare in Florence, for example; copies of the individual photographs 

can be purchased from the IGM at a moderate cost. I wished to consult this coverage 

for this study but did not have time to do so. 

Much better sources of infrared data are multi-spectral and hyper-spectral 

sensors, such as the Daedalus and MIVIS, which are typically mounted on civil 

aircraft and flown at low altitudes. These instruments measure and record 

electromagnetic radiation reflected from the Earth’s surface in multiple parts of the 

spectrum, from ultraviolet to infrared; when synchronized in-flight with a GPS 

receiver and gyroscope, these sensors provide large-scale coverages that can be 

geometrically rectified with relative ease. Although the costs of such instrument 

flights (aircraft and sensor rental, flight-crew and processing-crew wages) continue to 

decrease, they are still considerable: a mission to generate a coverage of an area 

the size of the Metapontino, ca. 20 x 20km, today might cost a minimum of ca. 

$70,000. Nevertheless I expect that, even if no private or public entity is willing to pay 

for the creation of a multi- or hyper-spectral dataset over the Metapontino in the 
                                                 
8 Carter and Prieto (forthcoming), to appear in 2006, and the second planned volume, The 
Chora of Metaponto: Archaeological Field Survey II. Basento to Cavone, which will be 
published soon thereafter. 
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immediate future (next 5-10 years), one day the costs of using these instruments will 

be so low that the Italian government, perhaps through one of its agencies with a 

geospatial competence such as the IGM or the Agenzia per la Protezione 

dell’Ambiente e per i Servizi Tecnici (APAT), will acquire a multi-/hyper-spectral 

coverage of the entire national territory as part of a fully digital public geospatial 

inventory project – an updated version of the GAI aerial photographic series that has 

inspired research into ancient Italian landscapes for half a century (see section 1.V, 

pp. 28-42). 

 

As the preceding discussion implies, the methods and tools of landscape 

archaeology are evolving rapidly. The Earth’s landmasses are now constantly 

imaged by sophisticated satellites with ever sharper resolution and greater geometric 

accuracy. A vast array of digital electromagnetic sensors has been created to 

monitor environmental conditions on the surface and map geological phenomena 

beneath it. Radar and lidar (light detection and ranging) signals can be used to 

generate DEMs of the surface at resolutions ranging from ca. 100m/pixel to 

1cm/pixel. The Global Positioning System and laser range-finding permit the 

measurement of distances and positions to the centimeter, a precision unthinkable a 

generation ago. 

Because of increasing demand among governmental and academic users 

around the world, these forms of information are now routinely formatted for 

distribution and management via Geographic Information Systems packages, which 

are becoming ever more standardized and interoperable with each other and with 

other types of software. As the costs of geospatial data, hardware, and software 

continue to decline thanks to this rising demand, and as the technical expertise 

required to use them becomes increasingly available, the next generation of 

topographers and archaeologists will possess better resources with which to re-

examine the other colonial Greek territories of southern Italy. I hope very much to be 

a part of that process. 
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Figure 1.1. Map of southern Italy showing the principal Greek settlements.
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Figure 1.2. Plan of the “division lines” between Bradano and Basento according to 
Schmiedt and Chevallier (adapted from Schmiedt and Chevallier 1959: 1003 fig. 4).
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Figure 1.3. Plan of the “division lines” between Basento and Cavone according to 
Schmiedt and Chevallier (adapted from Schmiedt and Chevallier 1959: 1011 fig. 9).
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Figure 1.4. Map of the Metapontino with sites, localities, and other features 
mentioned in the study.
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Figure 1.5. Plan of the “division lines” between Bradano and Basento according to 
Uggeri (adapted from Uggeri 1969: 55).
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Figure 1.6. Plan of the “division lines” between Bradano and Basento according to 
Vatin (adapted from Adamesteanu and Vatin 1976: 121 fig. 2).
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Figure 1.7. Plan of the “division lines” between Bradano and Basento according to 
Guy (adapted from Guy 1995: 435 fig. 4b).
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Figure 1.8. Plan of the Pantanello Necropolis (Carter 1998c: 162 fig. 5A.7, 
reproduced with permission).
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Figure 1.9. Archaeological features in the Azienda Pantanello (Carter 1998a: 52-53 
fig. 2.21, reproduced with permission).
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Figure 1.10.  Plan of the 1999 ICA-Soprintendenza excavations at Pizzica 
(Carter 1999: 33 fig. 39, reproduced with permission).
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Figure 1.11. Section of Herakleia Tablet I (photograph by the author).
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Figure 1.12. Possible ancient linear features in the chora of Poseidonia-Paestum 
(Aerofototeca Neg. No. 2442, AM).
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Figure 1.13. Possible ancient linear features in the chora of Poseidonia-Paestum 
(Aerofototeca Neg. No. 182221, GAI).
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Figure 1.14. Possible ancient linear features in the chora of Poseidonia-Paestum 
(Aerofototeca Pos. No. 113, unknown series).
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Figure 1.15. Possible ancient linear features in the chora of Taras (Aerofototeca 
Neg. No. 208874, GAI).
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Figure 2.1. Section through the Pantanello “division line” (Carter 1998a: 44 fig. 2.17, 
reproduced with permission).

Figure 2.2. Section through the “Basento Road” at Pantanello east of the Crossroads 
(Carter 1998a: 34-35 fig. 2.6, reproduced with permission).

Figure 2.3. Section through the “Basento Road” at Pantanello immediately west of 
the Crossroads (Carter 1998a: 36-37 fig. 2.8, reproduced with permission).
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Figure 2.4. Section through the longitudinal “division line” at Pizzica (Carter 1999: 28 
fig. 31, reproduced with permission).

Figure 2.5. Intersection of the longitudinal and transverse “division lines” at Pizzica, 
with the Archaic conglomerate quarry visible in the foreground (Carter 1999: 33 fig. 
38, reproduced with permission).
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Figure 3.1. Several “division lines” visible in the chora of Metapontion between 
Bradano and Basento (Aerofototeca Neg. No. 31660, GAI).
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Figure 3.2. Plan of “division line” features between Bradano and Basento.



219

Figure 3.3. Plan of “division line” features between Basento and Cavone.
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Figure 3.4. “Division line” features between Bradano and Basento: segment 
orientations.
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Figure 3.5. “Division line” features between Basento and Cavone: segment 
orientations.
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Figure 3.6. “Division line” features and ancient roads in the chora of Metapontion.
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Figure 3.7. “Division line” features between Bradano and Basento: view from L15a 
towards L15f (cf. Figure 3.2).
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Figure 3.8. “Division line” features between Bradano and Basento: classification of 
segments by orientation (Jenks/natural break method, 30 classes).
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Figure 3.9. “Division line” features between Bradano and Basento: classification of 
segments by orientation (Jenks/natural break method, 30 classes), with nine furthest 
outlying cases indicated (in purple).
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Figure 3.10. “Division line” features between Basento and Cavone: classification of 
segments by orientation (Jenks/natural break method, 30 classes).
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Figure 3.11. “Division line” features between Bradano and Basento: classification of 
interval distances by length (Jenks/natural break method, 4 classes).
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Figure 3.12. “Division line” features between Basento and Cavone: classification of 
interval distances by length (Jenks/natural break method, 3 classes).
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Figure 3.13. “Division line” features between Basento and Cavone: classification of 
interval distances by length (Jenks/natural break method, 5 classes).
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Figure 3.14b. Three-dimensional GIS view of slope of marine terraces north of 
Cavone valley using ASTER-derived DEM (5x vertical exaggeration), looking 
northeast.

Figure 3.14a. Ground-level view of slope of marine terraces south of Cavone valley, 
looking southwest (photograph by the author).
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Figure 3.15 (left). Slope of the marine terraces between Bradano and Basento: 
longitudinal (NW-SE) section through ASTER-derived DEM.

Figure 3.16 (center and right). Slope of the marine terraces between Bradano 
and Basento: transverse (SW-NE) sections through ASTER-derived DEM.
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Figure 3.17. Aspect of the Metapontino between Bradano and Basento, with “division 
line” features.



233

Figure 4.1. Aerial photograph over Metapontion showing ancient coast and coastal 
dunes (Aerofototeca Neg. No. 79407, unknown series).
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Figure 4.2. Excavation trenches at the Pantanello Sanctuary (chora of 
Metapontion) filled with water from the spring (photograph courtesy of 
ICA, reproduced with permission).
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Figure 4.3. “Division line” features between Bradano and Basento: expected direction 
of water-flow through ditches.



Appendix A: The Herakleia Tablets (IG XIV.645), with an 
Original English Translation by the Author 

 
 

Ι 
 

ἔφορος Ἀρίσταρχος Hηρακλείδα· μὴς 
Ἀπελλαῖος· α πόλις καὶ τοὶ ὀρισταί· 
<Ϝε> τρίπους Φιλώνυμος Ζωπυρίσκω, 
<πε> καρυκεῖον Ἀπολλώνιος Hηρακλήτω, 
5 
<αι> πέλτα ∆άζιμος Πύρρω, <κν> θρῖναξ 
Φιλώτας Hιστιείω, <με> ἐπιστύλιον 
Hηρακλείδας Ζωπύρω. ∆ιονύσωι. 
ἀνέγραψαν τοὶ ὀρισταὶ τοὶ Ηαιρεθέντες ἐπὶ τὼς χώρως τὼς  ιαρὼς τὼς τῶ  ∆ιονύσω 
Φιλώνυμος Ζωπυρίσκω, Ἀπολλώνιος Ηηρακλήτω, ∆άζιμος Πύρρω, Φιλώτας Ηιστιείω, 
10 
Ηηρακλείδας Ζωπύρω, καθ᾽ ἃ <ὠρ>ίξαν καὶ ἐτερμάξαν καὶ συνεμετρήσαν καὶ ἐμερί- 
ξαν τῶν Ηηρακλείων δια<γ>νόντων ἐν κατακλήτωι ἀλίαι. συνεμετρήσαμες δὲ ἀρξαμέ- 
νοι ἀπὸ τῶ ἀντόμω τῶ Ηυπὲρ Πανδοσίας ἄγοντος τῶ διατάμνοντος τώς τε Ηιαρὼς χώ- 
ρως καὶ τὰν Ϝιδίαν γᾶν ἐπὶ τὸν ἄντομον τὸν ὀρίζοντα τώς τε τῶ ∆ιονύσω χώρως καὶ 
τὸν Κωνέας Ηο ∆ίωνος ἐπαμώχη. κατετάμομες δὲ μερίδας τετόρας· 
15 
τὰν μὲν πράταν μερίδα ἀπὸ τῶ ἀντόμω τῶ πὰρ τὰ  ηρώιδεια ἄγοντος 
εὖρος ποτὶ τὰν τριακοντάπεδον τὰν διὰ τῶν Ηιαρῶν χώρων ἄγωσαν, 
μᾶκος δὲ ἄνωθα ἀπὸ τᾶν ἀποροᾶν ἄχρι ἐς ποταμὸν τὸν Ἄκιριν, καὶ 
ἐγένοντο μετριωμέναι ἐν ταύται τᾶι μερείαι ἐρρηγείας μὲν δι- 
ακατίαι μία σχοίνοι, σκίρω δὲ καὶ ἀρρήκτω καὶ δρυμῶ Ϝεξακατίαι 
20 

