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Abstracts

This thesis devel ops and evaluates the utility of an operational approach to the
archaeological study of transport in empires, focussed specifically on the remains of the
transport system built by the Khmer Empire (9" to 15™ centuries CE) that radiated out
from the capital of Angkor to its provincia centres across mainland Southeast Asia.
Previous research on the Angkorian transportation system has focussed on culture
historical approaches while interpretations of the systemic construction and function are
largely linked to one ruler, Jayavarman V11 (1181-1219 CE), through a single inscription.
The operational approach used in thisthesisis derived from an integration of several
theoretical and methodological perspectives: 1) Transport Geography theory (i.e., nodes,
links, cultural function); 2) historical examples of transport components (i.e., rest stops,
roads) and the ‘life-cycle’ concepts that characterize them (i.e., planning, seasonality,); 3)
the range of methods that archaeol ogists use to locate, describe and analyse artefacts of
transportation; and 4) identification of the general imperial requirements of transportation
(i.e., shifting boundaries, control over resources). A comprehensive investigation of the
gpatial, temporal and functional aspects of the Angkorian transport system identifies a
genera plurality of development and function. Results of this study show: 1) thereisno
single unified transport plan; 2) the transport components, including the routes over
which the roads were formalized, were the product of developments between the 11" to
13" centuries CE; and 3) site and resource location indicate that the land- and riverine-
based transport systems served different yet complementary functions. From this study
new directions for research are identified emphasizing the role of transportation at
various scales and in various aspects of Angkorian society. The operational approach is
viewed as avital step in connecting the diverse requirements and activities of empires
within an integrated and methodol ogically-rigorous framework.
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Chapter 1. The Operational Approach to Studying
Archaeological Transportation

...to a greater or lesser extent, the tyranny of distance affects us all
Hoyle and Knowles 1992:9

Transportation, movement and communication are ubiquitous and vital components of
human activity. Goods, people and ideas are transmitted through space in a variety of
different ways at all levels of society. The diversity of scales across which transport
operates (e.g., international trade, local trips) makes it an important tool in informing on
greater societal interactions with the landscape, both past and present. As societies
increase in complexity thereis an equivalent rise in the complexity of transportation and
communication networks. In archaeological contexts, the study of transportation is slowly
becoming de rigeur with more and more publications appearing on the subject (e.g.,
Erickson 2006; Keller 2006; Miller 2006; Snead 2006; Ur 2006). Despite this, the study
of transportation both theoretically and methodologically is still in itsinfancy and most
approaches focus on singular (i.e., location, description, analysis) than synthetic
perspectives. Currently, there is no cohesive summary of the theories, components and
methodological approaches to archaeological transportation on any societal scale,
including states and empires. The role of transportation is acritica component in the
functioning of empires, which relied on transport and communication in nearly every
facet of social reproduction varying from tax collection, military mobilisation and
dispersal, and pilgrimage to sacred sites. Surprisingly, given the florescence of recent
studies on global empires (see Alcock et al. 2001; Y offee 2005) few directly address the
role of transportation as a structuring element in high-ranking societies (e.g., Barfield
2001).

The objective of thisthesisisto address the following issues in the archaeological
analysis of transport:
e create an operational approach for the study of transport in an archaeological
context

e identify the importance of transportation for the study of past empires



e apply this new approach to the expansive transportation system of the Angkorian
Empire, which controlled much of mainland Southeast Asia between the 9" and
15" centuries CE

e offer anew interpretation of the Angkorian transport system and the implications

for our understanding of the Angkorian state

The general integration of transport and communication into society creates openingsto a
vast number of potential research questions. This study of Angkorian system uses an
operational approach that is directed toward broad-scale analysis of the spatial, temporal
and functional/resources aspects of the transportation system. Discussion focuses on the
basic principles of the Angkorian economic, political and religious realms of society. Itis
not focussed on the specific details of the dynamics and administration of the Angkorian
empire. Much of that basic work has yet to be done systematically for the whole of the
Angkorian period (cf. Vickery on the pre-Angkorian period [1998]). Rather the emphasis
ison an examination of how transportation would have operated to serve the generally
recognized demands of the society. Beyond the summary by Im (1999) there has as yet
been no comprehensive analysis of the Angkorian transport system. Within thisre-
examination is the critical investigation of the spatial, temporal and geographic
relationships of the transport components and major settlement. The over-arching
research question is as follows: Was the Angkorian transport system the product of a
singleruler’ s reign as has been accepted through historical evidence, or was it the result
of an accretional process that followed the expansion of the empire throughout the
Angkorian period? An important result of this processis the creation of new directions
for research emphasizing the role of transportation at various scales and in relation to
various aspects of society. A key implication of an accretional processisthat the
transportation system was integral to the medieval Khmer and its society, not arelatively
late imposition and therefore a novel alteration of that state and society.

The Rise of Transport Archaeology
Over the past decade there has been an increasing interest in the study of archaeological

transportation. Trombold' s edited volume (1991) can be attributed with renewing interest
in the subject asit provided arange of theoretical and methodological perspectives of

transportation and settlement from a variety of case studies set in the New World. Since



this publication, transportation studies have slowly increased in the literature and has
been applied to awide range of different cultural contexts and incorporated new
theoretical perspectives (e.g., phenomenological). Miller recently noted that transport
archaeology has further divided into studies of movement — the actual experience of
travel — versus studies of transport — which often focus solely on the origin and
destination of goods (2006:281). Presented together these complementary perspectives
represent a chaine opératoire of transport; a researcher must therefore understand not
only where something came from but the process of how it was obtained and reached its
destination.

The increased interest in