τετρώκοντα Ϝὲξ σχοίνοι Ηημίσχοινον· τὰν δὲ δευτέραν μερίδα εὖρος ἀπὸ 
τᾶς τριακονταπέδω ἐπὶ τὸν ἄντομον τὸν πρᾶτον, μᾶκος δὲ ἀπὸ τᾶν 
ἀποροᾶν ἄχρι ἐς ποταμόν, καὶ ἐγένοντο μετριωμέναι ἐν ταύται τᾶι με- 
ρείαι ἐρρηγείας μὲν διακατίαι Ηεβδεμήκοντα τρῖς σχοίνοι, σκίρω δὲ 
καὶ ἀρρήκτω καὶ δρυμῶ πεντακατίαι σχοίνοι. 
25 
τὰν δὲ τρίταν μερίδα εὖρος ἀπὸ τῶ ἀντόμω τῶ πράτω τῶ πὰρ τὰν τρι- 
ακοντάπεδον ἄγοντος ἐπὶ τὸν ἄντομον τὸν δεύτερον ἀπὸ τᾶς τρια- 
κονταπέδω μᾶκος ἀπὸ τᾶν ἀποροᾶν ἄχρι ἐς ποταμὸν καὶ ἐγέ- 
νοντο μετριωμέναι ἐν ταύται τᾶι μερείαι ἐρρηγείας μὲν τριακατίαι 
δέκα δύο σχοίνοι Ηημίσχοινον, σκίρω δὲ καὶ ἀρρήκτω καὶ δρυμῶ πεντα- 
30 
κατίαι τριάκοντα Ηεπτὰ Ηημίσχοινον. τὰν δὲ τετάρταν μερίδα εὖρος ἀπὸ 
τῶ ἀντόμω τῶ δευτέρω ἀπὸ τᾶς τριακονταπέδω ἐπὶ τὸν ἄντομον τὸν 
ὀρίζοντα τάν τε Ηιαρὰν καὶ τὰν Ϝιδίαν γᾶν, μᾶκος δὲ ἀπὸ τᾶν ἀποροᾶν 
ἄχρι ἐς ποταμόν, καὶ ἐγένοντο μετριωμέναι ἐν ταύται τᾶι μερείαι ἐρρη- 
γείας μὲν τριακατίαι Ηοκτὼ σχοίνοι Ηημίσχοινον, σκίρω δὲ καὶ ἀρρήκτω 
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35 
καὶ δρυμῶ πεντακατίαι τετρώκοντα μία Ηημίσχοινον. 
κεφαλὰ πάσας ἐρρηγείας χιλίαι Ηενενήκοντα πέντε σχοίνοι, σκί- 
ρω δὲ καὶ ἀρρήκτω καὶ δρυμῶ δισχιλίαι διακατίαι Ϝίκατι πέντε· 
τὰν δὲ νᾶσον τὰν ποτιγεγενημέναν ἐς τὰν ἄρρηκτον γᾶν συνεμε- 
τρήσαμες. ἀπὸ ταύτας τᾶς γᾶς ἀπολώλη ἐρρηγείας μὲν τριακατίαι 
40 
τρῖς σχοίνοι Ηημίσχοινον, σκίρω δὲ καὶ ἀρρήκτω καὶ δρυμῶ τετρα- 
κοσίαι τριάκοντα πέντα σχοίνοι, ἐμμὲν τᾶι πράται μερείαι τᾶι 
πὰρ τὰ Ηηρώιδεια ἐρρηγείας μὲν Ηεβδεμήκοντα Ϝὲξ σχοίνοι, σκί- 
ρω δὲ καὶ ἀρρήκτω καὶ δρυμῶ Ηεκατὸν Ηογδοήκοντα πέντε σχοί- 
νοι, ἐν δὲ τᾶι τετάρται μερείαι τᾶι πὰρ τὰ Φιντία ἐρρηγείας μὲν 
45 

διακατίαι Ϝίκατι Ηεπτὰ σχοίνοι Ηημίσχοινον, σκίρω δὲ καὶ ἀρρή- 
κτω καὶ δρυμῶ διακατίαι πεντήκοντα σχοίνοι. κεφαλὰ πά- 
σας γᾶς Ηᾶς κατεσώισαμες τῶι ∆ιονύσωι Ηεπτακατίαι τριά- 
κοντα Ηοκτὼ σχοίνοι Ηημίσχοινον· ταύταν τὰν γᾶν κατεσώισα- 
μες ἐγδικαξαμένοι δίκας τριακοσταίας τοῖς τὰν Ηιαρὰν γᾶν Ϝι- 
50 
δίαν ποϊόντασσιν. Ηαύτα ἐμισθώθη <Η>α γᾶ κατὰ βίω [ὅσσα]ν Η[α]- 
μὲς κατεσώισαμες τριακατίων μεδίμνων τὸ Ϝέτος Ηέκαστον, 
Ηα δὲ πᾶσα γᾶ Ηα τῶ ∆ιονύσω τετρακατίων δέκα μεδίμνων, κάδ- 
διχος τὸ Ϝέτος Ηέκαστον. ἐστάσαμες δὲ καὶ ὄρως ἐπὶ μὲν τᾶς 
πλευριάδος ἄνω Ηένα μὲν ἐπὶ τῶ ἀντόμω τῶ πὰρ Πανδοσίαν 
55 

τῶ πὰρ τὰ Ηηρώιδεια τῶ ὀρίζοντος τάν τε Ηιαρὰν γᾶν καὶ τὰν Ϝιδίαν, 
ἀνχωριξάντες ἀπὸ τᾶν ἀποροᾶν ἐς τὰν Ϝιδίαν γᾶν, Ηως μὴ καταλυ- 
μακωθὴς ἀδηλωθείη καθὼς τοὶ ἔμπροσθα ὄροι, ἄλλον δὲ ἐπὶ τῶ ἀν- 
τόμω τῶ πὰρ τὰ Φιντία ἄγοντος ἐστάσαμες πὰρ τὰν βυβλίαν καὶ 
τὰν διώρυγα, ἀνχωριξάντες Ηωσαύτως ἐς τὰν Ϝιδίαν γᾶν {ταν}· ἄλ- 
60 
λως δὲ ἀντόρως τούτοις ἐστάσαμες ἐπὶ τᾶς ἀμαξιτῶ τᾶς διὰ τῶ χα- 
ράδεος ἀγώσας τᾶς πὰρ τὸν δρυμόν, τὰς μὲν στάλας ἐς τὰν Ηιαρὰν 
γᾶν, τὼς δὲ ἀντόρως ἐς τὰν Ϝιδίαν γᾶν, καταλιπόντες Ϝικατίπεδον 
ἄντομον· ἐστάσαμες δὲ καὶ μεσσόρως δύο μὲν ἐπὶ τᾶς Ηοδῶ τᾶς 
ἀγώσας ἔκ τε πόλιος καὶ ἐκ Πανδοσίας διὰ τῶν Ηιαρῶν χώρων, δύο 
65 
δὲ ἐν ταῖς Ηακροσκιρίαις· τούτως πάντας ἂν εὐθυωρείαν Ηομολό- 
γως ἀλλάλοις, τὼς μὲν ἐς τὸ Ηιαρὸν πλάγος τῶ ἀντόμω ἐπιγε- 
γραμμένως Ηιαρὼς ∆ιονύσω χώρων, τὼς δὲ ἐν τᾶι Ϝιδίαι γᾶι ἐπι- 
γεγραμμένως ἀντόρως. Ηωσαύτως δὲ καὶ ἐπὶ τῶ ἀντόμω τῶ 
πὰρ τὰ Φιντία ἄγοντος ἐστάσαμες μεσσόρως, δύο μὲν ἐπὶ 
70 
τᾶς Ηοδῶ τᾶς ἐκ πόλιος καὶ ἐκ Πανδοσίας ἀγώσας διὰ τῶν 
Ηιαρῶν χώρων, δύο δὲ ἐπὶ τᾶν Ηακροσκιριᾶν πὰρ τὰς τυρείας· 
τούτως πάντας Ηομολόγως ἂν εὐθυωρείαν τοῖς ἐπὶ τᾶς Ηοδῶ 
τᾶς διὰ τῶ χαράδεος ἀγώσας πὰρ τὸν δρυμόν, τὼς μὲν ἐς τὸ Ηιαρὸν 
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πλάγος ἐπιγεγραμμένως Ηιαρὼς ∆ιονύσω χώρων, τὼς δὲ ἐς τὰν Ϝιδί- 
75 
αν γᾶν ἐπιγεγραμμένως ἀντόρως ἀπεχόντας ἀπ᾽ ἀλλάλων Ηως ἦ 
μεν Ϝικατίπεδον ἄντομον· ἐπὶ δὲ τᾶς τριακονταπέδω τᾶς διὰ τῶν Ηι- 
αρῶν χώρων ἀγώσας ἐπὶ μὲν τᾶς πλευριάδος ἄνω δύο ἀπέχοντας ἀπ᾽ ἀλ- 
λάλων τριάκοντα πόδας, ἄλλως δὲ ἀντόρως τούτοις ἐπάξαμες πὰρ 
τὰν Ηοδὸν τὰν πὰρ τὸν δρυμὸν ἄγωσαν δύο ἀπεχόντας ἀπ᾽ ἀλλάλων 
80 
τριάκοντα πόδας· ἐν δὲ μέσσωι τῶι χώρωι ἐπὶ τᾶς τριακονταπέδω τε- 
τόρας ἀπεχόντας ἀπ᾽ ἀλλάλων Ηᾶι μὲν τριάκοντα πόδας, Ηᾶι δὲ Ϝίκα- 
τι· ἐπὶ δὲ τῶ ἀντόμω τῶ πὰρ τὰν τριακοντάπεδον δύο ἀπεχόντας ἀπ᾽ ἀλ- 
λάλων Ϝίκατι πόδας, καὶ ἄλλως ἐπὶ τῶ δευτέρω ἀντόμω ἀπεχόντας 
ἀπ᾽ ἀλλάλων Ϝίκατι πόδας· τούτως πάντας ἀνεπιγρόφως ὀριζόντας 
85 
τὰς μερείας τὰς ποτ᾽ ἀλλάλως τοῖς μεμισθωμένοις τὼς Ηιαρὼς χώ- 
ρως. τὼς δὲ πάντας χώρως τὼς τῶ ∆ιονύσω τερμάζοντι τοὶ {τε} ἀντόμοι 
Ηό τε πὰρ τὰ Ηηρώιδεια ἄγων καὶ Ηο πὰρ τὰ Φιντία ἀπὸ τᾶν ἀποροᾶν ἄνω- 
θα ἄχρι ἐς ποταμὸν τὸν Ἄκιριν. ἀριθμὸς ὄρων τῶν ἐστάσαμες τῶν μὲν 
ἐπὶ τῶ ἀντόμω τῶ πὰρ τὰ Ηηρώιδεια Ηεπτὰ σὺν τῶι ἐπὶ τᾶς πλευριάδος, 
90 
ἐπὶ δὲ τᾶς τριακονταπέδω Ηοκτὼ σὺν τῶι τετρώρωι, ἐπὶ δὲ τῶ ἀντόμω 
τῶ τε πὰρ τὰν τριακοντάπεδον καὶ τῶ ἐχομένω δύο ἐφ᾽ ἑκατέρω, ἐπὶ δὲ τῶ 
πὰρ τὰ Φιντία Ηεπτὰ σὺν τῶι πὰρ τὰν βυβλίναν μασχάλαν καὶ πὰρ τὰν δι- 
ώρυγα. 
                                    συνθήκα ∆ιονύσω χώρων.  
95 
ἐπὶ ἐφόρω Ἀριστίωνος, μηνὸς Ἀπελλαίω, Ηα πόλις καὶ τοὶ πολιανόμοι <ας> βότρυς Τίμαρ- 
χος Νίκωνος, <Ϝε> ἄνθεμον Ἀπολλώνιος Ἀπολλωνίω καὶ τοὶ ὀρισταὶ <Ϝε> τρίπους Φιλώνυ- 
μος Ζωπυρίσκω, <πε> καρυκεῖον Ἀπολλώνιος Ηηρακλήτω, <αι> πέλτα ∆άζιμος Πύρρω, 
<κν> θρῖναξ Φιλώτας Ηιστιείω, <με> ἐπιστύλιον Ηηρακλείδας Ζωπύρω μισθῶντι τὼς Ηι- 
αρὼς χώρως τὼς τῶ ∆ιονύσω ἐχόντας Ηως ἔχοντι κατὰ βίω, καθὰ τοὶ Ηηρακλείοι διέ- 
100 
γνον· τοὶ δὲ μισθωσαμένοι καρπευσόνται τὸν ἀεὶ χρόνον, Ηᾶς κα πρωγγύως ποτάγων- 
τι καὶ τὸ μίσθωμα ἀποδιδῶντι πὰρ Ϝέτος ἀεὶ Πανάμω μηνὸς προτερείαι· καὶ <αἴ> κ᾽ ἔμπροσθα 
ἀποδίνωντι, ἀπαξόντι ἐς τὸν δαμόσιον ῥογὸν καὶ παρμετρησόντι τοῖς σιταγέρταις τοῖς 
ἐπὶ τῶν Ϝετέων τῶι δαμοσίωι χοὶ μεστὼς τὼς χοῦς κριθᾶς κοθαρᾶς δοκίμας, Ηοίας κα Ηα γᾶ 
φέρει· ποταξόντι δὲ πρωγγύως τοῖς πολιανόμοις τοῖς ἀεὶ ἐπὶ τῶν Ϝετέων ἔντασσιν πὰρ 
105 
πενταΗετηρίδα Ηώς κα ἐθέλοντες τοὶ πολιανόμοι δεκώνται, καὶ αἴ τινί κα ἄλλωι 
παρδῶντι τὰν γᾶν, Ηάν κα αὐτοὶ μεμισθωσώνται, ἢ ἀρτύσωντι ἢ ἀποδώνται τὰν 
ἐπικαρπίαν, ἂν αὐτὰ τὰ παρΗεξόνται πρωγγύως Ηοι παρλαβόντες ἢ Ηοῖς κ᾽ ἀρτύσει ἢ Ηοι  

πρι- 
αμένοι τὰν ἐπικαρπίαν, ἂν Ηὰ καὶ Ηο ἐξ ἀρχᾶς μεμισθωμένος· Ηόστις δὲ κα μὴ ποτάγει  

πρωγγύ- 
ως ἢ μὴ τὸ μίσθωμα ἀποδιδῶι κὰτ τὰ γεγραμμένα, τό τε μίσθωμα διπλεῖ ἀποτεισεῖ τὸ ἐπὶ τῶ 

Ϝέ- 
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110 

τεος καὶ τὸ ἀμπώλημα τοῖς τε πολιανόμοις καὶ τοῖς σιταγέρταις τοῖς ἀεὶ ἐπὶ τῶ Ϝέτεος, 
Ηόσσωι κα 

μείονος ἀμμισθωθῆ πὰρ πέντε Ϝέτη τὰ πρᾶτα, Ηότι κα τελέθει ψαφισθὲν Ηάμα πᾶν τῶι 
πράτωι 

μισθώματι καὶ τὰ ἐν τᾶι γᾶι πεφυτευμένα καὶ οἰκοδομημένα πάντα τᾶς πόλιος ἐσσόνται. 
ἐργαξόν 

ται δὲ κὰτ τάδε· Ηο μὲν τὸν πρᾶτον χῶρον μισθωσάμενος τὸν πὰρ τὸν ἄντομον τὸν Ηυπὲρ 
Πανδοσί- 

ας ἄγοντα τὸν πὰρ τὰ Ηηρώιδα ἄχρι τᾶς τριακονταπέδω ἀμπέλων μὲν φυτευσεῖ μὴ μεῖον ἢ 
δέκα 

115 
σχοίνως, ἐλαιᾶν δὲ φυτὰ ἐμβαλεῖ ἐς τὰν σχοῖνον Ηεκάσταν μὴ μεῖον ἢ τετόρας ἐς τὰν 
δυνατὰν γᾶν ἐλαίας ἔχεν· αἰ δέ κα μὴ φᾶντι τοὶ μεμισθωμένοι δυνατὰν ἦμεν ἐλαίας ἔ- 
χεν, τοὶ πολιανόμοι τοὶ ἀεὶ ἐπὶ τῶν Ϝετέων ἔντες καὶ αἴ τινάς κα ἄλλως τοὶ πολιανόμοι  

ποθε- 
λώνται ἀπὸ τῶ δάμω, ὀμοσάντες δοκιμαξόντι καὶ ἀνανγελίοντι ἐν ἀλίαι θασαμένοι τὰν 
γᾶν πὸτ τὰν τῶν ἐπιχωρίων· ἐπιμελησόνται δὲ καὶ τῶν Ηυπαρχόντων δενδρέων· αἰ δέ τινά 

κα 
120 
γήραι ἢ ἀνέμωι ἐκπέτωντι, αὐτοὶ Ηεξόντι· ταῦτα δὲ πάντα πεφυτευμένα παρεξόντι καὶ ἐνδε- 
διωκότα Ηόσσα ἐν τᾶι συνθήκαι γεγραψάται ἐν τῶι πέμπτωι καὶ δεκάτωι Ϝέτει ἀπὸ τῶ 

ποτεχεῖ Ϝέ- 
τεος ἢ Ἀριστίων ἐφορεύει· αἰ δέ κα μὴ πεφυτεύκωντι κὰτ τὰ γεγραμμένα, κατεδικάσθεν πὰρ 

μὲν τὰν 
ἐλαίαν δέκα νόμως ἀργυρίω πὰρ τὸ φυτὸν Ηέκαστον, πὰρ δὲ τὰς ἀμπέλως δύο μνᾶς ἀργυρίω 

πὰρ τὰν 
σχοῖνον Ηεκάσταν· τὼς δὲ πολιανόμως τὼς ἐπὶ τῶ Ϝέτεος ποθελομένως μετ᾽ αὐτὸς αὐτῶν 

ἀπὸ τῶ 
125 
δάμω μὴ μεῖον ἢ δέκα ἄνδρας ἀμφιστάσθαι, ἤ κα πεφυτεύκωντι πάντα κὰτ τὰν συνθήκαν, 
καὶ τὼς πεφυτευκότας ἀνγράψαι ἐς δόγμα, ἀνγράφεν δὲ Ηόσσα κα πεφυτεύκωντι, ἂν αὐτὰ 

δὲ τὰ 
καὶ εἴ τινές κα μὴ πεφυτεύκωντι κὰτ τὰν συνθήκαν, ἀνγραψάντω καὶ ἐπελάσθω τὰ ἐπιζάμι- 
α τὰ γεγραμμένα πὸτ τῶι ἄλλωι μισθώματι· αἰ δέ τίς κα ἐπιβῆι ἢ νέμει ἢ φέρει τι τῶν ἐν τᾶι 

Ηιαρᾶι 
γᾶι ἢ τῶν δενδρέων τι κόπτηι ἢ θραύηι ἢ πριῶι ἢ ἄλλο τι σινήται, Ηο μεμισθωμένος 

ἐγδικαξή- 
130 
ται Ηως πολίστων, καὶ Ηότι κα λάβει αὐτὸς Ηεξεῖ. τὰς δὲ τράφως τὰς διὰ τῶν χώρων 

ῥεώσας καὶ 
τὼς ῥόως οὐ κατασκαψόντι οὐδὲ διασκαψόντι τῶι Ηύδατι οὐδὲ ἐφερξόντι τὸ Ηύδωρ οὐδ᾽ 

ἀφερξόν- 
τι, ἀνκοθαρίοντι δὲ Ηοσσάκις κα δεώνται τὰ πὰρ τὰ αὐτῶν χωρία ῥέοντα οὐδὲ τὰς Ηοδὼς 

τὰς ἀπο- 
δεδειγμένας ἀρασόντι οὐδὲ συνΗερξόντι οὐδὲ κωλυσόντι πορεύεσθαι· Ηότι δέ κα τούτων τι  

ποΐ- 
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ωντι πὰρ τὰν συνθήκαν, τοὶ πολιανόμοι τοὶ ἀὲς ἐπὶ τῶ Ϝέτεος ἐπικαταβα<λί>οντι καὶ 
ζαμιωσόντι 

135 
ἄχρι Ηῶ κα ἀφομοιώσωντι κὰτ τὰν συνθήκαν· οὐ κοψεῖ δὲ τῶν δενδρέων οὐδὲ θραυσεῖ οὐδὲ 

πριωσεῖ 
οὐδὲ Ηῆς οὐδὲ Ηὲν οὐδὲ ἄλλος τήνωι, οὐδὲ γαιῶνας θησεῖ πὰρ τὼς Ηυπαρχόντας οὐδὲ 

σαρμευσεῖ, 
αἰ μὴ Ηόσσα κα ἐν αὐτᾶι τᾶι γᾶι Ηᾶι μεμισθώται οἰκοδομήται, οὐδὲ τοφιώνας ἐν τᾶι Ηιαρᾶι 

γᾶι ποιησεῖ 
οὐδὲ ἄλλον ἐασεῖ· αἰ δὲ μή, Ηυπόλογος ἐσσήται Ηως τὰν Ηιαρὰν γᾶν ἀδικίων. 

οἰκοδομησήται δὲ καὶ οἰ- 
κίαν ἐν τοῖς χώροις τούτοις, βοῶνα, μυχόν, ἀχύριον· τὸν μὲν βοῶνα τὸ μὲν μᾶκος Ϝίκατι  

καὶ δυῶν πο- 
140 
δῶν, τὸ δὲ εὖρος Ηοκτὼ καὶ δέκα ποδῶν, τὸν δὲ ἀχύριον μὴ μεῖον τὸ μὲν μᾶκος Ηοκτὼ καὶ 

δέκα ποδῶν, 
τὸ δὲ εὖρος πέντε καὶ δέκα ποδῶν, τὸν δὲ μυχὸν πέντε καὶ δέκα ποδῶν παντᾶι· ταῦτα δὲ 

παρεξόντι οἰκο- 
δομημένα καὶ στεγόμενα καὶ τεθυρωμένα ἐν τοῖς χρόνοις ἐν Ηοῖς καὶ τὰ δένδρεα δεῖ 

πεφυτευκῆμεν· αἰ 
δὲ μή, κατεδικάσθεν πὰρ μὲν τὸν βοῶνα Ϝὲξ μνᾶς ἀργυρίω, πὰρ δὲ τὸν ἀχύριον τετόρας 

μνᾶς ἀργυρίω, 
πὰρ δὲ τὸν μυχὸν τρῖς μνᾶς ἀργυρίω· τῶν δὲ ξύλων τῶν ἐν τοῖς δρυμοῖς οὐδὲ τῶν ἐν τοῖς 

σκίροις οὐ πωλη- 
145 
σόντι οὐδὲ κοψόντι οὐδὲ ἐμπρησόντι οὐδὲ ἄλλον ἐασόντι· αἰ δὲ μή, Ηυπόλογοι ἐσσόνται κὰτ 

τὰς ῥήτρας 
καὶ κὰτ τὰν συνθήκαν. ἐς δὲ τὰ ἐποίκια χρησόνται ξύλοις ἐς τὰν οἰκοδομὰν Ηοῖς κα 

δηλώνται καὶ ἐς τὰς 
ἀμπέλως· τῶν δὲ ξηρῶν κοψόντι Ηόσσα αὐτοῖς ποτ᾽ οἰκίαν ἐς χρείαν, τοῖς δὲ σκίροις καὶ τοῖς 

δρυμοῖς χρη- 
σόνται τοὶ μισθωσαμένοι ἂν τὰν αὐτῶ μερίδα Ηέκαστος· Ηόσσαι δέ κα τᾶν ἀμπέλων ἢ τῶν 

δενδρέων ἀπο- 
γηράσωντι, ἀποκαταστασόντι τοὶ καρπιζομένοι, Ηως ἦμεν τὸν ἴσον ἀριθμὸν ἀεί· οὐχ 

ὑπογραψόνται 
150 
δὲ τὼς χώρως τούτως Ηοι μισθωσαμένοι οὐδὲ τίμαμα Ηοισόντι οὔτε τῶν χώρων οὔτε τᾶς 

ἐπιοικοδο- 
μᾶς· αἰ δὲ μή, Ηυπόλογος ἐσσήται κὰτ τὰς ῥήτρας. αἰ δέ τίς κα τῶν καρπιζομένων ἄτεκνος 

ἄφωνος ἀπο- 
θάνει, τᾶς πόλιος πᾶσαν τὰν ἐπικαρπίαν ἦμεν· αἰ δέ χ᾽ ὑπὸ πολέμω ἐγϜηληθίωντι, Ηώστε μὴ 

ἐξῆμεν 
τὼς μεμισθωμένως καρπεύεσθαι, ἀνεῶσθαι τὰν μίσθωσιν καθά κα τοὶ Ηηρακλεῖοι 

διαγνῶντι καὶ μὴ 
ἦμεν Ηυπολόγως μήτε αὐτὼς μήτε τὼς πρωγγύως τῶν ἐν τᾶι συνθήκαι γεγραμμένων. τὼς 

δὲ πρωγγύ- 
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155 
ως τὼς ἀεὶ γενομένως πεπρωγγυευκῆμεν τῶν τε μισθωμάτων καὶ τῶν ἐπιζαμιωμάτων καὶ 

τῶν ἀμ- 
πωλημάτων καὶ τᾶν καταδικᾶν καὶ αὐτὼς καὶ τὰ χρήματα Ηά κα ἐπιμαρτυρήσωντι, καὶ μὴ 

ἦμεν μήτε Ηάρ- 
νησιν μήτε παλινδικίαν μηδὲ κατ᾽ ἄλλον μηδὲ Ηένα τρόπον τᾶι πόλι πράγματα παρέχεν 

μηδὲ τοῖς Ηυ- 
πὲρ τᾶς πόλιος πρασσόντασσι· αἰ δὲ μή, ἀτελὲς ἦμεν. δεύτερος. Ηο δὲ τὸν δεύτερον <χῶρον> 

μισθωσάμενος 
καρπευσήται ἀπὸ τᾶς τριακονταπέδω τᾶς διὰ τῶν τετρώρων ἀγώσας ἐπὶ τὸν ἄντομον τὸν 

πρᾶτον Ηόσ- 
160 
σος κ᾽ εἶ καὶ πραξεῖ πάντα κὰτ τὰν συνθήκαν καὶ Ηυπόλογος ἐσσήται καὶ αὐτὸς καὶ τοὶ 

πρωγγύοι, Ηότι κα 
μὴ πράξει κὰτ τὰν συνθήκαν. τρίτος. Ηο δὲ τὸν τρίτον χῶρον μισθωσάμενος καρπευσῆται 

ἀπὸ τῶ ἀν- 
τόμω τῶ ἀνώτερον τᾶς τριακονταπέδω πὸτ τὸν ἄντομον τὸν δεύτερον ἀπὸ τᾶς 

τριακονταπέδω καὶ 
πραξεῖ πάντα κὰτ τὰν συνθήκαν καὶ Ηυπόλογος ἐσσῆται καὶ αὐτὸς καὶ τοὶ πρώγγυοι, Ηότι 

κα μὴ πρά- 
ξει κὰτ τὰν συνθήκαν. τέταρτος. Ηο δὲ τὸν τέταρτον χῶρον μισθωσάμενος πάρ τε τῶν 

πολιανό- 
165 
μων τῶν ἐπὶ Ἀριστίωνος ἐφόρω καὶ τῶν ὀριστᾶν καὶ πὰρ τῶν πολιανόμων τῶν ἐπὶ 

Ἀριστάρχω τῶ Ηηρα- 
κλείδα ἐφόρω α ἄνθεμα Φιλωνύμω τῶ Φιλωνύμω, <Ηα> ἔμβολος Ηηρακλείδα τῶ 

Τιμοκράτιος καρπευ- 
σήται ἀπὸ τῶ ἀντόμω τῶ τρίτω ἀπὸ τᾶς τριακονταπέδω ἐπὶ τὸν ἄντομον τὸν ὀρίζοντα τώς 

τε τῶ ∆ιο- 
νύσω χώρως καὶ τὰ Φιντίας Ηο Κρατίνω παμωχεῖ. Ηο δὲ ἀνΗελόμενος ἐργαξήται τὰ μὲν 

ἄλλα κὰτ τὰν 
συνθήκαν, καθὼς καὶ τὼς λοιπὼς γεγράπται· τὰς δὲ ἀμπέλως τὰς Ηυπαρχώσας ἐργαξήται 

Ηως βέλτι- 
170 
στα· Ηόσσαι δέ κα τᾶν ἀμπέλων ἀπογηράσκωντι ποτιφυτευσεῖ, Ηώστε ἀεὶ Ηυπάρχεν τὸν 

ἴσον ἀριθμὸν τᾶν 
σχοίνων τὸν νῦν Ηυπάρχοντα, Ϝίκατι τετόρας σχοίνως· αἰ δὲ μή, προκαδδεδικάσθω δύο 

μνᾶς ἀργυρίω 
πὰρ τὰν σχοῖνον Ηεκάσταν· τὰς δὲ ἐλαίας καὶ τὰς συκίας καὶ τὰ ἄλλα δένδρεα τὰ Ηήμερα τὰ 

Ηυπάρχον- 
τα πάντα ἐν τᾶι μερίδι ταύται περισκαψεῖ καὶ ποτισκαψεῖ καὶ περικοψεῖ τὰ δεόμενα, καὶ αἴ 

τινά κα γήραι ἢ 
ἀνέμωι ἐκπέτωντι, ἀποκαταστασεῖ μὴ μείω τὸν ἀριθμὸν τῶν Ηυπαρχόντων· ποτιφυτευσεῖ δὲ 

καὶ ἐλαίας 
175 
ἐν τᾶι ψιλᾶι Ηομολόγως ποίων τοῖς Ηυπαρχόντασσι δενδρέοις καὶ τὸν ἀριθμὸν τὸν Ηίσον, 

καθὼς καὶ ἐν τᾶι 
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ἄλλαι συνθήκαι γεγράπται. Ηότι δέ κα μὴ πράξει Ηο ἀνΗελόμενος κὰτ τὰν συνθήκαν ἢ μὴ 
ἐν τοῖς χρό- 

νοις τοῖς γεγραμμένοις, Ηυπόλογος ἐσσήται τοῖς πολιανόμοις καὶ τοῖς σιταγέρταις τοῖς ἐπὶ 
τῶ <Ϝ>έτεος, 

καθὼς καὶ ἐν τᾶι ἄλλαι συνθήκαι γεγράπται· αἰ δέ κα τοὶ πολιανόμοι τοὶ ἀεὶ ἐπὶ τῶν Ϝετέων 
ἔντες μὴ πρά- 

ξωντι πάντα κὰτ τὰν συνθήκαν, αὐτοὶ Ηυπόλογοι ἐσσόνται κὰτ τὰν συνθήκαν. ἐπὶ τούτοις 
ἐμισθώσαν- 

180 
το τὰν μὲν πράταν μίσθωσιν ἀπὸ τῶν τῶ Ηηρώιδα με κιβώτιον Βορμίων Φιλώτα 

πεντήκοντα Ηεπτὰ μεδί- 
μνων, κάδδιχος· πρώγγυος τῶ σώματος <με> κιβώτιον Ἀρκὰς Φιλώτα. τὰν δὲ δευτέραν 

μίσθωσιν <Ηα> 
ἔμβολος ∆άμαρχος Φιλωνύμω τετρώκοντα μεδίμνων· πρώγγυος τῶ σώματος vacat c.7 

Θεόδωρος Θε- 
οδώρω. τὰν δὲ τρίταν μίσθωσιν <Ϝε> γυῖον Πεισίας Λεοντίσκω τριάκοντα πέντε μεδίμνων· 

πρώγγυος 
τῶ σώματος <κν> σφαιρωτῆρες Ἀριστόδαμος vacat c.10  τὰν δὲ τετάρταν μίσθωσιν <αλ> 

λωτήριον 
185 
Φίλιππος Φιλίππω διακατίων Ηεβδεμήκοντα Ηοκτὼ μεδίμνων· πρώγγυος τῶ σώματος <πε> 

καρυκεῖον 
Ἀπολλώνιος Ηηρακλήτω. vacat 
γραμματεὺς <Ϝε> γυῖον Ἀριστόδαμος Συμμάχω· γαμέτρας Χαιρέας ∆άμωνος Νεαπολίτας. 
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II 
 
ἔφορος  ∆άζιμος. Ηα πόλις 
καὶ τοὶ ὀρισταὶ <Ϝε> τρίπους Φιλώ- 
νυμος Ζωπυρίσκω, <πε> καρυκεῖον 
Ἀπολλώνιος Ηηρακλήτω, <αι> πέλ- 
5 
τα ∆άζιμος Πύρρω Ἀθάναι Πολιάδι. 
ἀνέγραψαν τοὶ ὀρισταὶ τοὶ Ηαιρεθέντες ἐπὶ τὼς χώρως τὼς Ηια- 
ρὼς τὼς τᾶς Ἀθάνας τὼς ἐν Κοίλαι Φιλώνυμος Ζωπυρίσκω, Ἀπολ- 
λώνιος Ηηρακλήτω, ∆άζιμος Πύρρω, καθὰ ὤριξαν καὶ συνεμε- 
τρήσαν καὶ ἐτερμάξαν καὶ ἐμερίξαν τῶν Ηηρακλείων δια- 
10 
γνόντων ἐν κατακλήτωι ἀλίαι. συνεμετρήσαμες δὲ ἀρξαμένοι 
ἀπὸ τῶ ἀντόμω τῶ ἀπὸ Καινᾶν ἄγοντος ἐπὶ τὰν Ηοδὸν τὰν τρι- 
ακοντάπεδον τὰν ἐπὶ θάλασσαν ἄγωσαν, καὶ ἐγένοντο ἀπὸ 
τῶ ἀντόμω ποτὶ τὰν βουβῆτιν τὰν διὰ τῶν γυᾶν ἐκ πόλιος ῥέω- 
σαν Ηεπτὰ γύαι, ἀπὸ δὲ τᾶς βουβήτιος ἐπὶ τὰν τριακοντάπεδον 
15 
τρεῖς καὶ δέκα γύαι· ἀπὸ δὲ τᾶς τριακονταπέδω ἐπὶ τὰν τριακον- 
τάπεδον τὰν διὰ τῶν τριΗημιγύων ἄγωσαν, καὶ ἐγένοντο 
Ηεννέα τριΗημίγυα. διαβάντες δὲ τὰν τριακοντάπεδον ἐμε- 
τρίωμες ποτὶ τὸν Ϝικατίδειον καὶ ἀπεμετρήσαμες τὸ δέκα- 
τον τριΗημίγυον· τὰ δὲ τρίγυα οὐκ ἐξεποΐον καθὼς τὸ ἀρχαῖον 
20 
Ηευρίσκομες γεγενημένα, ἀλλὰ πενθημίγυον μόνον κα- 
τελείπετο ἐκ τῶν δυῶν τριγύων, τὰν δὲ λοιπὰν γᾶν Ϝιδίαν 
τινὲς ἐπεποίηντο· ταύταν ἀπεκατεστάσαμες τᾶι Ἀθάναι 
κὰτ τὰ ἀρχαῖα. ἀπὸ δὲ τῶ Ϝικατιδείω τὰν ἐς ποταμὸν τὸν Ἄκιριν 
γᾶν ποτιγενομέναν τὰν ἐμ μέσσωι τᾶς τε Ηεκατομπέδω 
25 

καὶ τᾶς Ηηρακλείας Ηοδῶ, καὶ ταύταν πᾶσαν Ϝιδίαν ἐπεποίηντό 
τινες· καὶ τοὶ μὲν ἐριξάντες ἀπέσταν, τοῖς δὲ ἐδικαξάμεθα δίκας 
τριακοσταίας, καὶ ἀποκαταστασάντες τᾶι θεῶι κὰτ τὰ ἀρχαῖα ταύ- 
ταν τὰν γᾶν κατεδασσάμεθα καὶ ὄρως ἐπάξαμες ἐφ᾽ ἑκάστας τᾶς 
μερίδος καὶ ἐποιήσαμες πὰρ τὸ τριΗημίγυον τὸ δέκατον πρᾶτον τρί- 
30 
γυον, ποτθέντες πὸτ τὸ πενθημίγυον ἀφ᾽ ἇς κατεσώιξαμες γᾶς Ηώσ- 
τ᾽ ἦμεν ἔκπλεον εὖρος τρίγυον, μᾶκος ἀπὸ τᾶς Ηεκατομπέδω ἄχρι πὸτ 
τὰν Ηηρακλέαν Ηοδὸν ἂν τὼς ὄρως, καὶ ἐγένοντο σχοίνοι Ηεκατὸν τρι- 
άκοντα Ηοκτώ, ὀρέγματα Ηοκτώ, ψιλᾶς μὲν Ηεκατὸν τριάκοντα τρῖς, ὀρέγματα Ϝίκατι 
Ϝέξ, ποῦς, ἀμπέλων δὲ τετόρες σχοίνοι, ὀρέγματα δέκα Ηέν, πόδες 
35 
τρῖς. Ηαύτα Ηα γᾶ ἐμισθώθη τὰν πράταν πενταετηρίδα διακοσίων 
Ϝεξήκοντα Ηεννέα μεδίμνων, χοός, δυῶν χοινίκων· ἀπὸ δὲ τούτω τῶ 
{τω} τριγύω ἐμετρήσαμες πὸτ τὸ Ϝικατίδειον δεύτερον τρίγυον, εὖ- 
ρος ἂν τὼς ὄρως, μᾶκος ἀπὸ τᾶς Ηεκατομπέδω ποτὶ τὰν Ηηρακλείαν 
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Ηοδόν, καὶ ἐγένοντο σχοίνοι Ηεκατὸν τριάκοντα Ηεννέα, ψιλᾶς μὲν Ηε- 
40 

κατὸν Ϝίκατι τρῖς σχοίνοι, ἀμπέλων δὲ δέκα Ϝὲξ σχοίνοι. τοῦτο τὸ τρί- 
γυον ἐμισθώθη Ϝεξακατίων Ηενενήκοντα πέντε μεδίμνων. 
διαβάντες δὲ τὸν Ϝικατίδειον ἐποιήσαμες πράταν μερίδα πὰρ Ηεκ[α]- 
τόνπεδον, ἐν Ηᾶι Ηα ἀμπελωργικά, καὶ ἐτάμομες κοινὰν πόθοδον ἐκ τῶ 
Ϝικατιδείω πὸτ τὰν οἰκίαν Ϝικατίπεδον καὶ ἀπὸ τᾶς οἰκίας πὰρ τὰς ἀμ- 
45 

πέλως ἄχρι ἐς ποταμὸν Ηοκτάπεδον. καὶ ἐμετρίωμες ἀπὸ τῶ Ϝικατιδείω 
τὸ πὸτ Ἄκιριν ἐπὶ τὰν διαστολὰν τὰν πλαγίαν τὰν ἀπὸ τᾶς ποθόδω τᾶς κοι- 
νᾶς ἀγώσας ἐς τὰν Ηεκατόνπεδον, καὶ ἐγένοντο πεντήκοντα Ηεννέα σχοί- 
νοι Ηημίσχοινον, ψιλᾶς μὲν πεντήκοντα μία, ὀρέγματα Ηεπτά, ἀμπέλων δ[ὲ] 
Ηοκτὼ σχοίνοι, ὀρέγματα Ηοκτώ· Ηαύτα ἐμισθώθη τετρακατίων τεσσαρά[κον]- 
50 

τα Ϝὲξ μεδίμνων, καδδίχων τεσσάρων. δευτέρα μερίς, ἐν Ηᾶι Ηα οἰκία [ἐ]- 
στί, μᾶκος ἀπὸ τῶ Ϝικατιδείω ἐπὶ τὰν τράφον τὰν πὰρ ποταμόν, εὖρος ἀπὸ τῶν ὄ- 
ρων καὶ τᾶς ποθόδω τᾶς Ηοκταπέδω τᾶς ἐς ποταμὸν ἀγώσας ἐπὶ τὼς ὄρως, 
καὶ ἐγένοντο Ϝεξήκοντα τρεῖς σχοίνοι, ὀρέγματα δέκα δύο· ταύται τᾶι μερίδ[ι] 
ποτεδασσάμεθα ἀμπέλων τὰν πράταν διαστολὰν τὰν πὰρ τὰν Ηεκατόνπε- 
55 

δον, Ηοκτὼ σχοίνως, ὀρέγματα Ϝείκατι Ϝέξ, πόδας δύο, καὶ ἐγένετο Ηα πᾶσα μερὶς 
Ηεβδεμήκοντα δύο σχοίνοι, ὀρέγματα Ηοκτώ, πόδες δύο· Ηάυτα ἐμισθώθη Ϝεξα- 
κατίων τριάκοντα δυῶν μεδίμνων, χοός. τρίτα μερὶς μᾶκος ἀπὸ τῶ Ϝεικατι- 
δείω ἐπὶ τὰν τράφον τὰν πὰρ ποταμόν, εὖρος ἀπὸ τῶν ὄρων τῶν τᾶς δευτέρας 
μερίδος ἐπὶ τὼς ὄρως, καὶ ἐγένοντο ψιλᾶς μὲν Ϝεξήκοντα Ϝὲξ σχοίνοι Ηημίσχοι- 
60 
νον· ταύται τᾶι μερίδι ποτεδασσάμεθα ἀμπέλων τὰν δευτέραν διαστολὰν ἀφ᾽ ἑκα- 
τονπέδω Ηεπτὰ σχοίνως, ὀρέγματα δέκα Ηεπτά, καὶ ἐγένετο Ηα πᾶσα μερὶς Ηεβδε- 
μήκοντα τετόρες σχοίνοι, ὀρέγματα δύο· Ηαύτα ἐμισθώθη Ϝεξακατίων τριάκοντα 
μεδίμνων, δυῶν καδδίχων, χοινίκων δυῶν. τετάρτα μερὶς μᾶκος ἀπὸ τῶ Ϝι- 
κατιδείω ἐπὶ τὰν τράφον τὰν πὰρ ποταμόν, εὖρος ἀπὸ τῶν ὄρων τῶν τᾶς τρί- 
65 
τας μερίδος ἐπὶ τὼς ὄρως καὶ ἐπὶ τὸν ἄντομον τὸν διατάμνοντα τὼς χώρως, τὸν 
ἐτάμομες ἐκ τῶ Ϝικατιδείω ἐς ποταμὸν κοινὸν πᾶσι χρῆσθαι τοῖς τὼς Ηιαρὼς χώ- 
ρως μεμισθωμένοις, καὶ ἐγένοντο ψιλᾶς μὲν Ϝεξήκοντα Ηοκτὼ σχοίνοι, ὀρέγμα- 
τα δέκα τρία· ταύται τᾶι μερίδι ποτεδασσάμεθα ἀμπέλων τὰν τρίταν διαστολὰν 
ἀφ᾽ ἑκατομπέδω τὰν ποτικλαίγωσαν πὸτ τὰν πόθοδον τὰν Ηοκτάπεδον δέκα πέντε 
70 
σχοίνως, ὀρέγματα Ηεπτά, <καὶ> ἐγένετο Ηα πᾶσα μερὶς Ηογδοήκοντα τρεῖς σχοίνοι, 

ὀρέγμα- 
τα Ϝείκατι· Ηαύτα ἐμισθώθη Ϝεξακατίων τριάκοντα μεδίμνων. ἀπὸ δὲ τῶ 
ἀντόμω τῶ διατάμνοντος τὼς χώρως τῶ ἐς ποταμὸν ἄγοντος τῶ Ϝι- 
κατιπέδω ἐμετρίωμες μᾶκος μὲν ἐπὶ τὰν Ηηρακλείαν, εὖρος δὲ ἀπὸ 
τῶ Ϝικατιδείω ἐπὶ τὼς ὄρως vacat  τὼς πράτως, καὶ κατελίπομες 
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75 

πόθοδον ἐκ τῶ Ϝεικατιδείω ποτὶ τὰν οἰκίαν Ϝεικατίπεδον, καὶ ἐγένετο 
Ηα μερὶς Ηαύτα ψιλᾶς Ϝεξήκοντα δύο σχοίνοι· ταύται τᾶι μερίδι ποτεδασ- 
σάμεθα ἀμπέλων τὰν πράταν στάσιν τὰν πὸτ τὸν Ϝικατίδειον Ϝὲξ σχοί- 
νως Ηημίσχοινον, καὶ ἐγένετο Ηα πᾶσα μερὶς Ϝεξήκοντα Ηοκτὼ σχοίνοι Ηημί- 
σχοινον· Ηαύτα ἐμισθώθη Ηοκτακατίων πεντήκοντα Ϝὲξ μεδίμνων, καδδί- 
80 

χων τετόρων. δευτέρα μερὶς ἀπὸ τῶ Ϝικατιδείω, ἐν Ηᾶι Ηα οἰκία ἐστί, 
ἀπὸ τῶ ἀντόμω τῶ ἐς ποταμὸν ἄγοντος μᾶκος ἐπὶ τὰν Ηηρακλείαν, εὖ- 
ρος ἀπὸ τῶν ὄρων ἐπὶ τὼς ὄρως, καὶ ἐγένετο ψιλᾶς πεντήκοντα Ηεννέα 
σχοίνοι Ηημίσχοινον· ταύται τᾶι μερίδι ποτεδασσάμεθα ἀμπέλων 
τὰν δευτέραν στάσιν ἀπὸ Ϝικατιδείω Ϝὲξ σχοίνως Ηημίσχοινον, καὶ ἐ- 
85 

γένετο Ηα πᾶσα μερὶς Ϝεξήκοντα Ϝὲξ σχοίνοι· Ηαύτα ἐμισθώθη τετρα- 
κατίων πεντήκοντα Ηοκτὼ μεδίμνων, καδδίχων δέκα τετόρων, δυ- 
ῶν χοινίκων. τρίτα μερὶς ἀπὸ τῶ Ϝικατιδείω πὸτ τὰς ἀμπέλως ἀπὸ τῶ 
ἀντόμω τῶ ἐς ποταμὸν ἄγοντος μᾶκος ἐπὶ τὰν Ηηρακλείαν, εὖρος ἀ- 
πὸ τῶν ὄρων ἐπὶ τὼς ὄρως, καὶ ἐγένετο ψιλᾶς Ϝεξήκοντα τρῖς σχοίνοι Ηη- 
90 
μίσχοινον· ταύται τᾶι μερίδι ποτεδασσάμεθα ἀμπέλων τὰν τρίταν 
στάσιν ἀπὸ Ϝικατιδείω Ϝὲξ σχοίνως Ηημίσχοινον, καὶ ἐγένετο Ηα πᾶσα με- 
ρὶς Ηεβδεμήκοντα σχοίνοι· Ηαύτα ἐμισθώθη τριακατίων Ϝὲξ μεδίμνων καδ- 
δίχων τετόρων. τετάρτα μερὶς ἀπὸ Ϝικατιδείω μᾶκος μὲν ἀπὸ τῶ ἀντόμω 
τῶ ἐς ποταμὸν ἄγοντος ποτὶ τὰν πόθοδον τὰν πὰρ τὰς ἀμπέλως ἄγωσαν, 
95 
εὖρος ἀπὸ τῶν ὄρων ἐπὶ τὼς ὄρως, καὶ ἐγένετο ψιλᾶς τετρώκοντα Ηοκτὼ 
σχοίνοι· ταύται τᾶι μερίδι ποτεδασσάμεθα ἀμπέλων τὰν τετάρταν στά- 
σιν ἀπὸ Ϝικατιδείω Ϝὲξ σχοίνως Ηημίσχοινον, καὶ ἐγένετο Ηα πᾶσα μερὶς πεν- 
τήκοντα τετόρες σχοίνοι Ηημίσχοινον· Ηαύτα ἐμισθώθη διακατίων τριάκον- 
τα πέντε μεδίμνων, καδδίχων δέκα πέντε. vac. πέμπτα μερὶς ἀπὸ Ϝικατι- 
100 
δείω μᾶκος ἀπὸ τῶ ἀντόμω τῶ ἐς ποταμὸν ἄγοντος ποτὶ τὰν πόθοδον τὰν 
πὰρ τὰς ἀμπέλως ἄγωσαν, εὖρος ἀπὸ τῶν ὄρων ἐπὶ τὰν νᾶσον, καὶ ἐγέ- 
νετο ψιλᾶς Ϝεξήκοντα τετόρες σχοίνοι· ταύται τᾶι μερίδι ποτεδασ- 
σάμεθα ἀμπέλων τὰν πέμπταν στάσιν ἀπὸ Ϝικατιδείω Ηεπτὰ σχοί- 
νως, ὀρέγματα δέκα Ηεπτά, πόδας δύο, καὶ ἐγένετο Ηα πᾶσα μερὶς Ηεβδε- 
105 
μήκοντα μία σχοίνοι, ὀρέγματα <δέκα> Ηεπτά, πόδες δύο· Ηαύτα ἐμισθώθη πεντα- 
κατίων Ηογδοήκοντα μεδίμνων, καδδίχων δέκα πέντε. Ϝέκτα μερὶς 
τὸ ἔγγωνον τὸ πὰρ τὰς ἀμπέλως τὸ ποτικλαῖγον πὸτ τὰν Ηηρακλείαν κα[ὶ] 
πὸτ τὸν ποταμόν, καὶ ἐγένετο ψιλᾶς τριάκοντα σχοίνοι· ταύται <τᾶι> μερίδι πο- 
τεδασσάμεθα ἀμπέλων Ηοκτὼ σχοίνως Ηημίσχοινον τὰς ἐχομένας τῶ 
110 
χωρί[ω, καὶ ἐγέν]ετο Η̣[α] πᾶσα μερὶς τριάκοντα Ηοκτὼ σχοίνοι Ηημίσχοινο[ν]. 
[Ηαύτα ἐμισθώθη . . . . . . . . . . Ηεν]ὸς με[δίμνων] . . . . . . . . . . . . . 
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I 
 

Ephor: Aristarchos son of Herakleidas.  Month: Apellaios. The city and the boundary-
officers: (Ϝε) (tripod) Philonymos son of Zopyriskos, (πε) (caduceus) Apollonios son 
of Herakleitos, (αι) (shield) Dazimos son of Pyrrhos, (κν) (trident) Philotas son of 
Histieios, (με) (architrave) Herakleidas son of Zopyros.  To Dionysos.  The boundary-
officers elected to oversee the lands sacred to Dionysos, Philonymos son of 
Zopyriskos, Apollonios son of Herakleitos, Dazimos son of Pyrrhos, Philotas son of 
Histieios, (10) Herakleidas son of Zopyros, made a public record of how they 
defined, bounded, measured, and apportioned (them), after the Herakleians had so 
resolved in a specially-summoned assembly. We measured beginning from the 
antomos which leads above Pandosia and cuts through the sacred lands and the 
private land up to the antomos which separates the lands of Dionysos and the (land) 
which Koneas son of Dion possessed. We divided (it into) four parts: the first part, in 
width from the antomos which leads alongside the property of Heroidas up to the 30-
footer which leads across the sacred lands, in length descending from the streams 
as far as the Akiris River, and there were measured in this part 201 schoinoi of 
arable land and (20) 646.5 schoinoi of scrub, unplowed land, and thicket; the second 
part, in width from the 30-footer up to the first antomos, in length from the streams as 
far as the river, and there were measured in this part 273 schoinoi of arable land and 
500 schoinoi of scrub, unplowed land, and thicket; the third part, in width from the 
first antomos which leads alongside the 30-footer up to the second antomos from the 
30-footer, in length from the streams as far as the river, and there were measured in 
this part 312.5 schoinoi of arable land and (30) 537.5 schoinoi of scrub, unplowed 
land, and thicket; the fourth part, in width from the second antomos from the 30-
footer to the antomos which separates the sacred and the private land, in length from 
the streams as far as the river, and there were measured in this part 308.5 schoinoi 
of arable land and 541.5 schoinoi of scrub, unplowed land, and thicket. The total of 
all arable land is 1095 schoinoi, and 2225 schoinoi of scrub, unplowed land, and 
thicket.  And we measured the island attached to the unplowed land.  From this land 
was lost (40) 303.5 schoinoi of arable land and 435 schoinoi of scrub, unplowed 
land, and thicket: in the first part, alongside the property of Heroidas, 76 schoinoi of 
arable land and 185 schoinoi of scrub, unplowed land, and thicket; in the fourth part, 
alongside the property of Phintias, 227.5 schoinoi of arable land and 250 schoinoi of 
scrub, unplowed land, and thicket. The total of all land we restored to Dionysos is 
738.5 schoinoi; we restored this land after prosecuting cases, which had to be tried 
within 30 days, against those who had (50) made the sacred land private. This land, 
as much as we restored, was rented out for life at 300 medimnoi per year, and the 
entire land of Dionysos for 410 medimnoi and 1 kaddichos per year. We also set up 
boundary-markers on the upper side: 1 on the antomos alongside Pandosia and the 
property of Heroidas, which separates the sacred and the private land, having pulled 
it back from the streams towards the private land, lest it be engulfed in mud and 
obliterated like the previous boundary-markers; we established another (boundary-
marker) on the antomos leading alongside the property of Phintias, beside the 
papyrus-stand and the ditch/canal, having pulled it back in like manner towards the 
private land; (60) and we placed other boundary-markers opposite to these on the 
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wagon-road which leads across the stream-bed along the thicket, the markers 
towards the sacred land, the counter-markers towards the private land, leaving a 20-
foot antomos.  We also set up boundary-markers in the middle: 2 on the road which 
leads from the city and from Pandosia across the sacred lands, and 2 on the hill-
copses; all of these (markers) are geometrically aligned with each other, those on the 
sacred side of the antomos inscribed “sacred (boundary-markers?) of the lands of 
Dionysos,” those on the private land inscribed “counter-markers.”  Similarly we also 
set up boundary-markers in the middle, on the antomos leading alongside the 
property of Phintias: 2 on (70) the road which leads from the city and from Pandosia 
across the sacred lands, 2 on the hill-copses beside the cheese-presses; all of these 
(markers) are geometrically aligned with those on the road leading across the 
stream-bed along the thicket, those on the sacred side inscribed “sacred (boundary-
markers?) of the lands of Dionysos,” those on the private land inscribed “counter-
markers,” standing apart from each other so as to create a 20-foot antomos. (We 
placed) 2 (boundary-markers) on the 30-footer which leads through the sacred lands, 
on the upper side, standing 30 feet apart from each other; and we set up other 
boundary-markers counter to these, 2 alongside the road which leads along the 
thicket, standing 30 feet (80) apart from each other.  (We set up) 4 (boundary-
markers) on the 30-footer in the middle of the land, in one place standing 30 feet 
apart from each other, at the other 20 feet.  (We set up) 2 on the antomos alongside 
the 30-footer, standing 20 feet apart from each other; and (2) others on the second 
antomos, standing 20 feet apart from each other. All these (are) without inscriptions, 
separating the parts from each other for (the benefit of) those renting the sacred 
lands.  The antomoi delimit all the lands of Dionysos, both the one which leads 
alongside the property of Heroidas and the one (which leads) alongside the property 
of Phintias, from the streams up above as far as the Akiris River. The number of the 
boundary-markers which we set up: 7 on the antomos alongside the property of 
Heroidas, including the one on the (upper) side; (90) 8 on the 30-footer, including the 
group of 4; 2 each on the antomos alongside the 30-footer and the following one; 7 
on the (antomos) alongside the property of Phintias, including the one alongside the 
papyrus-marsh and the ditch/canal. 
 

Contract on the Lands of Dionysos 
 

In the ephorate of Aristion, (in the) month Apellaios, the city and the city-magistrates 
(ας) (grape-cluster) Timarchos son of Nikon and (Ϝε) (flower) Apollonios son of 
Apollonios, and the boundary-officers (Ϝε) (tripod) Philonymos son of Zopyriskos, 
(πε) (caduceus) Apollonios son of Herakleitos, (αι) (shield) Dazimos son of Pyrrhos, 
(κν) (trident) Philotas son of Histieios, and (με) (architrave) Herakleidas son of 
Zopyros, lease the sacred lands of Dionysos, in the condition that they are in, for life, 
as the Herakleians resolved.  (100)  The lessees will enjoy (them) perpetually as long 
as they provide guarantors and furnish the rent each year perpetually on the day 
prior to the month Panamos; if they should thresh in advance, they will bring to the 
public granary and measure out before the grain-officers for the year, with the public 
chous, full choes of clean and acceptable barley, as much as the land may bear.  
Every 5 years they will present guarantors to the city-magistrates holding office by 
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the year, so that the city magistrates may willingly accept (them).  And if they should 
give to someone else the land which they themselves have leased, or bequeath or 
give away the usufruct (of it), those taking over these same lands, or those to whom 
the usufruct is bequeathed, or those purchasing the usufruct will provide guarantors, 
just like the one who leased them from the beginning.  Whoever does not provide 
guarantors or furnish the rent according to what has been stipulated will pay twice 
the (110) yearly rent and an indemnification to the city-magistrates and the grain-
officers for the year for however much less it may be rented in the first 5 years, which 
may be reckoned altogether with the first rent, and all the things planted on the land 
and the buildings on it will belong to the city.  They will work (the land) according to 
the following (conditions).  He who leases the first land, the one alongside the 
antomos which leads above Pandosia and alongside the property of Heroidas as far 
as the 30-footer, will plant no less than 10 schoinoi of vines and will plant no less 
than 4 olive trees in each schoinos, in land able to support the olive; and if the 
lessees say that the land is not able to support the olive, the city-magistrates for the 
year and any others whom the city-magistrates may choose in addition from the 
citizen body, after swearing an oath, will evaluate and report on the land in an 
assembly, comparing it to that of neighboring residents.  And they will take care of 
the existing trees; if some should fall (120) from old age or wind, they (the lessees) 
themselves will keep them.  They will furnish all of these planted and well-rooted, as 
many as have been recorded in the contract, in the fifteenth year from the year 
following that in which Aristion was ephor.  And if they do not plant according to what 
has been recorded, they will be fined: for the olive, 10 coins of silver per each tree; 
for the vine, 2 minae of silver for each schoinos.  The city-magistrates for the year, 
having associated with themselves no less than 10 men from the citizen body, must 
investigate whether everything has been planted according to the contract and 
record the growers in a public ordinance, recording how much they have planted; if 
some persons should not plant these things according to the contract, they will 
record this and impose the fines prescribed in addition to the other rent.  If someone 
should enter the sacred lands, or graze (his flock in them), or carry away something 
belonging to them, or cut down or break or saw a tree, or do some other harm, the 
lessee will pursue a legal action (130) to the greatest degree possible, and whatever 
he wins he will keep.  As for the (?irrigation-) ditches which flow through the lands, 
they will neither deepen the beds nor dig through (them) for water, nor will they 
confine or withhold the water, and they will clean the channels alongside their lands 
as often as they need to; they will not plow those roads that have been designated 
as such, nor will they close (them) off or impede their crossing.  If they should do any 
of these things in violation of the contract, the city-magistrates for the year will fine 
and penalize (them) until they bring themselves into line with the contract.  He (the 
lessee) will not cut down, break, or saw any of the trees, nor anyone else for him.  
He will not make heaps of earth beyond those already in existence or dig (pits), 
unless such as he constructs in the same land which he rented.  He will not make 
burials in the sacred land nor allow anyone else to do so; if not, he will be considered 
responsible for defiling the sacred land.  And he will build on these lands a structure, 
(consisting of) a cow-shed, a storage shed, and a chaff-heap: the cow-shed (must 
be) 22 feet (140) long and 18 feet wide, the chaff-heap not less than 18 feet long and 
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15 feet wide, and the storage shed 15 feet on all sides.  They will present these 
structures built, roofed, and equipped with doors by the time in which the trees must 
be planted; if not, they are to be fined 6 minae of silver for the cow-shed, 4 minae for 
the chaff-heap, and 3 minae for the storage shed.  They will not sell or cut or burn 
any of the timber in the thickets or in the scrub, nor will they allow anyone else to do 
so; if not, they will be held responsible according to the laws and the contract.  They 
will use the timber they want for the buildings and construction, and also for the 
vineyards; they will cut as much of the dry (timber) as they need for construction.  
The lessees will make use of the scrub and thicket each according to his part (of the 
sacred land).  However many of the vines or the trees fail from old age, those 
enjoying use (of the land) will restore them so that there is always the same number.  
The lessees will not (150) mortgage these lands, nor will they retain the value of 
either the lands or the structures thereupon; if not, they will be held responsible 
according to the laws.  If any of those holding the rights should die childless and 
intestate, the entire usufruct will devolve to the city.  If the lessees should be driven 
out by war, so that they will not be able to make use of the lands, the lease will be 
nullified by decision of the Herakleians, and neither they themselves nor their 
guarantors will be held responsible for what is stipulated in the contract.  Those 
serving as guarantors must furnish as security for the rents and the penalties and the 
indemnifications and the sentences both themselves and their property, which they 
must declare, and there must be neither denial nor a second trial, nor must they 
make troubles in any other way for the city or for those acting on behalf of the city; if 
not, it (the contract) will be rendered invalid.  Second (sacred land): the person 
renting the second (land) will have usufruct of it from the 30-footer which leads 
across the group of 4 boundary-markers up to the first antomos, as much (of it) (160) 
as there is, and will do everything according to the contract, and both he and his 
guarantors will be held responsible for whatever he may fail to do according to the 
contract.  Third (sacred land): the person renting the third land will have usufruct of it 
from the antomos immediately above the 30-footer to the second antomos from the 
30-footer and will do everything according to the contract, and both he and his 
guarantors will be held responsible for whatever he may fail to do according to the 
contract. Fourth (sacred land): the person renting the fourth land, on the authority of 
the city-magistrates in office during the ephorate of Aristion and the boundary-
officers, and on the authority of the city-magistrates during the ephorate of 
Aristarchos son of Herakleidas – (hα) (flowers) Philonymos son of Philonymos, (hα) 
(ship’s ram) Herakleidas son of Timokrates – will have usufruct of it from the third1 
antomos from the 30-footer up to the antomos which divides the lands of Dionysos 
and those which Phintias son of Kratinos possesses.  The person taking it up will 
perform the other things according to the contract, just as it has been stipulated in 
regards to the rest.  He will work the existing vines to the best of his (170) abilities; 
those of the vines that may fail from old age he will replant, so that there will always 
be the same number of schoinoi as the current number – 24 schoinoi; if not, he will 
be assessed a fine of 2 minae of silver for each schoinos.  As for the olives and figs 
and all the other cultivated trees already existing on this part, he will dig and pile dirt 

                                                 
1 This must be an engraving or secretarial error; the word clearly should be “second.” 
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around them and prune them as necessary, and if any should fall down from old age 
or wind, he will restore them to no less than the number already existing.  And he will 
replant olives in the bare land, making them correspond to the existing trees, and in 
the same number, just as is stipulated in the other contract.  In the event that the 
person taking it up does not do something according to the contract or not within the 
time stipulated, he will be responsible to the city-magistrates and the grain-officers 
for the year, just as has been stipulated in the other contract.  If the city-magistrates 
for the year do not do everything according to the contract, they themselves will be 
considered responsible according to the contract.  They were rented as (180) 
follows: the first lease, from the lands of Heroidas, (με) (small box) Bormion son of 
Philotas for 57 medimnoi and 1 kaddichos, personal guarantor (με) (small box) Arkas 
son of Philotas; the second lease (hα) (ship’s ram) Damarchos son of Philonymos for 
40 medimnoi, personal guarantor . . . Theodoros son of Theodoros; the third lease 
(Ϝε) (hand) Peisias son of Leontiskos for 35 medimnoi, personal guarantor (κν) 
(balls) Aristodamos . . . ; the fourth lease (αι) (wash-tub) Philippos son of Philippos 
for 278 medimnoi, personal guarantor (πε) (caduceus) Apollonios son of Herakleitos.  
Secretary: (Ϝε) (hand) Aristodamos son of Symmachos.  Surveyor: Chaireas son of 
Damon, of Naples. 
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II 
 

Ephor: Dazimos.  The city and the boundary-officers: (Ϝε) (tripod) Philonymos son of 
Zopyriskos, (πε) (caduceus) Apollonios son of Herakleitos, (αι) (shield) Dazimos son 
of Pyrrhos.  To Athena Polias.  The boundary-officers elected to oversee the lands 
sacred to Athena in the Hollow – Philonymos son of Zopyriskos, Apollonios son of 
Herakleitos, Dazimos son of Pyrrhos – publicly registered how they defined, 
measured, bounded, and apportioned (them), after the Herakleians had so (10) 
resolved in a specially-summoned assembly.  We measured beginning from the 
antomos which leads from Kainai to the 30-foot road which leads to the sea, and 
there resulted 7 guai from the antomos up to the stream for watering cattle which 
flows out of the city through the fields, and 13 guai from the stream to the 30-footer; 
(and we measured) from the 30-footer to the 30-footer which leads across the 3.5 
guai (fields?), and there resulted 9 (fields of) 3.5 guai.  Crossing the 30-footer, we 
measured to the “twentier” and measured out the tenth unit of 3.5 yuai.  The units of 
3 guai were not sufficient, as we discovered had been (20) the case in the past, but 
only 5.5 guai remained of the 2 units of 3 guai – certain persons had made the 
remaining land private; this (land) we restored to Athena according to previous 
circumstances.  Certain persons had made private all the land from the “twentier” 
and continuing to the Akiris River, in the middle of the 100-footer and the Herakleia 
Road; some conceded after a quarrel, but against others we prosecuted cases which 
had to be tried within 30 days.  Having restored this land to the goddess according to 
previous circumstances, we divided it and set up boundary-markers in each part, and 
beside the tenth unit of 3.5 guai we made the first unit of 3 (30) guai, adding to the 
unit of 5.5 guai from the lands which we restored, so that there would result a 
complete unit of 3 guai in width, in length from the 100-footer as far as the Herakleia 
Road between boundary-markers.  And there resulted 138 schoinoi and 8 oregmata: 
133 (schoinoi), 26 oregmata, and 1 foot of bare land, 4 schoinoi, 11 oregmata, and 3 
feet of vines.  This land was rented for the first 5-year period at 269 medimnoi, 1 
chous, and 2 choinikes. We measured a second unit of 3 guai between boundary-
markers, in width from this unit of 3 guai up to the “twentier,” in length from the 100-
footer to the Herakleia Road, and there resulted 139 schoinoi: 123 schoinoi (40) of 
bare land, 16 schoinoi of vines; this unit of 3 guai was rented at 695 medimnoi.  
Crossing the “twentier,” we made a first part alongside the 100-footer, in which (there 
is land) suitable for the cultivation of vines, and we cut a public path 20 feet wide 
from the “twentier” to the structure, and 8 feet wide along the vines from the structure 
as far as the river.  And we measured from the “twentier” in the vicinity of the Akiris 
up to the transverse fence which leads from the public path to the 100-footer, and 
there resulted 59.5 schoinoi: 51 (schoinoi) and 7 oregmata of bare land, 8 schoinoi 
and 8 oregmata of vines; this (land) was rented at 446 (50) medimnoi and 4 
kaddichoi.  The second part, on which the structure stands, in length from the 
“twentier” up to the (?irrigation-) ditch beside the river, in width from the boundary-
markers and the 8-foot path which leads towards the river up to the boundary-
markers, and there resulted 63 schoinoi and 12 oregmata; to this part we assigned 
the first fenced area of vines alongside the 100-footer, 8 schoinoi, 26 oregmata, and 
2 feet, and the whole part came to 72 schoinoi, 8 oregmata, and 2 feet.  This was 
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rented at 632 medimnoi and 1 chous.  The third part, in length from the “twentier” up 
to the (?irrigation-) ditch beside the river, in width from the boundary-markers of the 
second part up to the boundary-markers, and there resulted 66.5 schoinoi of (60) 
bare land; to this part we assigned the second fenced area of vines from the 100-
footer, 7 schoinoi and 17 oregmata, and the whole part came to 74 schoinoi and 2 
oregmata.  This was rented at 630 medimnoi, 2 kaddichoi, and 2 choinikes.  The 
fourth part, in length from the “twentier” up to the (?irrigation-) ditch beside the river, 
in width from the boundary-markers of the third part up to the boundary-markers and 
the antomos cutting across the lands, which we cut from the “twentier” to the river as 
a public path for the use of all those renting the sacred lands, and there resulted 68 
schoinoi and 13 oregmata of bare land; to this part we added the third fenced area of 
vines from the 100-footer – namely, the fenced area adjoining the 8-foot path – 15 
(70) schoinoi and 7 oregmata.  All this part came to 83 schoinoi and 20 oregmata; 
this was rented at 630 medimnoi.  And we measured from the 20-foot antomos which 
cuts across the lands and leads toward the river, in length up to the Herakleia 
(Road), in width from the “twentier” up to the first boundary-markers, and we left a 
20-foot path from the “twentier” towards the structure, and this part came to 62 
schoinoi of bare land; to this part we added the first stand of vines towards the 
“twentier,” 6.5 schoinoi, and the whole part came to 68.5 schoinoi.  This was rented 
at 856 medimnoi and 4 (80) kaddichoi.  The second part from the “twentier,” on 
which stands the structure, in length from the antomos which leads to the river up to 
the Herakleia (Road), in width from the boundary-markers up to the boundary-
markers, and there resulted 59.5 schoinoi of bare land; to this part we added the 
second stand of vines from the “twentier,” 6.5 schoinoi; and the whole part came to 
66 schoinoi.  This was rented at 458 medimnoi, 14 kaddichoi, and 2 choinikes.  The 
third part from the “twentier” towards the vines, in length from the antomos which 
leads to the river up to the Herakleia (Road), in width from the boundary-markers to 
the boundary-markers, and there resulted 63.5 schoinoi of (90) bare land; to this part 
we added the third stand of vines from the “twentier,” 6.5 schoinoi, and the whole 
part came to 70 schoinoi.  This was rented at 306 medimnoi and 4 kaddichoi.  The 
fourth part from the “twentier,” in length from the antomos which leads to the river up 
to the path which leads along the vines, in width from the boundary-markers to the 
boundary-markers, and there resulted 48 schoinoi of bare land; to this part we added 
the fourth stand of vines from the “twentier,” 6.5 schoinoi, and the whole part came to 
54.5 schoinoi.  This was rented at 235 medimnoi and 15 kaddichoi.  The fifth part 
from the “twentier,” in length from (100) the antomos which leads to the river up to 
the path which leads beside the vines, in width from the boundary-markers to the 
island, and there resulted 64 schoinoi of bare land; to this part we added the fifth 
stand of vines from the “twentier,” 7 schoinoi, 17 oregmata, and 2 feet, and the whole 
part came to 71 schoinoi, 17 oregmata, and 2 feet.  This was rented at 580 medimnoi 
and 15 kaddichoi.  The sixth part, the angular piece of land beside the vines and 
adjoining the Herakleia (Road) and the river, and there resulted 30 schoinoi of bare 
land; to this part we added 8.5 schoinoi of vines neighboring the (110) land, and the 
whole part came to 38.5 schoinoi.  This was rented at . . .1 medimnoi . . . . 
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Appendix B: IG XII/9.191A, with an Original English 
Translation by the Author 

 
 
[κ]ατὰ τάδε [Χ]αιρεφάνης ἐπαγγέλλεται Ἐρετ[ριεῦσιν ἐξάξειν καὶ ξηρὰν ποιήσειν 
τὴν λίμνην τὴν ἐν] 

[Π]τέχαις αὐτὸς τὰ ἀναλώματα παρέχων εἰς τ[ὴν ἐξαγωγήν, τέλος δὲ μὴ τιθεὶς τῆι 
πόλει ὅταν εἰσάγει κα]- 

[ὶ] ἐξάγε[ι] ἕνεκα τῆς ἐργασίας τῆς εἰς τὴν ἐξα[γωγὴν καὶ ἀτέλεια δὲ ἔστω αὐτῶι ἐπ᾽ 
εἰσαγωγῆι καὶ λίθων] 

καὶ ξύλ[ων], ὅσων ἂν δέηται εἰς τὴν ἐργασίην, κ[αθάπερ γέγραπται τοῖς 
ἐργολαβοῦσί τι τῶν ἔργων τῶν δη]- 

5 
μοσίων· ἐ[π]ειδὰν δὲ ἐξαγάγ[ε]ι τὴν λίμνην, καρ[πιζέσθω τὴν γῆν τῆς λίμνης 
τριάκοντα ταλάντων μισθωθ]- 

[εῖ]σαν δέκα [ἔ]τη ὑποτελέων τῆι π[ό]λει τὸ μίσθ[ωμα μηνὸς ἐξαγαγε]- 
[ῖν] δὲ [τ]ὴν λίμνην τὸ πλεῖστον ἐν τέτταρσιν ἔ[τεσι Χαιρεφάνην· χρόνος ἄρχει τῶν 
συνθηκῶν τῶνδε ὁ ἐνι]- 

αυτὸς ὁ μετὰ τὴν Ἱπποκύδου [κα]ὶ συναρχόντων [προβουλίαν καὶ μὴν καὶ τὸν 
χρόνον τῶν] 

τεττάρων ἐτῶν ἀπὸ τούτου ἄρχειν τοῦ χρόνου· [τέλος δὲ μὴ τιθεῖν τῆι πόλει μηδὲν 
Χαιρεφάνην πωλοῦν]- 

10 
[τ]α ἐ[ν] Ἐρετρίαι τὸν καρπὸν καὶ [μ]ὴ ἐξάγοντα· ὀμ[όσαι δὲ τοὺς πολίτας καὶ πίστεις 
δοῦναι ἐν  Ἀπόλλωνο]- 

ς ∆α[φ]νηφόρου Χαιρεφάνει ἦ μὴν [ἐά]σειν καρπίζ[εσθαι τὴν γῆν δέκα ἔτη 
τριάκοντα ταλάντων, ἐπειδὰν ἐ]- 

ξαγάγει τὴν λίμνην· ἀναγράψαι δὲ τὰς συνθήκα[ς τάσδε ἐν στήλει λιθίνει· 
ἀναγράψαι δὲ καὶ τὰς πίστε]- 

σι καὶ τὸν ὅρκον καὶ τἆλλα πάντα καὶ στῆσαι α[ὐτὰς ἐν τῶι ἱερῶι τοῦ Ἀπόλλωνος 
τοῦ ∆αφνηφόρου· ἐὰν δὲ] 

πόλεμο[ς] διακωλύσει Χαιρεφάνην ἐξάγοντα τὴ[ν λίμνην ξηρὰν ποεῖν, ὡς 
γέγραπται, ὁ ἴσος αὐτῶι χρόν]- 

15 
ος ἀποδοθήτω, ἐπειδὰν δυνατὸν εἶ καὶ εἰρήνη γέ[νηται, ὅσονπερ ὁ πόλεμος αὐτὸν 
διεκώλυσεν· ἐὰν δὲ πό]- 

λεμος ἐπιγένηται καὶ μὴ δυνατὸν εἶ καρπίζεσθα[ι τὴν γῆν τῆς λίμνης] 
- ὁ ἴσος α[ὐ]τῶι χρόνος ἀποδοθήτω ὅσονπερ ἐκωλύθ[η, ἐπειδὰν δυνατὸν εἶ· καὶ 
ἐξέστω δὲ Χαιρεφάνει κα]- 

[ὶ] ἐν τοῖς ἰδι̣ωτικοῖς χωρίοις φρεατία[ς] ποεῖν τῶ[ι ὑπονόμωι, ἀλλὰ ταύτας μὴ 
ποείτω πλὴν διὰ τοῦ χωρί]- 

ου οὗπερ καὶ πρότερον τὴν τιμὴν δῷ· κατὰ δὲ τὴν λίμ[νην, ἐάν του χωρίου δέηται, 
λογισάμενος μίαν δραχμ]- 
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20 
ὴν τοῦ ποδὸς τοῦτο ἀποτεισάτω Χαιρεφάνης, [ὅτα]ν ἐ[ξαγάγει τὴν λίμνην· ἐὰν δὲ 
ποταμοῖς ἄγει τὴν λίμν]- 

ην, ἐξαγέτω ἀπὸ τῶν ἐργασίμων χωρίων δι[ὰ] τῶν ἀργῶ[ν, ἵνα μὴ βλάπτωνται. 
ποησάσθω δὲ] 

κ[α]ὶ δεξαμενὴν τοῖς ποταμοῖς μὴ μείζον[α] ἢ δύο στα[δίων ἡνίκα δὲ Χαιρεφάνη]- 
σ αὐτὸς καρπίζεται τὴν γ[ῆ]ν, ἐπισκευαζέτω τὸν ὑπό[νομον καὶ τοὺς ποταμούς, 
ἐπιμελείσθω δέ, ὅπως ἕξει κ]- 

αλῶς καὶ εἰς τὸν ἔπε[ι]τα [χ]ρόνον πάντα· καὶ δρυφάκτ[ους δὲ ποησάσθω περὶ τὴν 
δεξαμενήν· ἔνθα δὲ τὸ ὕδω]- 

25 
ρ εἰσπίπτει εἰς [τ]ὸν ὑπόνομον, καὶ θύραν ἐργασάσθω [καὶ ἵνα ἐ]- 
ὰν τοῦ ἦρος [ὕδ]ατος γενομέν[ου] δέωνταί τι οἱ γεωργο[ὶ ἐξῇ αὐτ]- 
οῖς ἀποκλείσασι τὸν ὑπόνομον χρῆσθαι τῶι ὕδατι μ[ὴ ἐὰν δ]- 
[έ] τι πάθει Χαι[ρ]εφάνης πρὶν ἐξαγαγεῖν τὴν λίμνην, ε[ἶναι τοῖς μετὰ  Χαιρεφάνους 
ἐργαζομένοις ἅπασι κα]- 

[ὶ] τοῖς κληρονόμοις τοῖς Χαιρεφάνους τὰς αὐτὰς συν[θήκας. εἰ δ]- 
30 
έ τις ἀκύρους ἐρεῖ τάσδε τὰς <σ>υνθήκας ἢ ἄ[ρ]χων ἢ ἰδιώτη[ς ἢ γράψει ἢ 
ἐπιψηφίζει] 

ω ἀνανκάζων Χ[α]ιρεφάνην καὶ τοὺς κοινω[ν]οὺς λύειν τὰ[ς συνθήκας τάσδε ἐπὶ 
προφάσει ἢ λόγωι ὡ]- 

[ι]τινιοῦν, ἄτι[μος] ἔστω καὶ τὰ χρήματα αὐτοῦ ἔστω ἱερὰ [τῆς Ἀρτέμιδος, καὶ αὐτὸς 
καὶ γένος τὸ ἐξ αὐτοῦ] 

ὃ ἂν πάθει, [ν]ηπ[οι]νεὶ πασχέτω· καταστῆσαι δὲ καὶ Χαιρε[φάνην ἐγγυητὰς 
ἐπαγγελλομένους, ἐπειδὰν ἐ]- 

ξαγάγει τὴν λίμνην, ἦ μὴν ἔσεσθαι ξηρὰν τὴν λίμνην [ὡς ἐπαγγέλλεται καὶ βέβαιον 
παρέχειν] 

35 
τὴν αὐτοῦ [κ]άρπ[ω]σιν τριάκοντα ταλάντων. οἱ πρόβουλοι [εἶπον· ἔδοξεν τεῖ βουλεῖ 
καὶ τοῖ δήμοι· ἀνα]- 

γράψαι πρὸς τὰς συνθήκας τὰς Χαιρεφάνους τὰς πρόσθε[ν δεδομένας αὐτῶι τιμὰς 
καὶ εἶναι] 

[α]ὐτῶι ἀσυλίαν ἐργαζομένωι τὰ πρὸς τὴν πόλιν καὶ κατὰ γ[ῆν καὶ κατὰ θάλασσαν 
καὶ πολέμου καὶ εἰρήνη]- 

[ς καὶ] αὐτῶι καὶ τοῖς μετὰ Χαιρεφάνους ἐργαζομένοις ἅπα[σιν· καὶ μὴ ἐξεῖναι] 
[συλᾶ]ν τοὺς συνεργαζομένους ἀεί, πλὴν εἴ τις σῦλον κατὰ τῆς πόλεως ἔχει, τούτω[ι 
δὲ μὴ ἐξεῖναι συλᾶν τοὺς  με]- 

40 
[τὰ Χα]ιρεφάνου, πρὶν ἂν διαλύσωνται πρὸς τὴν πόλιν πάντ[α, ------ ἐγγυηταὶ ------] 
ἐξ Ἀσ[-], Ἱέρων Φηγόεις, Ὠρέων, Ἀμφιχάρης Αἰγ(αλῆθεν), Τιμόξενο[ς------] 
[------]κράτης Ἀφαρ(εῦθεν). οἱ πρόβουλοι εἶπον· ἔδοξ[εν τεῖ βουλεῖ καὶ τοῖ δήμοι· 
ὀμόσαι τοὺς πο]- 
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[λίτας π]άντας Χαιρεφάνει ἐν Ἀπόλλωνος ∆αφνηφόρου· ὃς δ᾽ ἂν μ[ὴ ὀμόσει, ἄτιμος 
ἔστω· ἐξορκού]- 

[ντων δὲ] οἱ πρόβουλοι, ἐξορ[κ]ούντων δὲ καὶ οἱ στρατηγοὶ κατὰ [ἔτος τοὺς ἐφήβους· 
ὅπως οὖν] 

45 
[τὴν γῆν] καρπίζηται τὰ ἔτη τὰ σ[υ]γκείμενα Χαιρεφάνης, ἀναγ[ράφειν καὶ τὸ 
ψήφισμα καὶ τὸν ὅρκον ἐν σ]- 

[τήλει λιθ]ίνει καὶ στῆσαι ἐν τῶι ἱερῶι τοῦ Ἀπόλλωνος τοῦ ∆α[φνηφόρου· 
ἀναγράφειν δὲ κα]- 

[ὶ τοὺς ὀμόσαντας· ἀ]ναγράφειν δὲ καὶ τῶ[ν] ἐφήβων τοὺς ὀμόσαντ[ας ἐν στήλει.] 
[ὅρκος· ὁ δὲ ὅρκος ὅδε] ἔσται· ὀμνύω τὸ[ν Ἀ]πόλλωνα καὶ τὴν Λητοῦν καὶ [τὴν 
Ἄρτεμιν ἦ μὴν ἐάσω  καρπίζεσθαι] 

[τὴν γῆν τῆς λίμνη]ς Χαιρεφάνην, ὧι συνέθετο ἡ πόλις ὑπὲρ τῆς λ[ίμνης· ἐὰν δέ τις 
λύει τὰς συνθήκας τὰς] 

50 
[πρὸς Χαιρεφάνην, οὐ]κ ἐπιτρέ[ψ]ω εἰς δύναμιν ξυ̣νοῦ ὅρκου κειμέ[νου· καὶ 
εὐορκοῦντί μοι εἶναι πολλὰ  κἀγαθά], 

[εἰ δὲ ἐπιορκέοιμι, ἀπ]ολέσθ[αι] αὐτὸς καὶ χρήματα τὰ ἑαυτοῦ· ὀ[μόσαι δὲ καὶ τοῖς 
κληρονόμοις τοῖς Χαιρε]- 

[φάνου τὰ αὐτὰ ἅ]π̣ερ Χαιρεφ<άν>ει ὀμνύωσιν, μὴ κατανεμεῖ[ν ἄλλοις τὴν γῆν τῆς 
λίμνης] 

[παρὰ ταῦτα] δὲ ἐάν τις λέγει ἢ γράφει ἢ ἐπιψηφίζ̣[ει ὡς δεῖ ἄλλοις κατανέμειν τὴν 
γῆν τῆς λίμνης] 

[μνᾶς δέκ]α τίσει· ἐπομνυόντων δὲ τὸν Ἀπόλλω[να καὶ τὴν Λητοῦν καὶ τὴν Ἄρτεμιν 
καὶ ἐπ]- 

55 
[εύχεσθαι εὐορκοῦντι εἶναι τ]ῶι αὐτῶι πολλὰ κἀγαθά, εἰ δὲ ἐπιο[ρκέοι, ἀπολέσθαι 
αὐτὸν καὶ χρήματα τὰ ἐκεί]- 

[νου πάντα. ἐὰν δέ τις λέγει ἢ γρά]φει ἢ ἐπιψηφίζει παρὰ τοὺς ὅρκ[ους, ὡς ἀκυροῦν 
δεῖ τὰς συνθήκας, ἄτιμο]- 

[ς ἔστω καὶ τὰ χρήματα αὐτοῦ ἱερὰ ἔσ]τω τῆς Ἀρτέμιδος τῆς Ἀμαρυσί[ας καὶ ὃ ἂν 
πάθει, νηποινεὶ πασχέτω κ]- 

[αὶ αὐτὸς καὶ γένος τὸ ἐξ αὐτοῦ· τῶν δὲ] πυρριχιστῶν ἄν τις τούτων π̣α̣[ραβῇ τι, τίσει 
-----------------] 

[-----------------------------δραχμὰς ἱερὰς Ἀρτέ]μιδι τῆι Ἀμυρυσίαι· ἐξορκο[ύντων δὲ 
καὶ τοὺς -------------] 

60 
[------------------------------------ὅπως καὶ τούσ]δε τοὺς ὅρκους καὶ τὰ ψη[φίσματα -----

---------------------] 
[------------------------------------------------------------------ἀναγρ]άψουσι, τῶν δὲ 
συνθηκῶ[ν ἀντίγραφα -----] 

[--------------------------------------------πέμψαι καὶ εἰς] Μέγαρα καὶ Ἄνδρον [------------
--------------------------------] 
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[-------------------------------------------------------ἀναθ]εῖναι τὰς συνθήκας [--------------
-------------------------------------] 

[---------------------------------------------------------------ά]γουσιν τὰς αὐτὰ[ς τιμὰς ------
------------------------------] 

65 
[-----------------------------------------------------------------------τὸ] ψήφισμα τόδε [-------

--------------------------------------] 
[------------------------------------------------------------------------------]στα  ισω[-----------

---------------------------------------] 
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On the following conditions Chairephanes promises to the Eret[rians to remove and 
make dry the marsh in] Ptechai, supplying the expenses for i[ts removal himself, and 
not putting an expense on the state when he imports an]d removes on account of the 
work in relation to the rem[oval, and he will have an exemption for the import of 
stones] and wood, such as he needs for the work, j[ust as has been recorded for 
those who contract for some kind of pu]blic project. When he removes the marsh, he 
will have ri[ght to the land of the marsh for thirty talents, leas]ed for ten years, paying 
the state the ren[t by the month. Chairephanes] must remove the marsh in a 
maximum of four y[ears. The time of this contract begins the ye]ar after Hippokydos 
and the co-archons [serve as the advisory board; in addition, the time of the] four 
years is to begin from this time. [Chairephanes is to put no expense on the state 
when selli]ng the fruit (10) in Eretria nor when removing it. [The citizens are to] 
sw[ear and give pledges to Chairephanes in the name of Apollo] Daphnephoros that 
they will allow (him) to enj[oy the land for ten years at thirty talents once he re]moves 
the marsh. [This] contract is to be recorded [on a stone stele; the pledges] and the 
oath and all the other things [are also to be recorded] and set up [in the Temple of 
Apollo Daphnephoros. If] war prevents Chairephanes [from making the marsh dry] by 
removing it, [as stipulated, an equal amount of time] will be granted [to him], when it 
is possible for him and peace re[turns, as long as the war prevented him. And if w]ar 
arises, and he is unable to enjoy [the land of the marsh,] an equivalent amount of 
time will be granted to him, as long as he was prevent[ed, when it is possible for him. 
It will be permitted for Chairephanes] to make shafts for th[e underground channel] 
even on private lands, [but he must not make these except through lan]d where he 
pays compensation in advance; [if he needs land] below the mar[sh], Chairephanes 
must pay (20) this much, [reckoning one drachm]a per foot, [when he removes the 
marsh. If he drains the marsh by means of canals], he must conduct (them) away 
from the cultivated fields through uncultiv[ated ones so that they are not damaged. 
He must also make] a reservoir for the canals, no greater than two sta[dia (in 
perimeter). Because Chairephanes] himself will enjoy the land, he must prepare the 
under[ground chan]nel and the canals, and he must be careful that it turns out [w]ell, 
also for all time thereafter. And [he must put a] fenc[e around the reservoir. Where 
the wate]r flows into the underground channel he will create a sluice-gate [so that], in 
the spring, if the farmers need some of the water present, [they will be able] to close 
the channel in order to use the water. [If] something happens to Chairephanes before 
he removes the marsh, the con[tract will b]e the same [for all those working (the 
land) after Chairephanes an]d the heirs of Chairephanes. (30) [If] someone 
unlawfully questions this contract, or an archon or privat[e citizen challenges it by 
proposal or vote], thereby compelling Chairephanes and his associates to dissolve 
thi[s contract for any motive or reason], he will be deprived of his civic rights, and his 
possessions will become sacred [to Artemis], and whatever [he himself and his 
progeny] suffer, let them suffer it with impunity. [When he re]moves the marsh, 
Chaire[phanes] must bring [the promised guarantors], that the marsh will be dry [as 
he promises, and certainly he must supply] his usufruct of thirty talents. The advisors 
to the board [moved: the Council and the people resolved] that beside the contract of 
Chairephanes be recorded [the honors owed to him] previously, [and that he have] 
an exemption from duties while he performs these things on behalf of the state, both 
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by l[and and by sea, in war and in peace, and] for all those performing (such duties) 
after Chairephanes. [It is not to be permitted] always [to seize] those working with 
(him), except if someone holds the right to seize on authority of the state, [and it will 
not be permitted to] thi[s person to seize those af]ter (40) Chairephanes before they 
fulfill all their obligations towards the state. . . . guarantors . . . from As- . . ., Hieron of 
Phegoe, Oreon, Amphichares from Aigale, Timoxenos . . . –krates from Aphares . . . 
. [The advisors to the board] move[d]: the Council and the people resolved that all 
[the citizens are to take the oath] to Chairephanes in the Temple of Apollo 
Daphnephoros. Whoever does n[ot take the oath will be deprived of his civic rights]. 
The advisors to the board [will administer the oath]; the generals will administer the 
oath [to the cadets] by [year. So that] Chairephanes may enjoy [the land] for the 
(number of) years agreed upon, [the vote and the oath] are to be recor[ded on a 
stone ste]le and set up in the Temple of Apollo Da[phnephoros. Those taking the 
oath are also to be recorded on the stele], as are those of the cadets taking the 
oat[h. The oath. The oath] will be [as follows]: “I swear by Apollo and Leto and 
[Artemis that I will grant right of enjoyment regarding the land of the mars]h to 
Chairephanes, with whom the state has entered into agreement over the m[arsh. If 
someone dissolves the contract (50) with Chairephanes, I shall no]t overturn it on the 
power of an existi[ng] public oath. [If I keep this oath, may there be many good things 
for me; if I fail to keep it, may I] myself and my possessions be destroyed.” [The 
same th]ings that are sworn to Chairephanes [must also be swo]rn [to the heirs of 
Chairephanes,] that [the land of the marsh] will not be assign[ed to others in 
contravention of this contract]. If someone proclaims or moves or vote[s that the land 
of the marsh must be assigned to others], he will be fined 1[0 minae]. Upon swearing 
by Apollo [and Leto and Artemis, he must also pray that, if he keeps this oath, there 
will be] many good things for him; but if he fai[ls to keep it, may he himself and all his 
possessions be destroyed. If someone proclaims or mo]ves or votes against the 
oa[ths that the contract must be illegal, he will be deprived of his civic rights, and his 
possessions will become sacred] to Artemis Amarusia; [whatever he himself and his 
progeny suffer, let them suffer it with impunity. If any in the ch]orus of Pyrrhic 
dancers tra[nsgresses any part of these things, he will be fined . . . drachmas sacred 
to Arte]mis Amurusia (sic). . . . will administer the oat[h to the . . . (60) that these] 
oaths and the vo[tes . . . they will re]cord, and [the response] of the contract . . . 
[must send to] Megara and Andros . . . must [set u]p the contract . . . they produce 
the same [values] . . . this vote . . . 
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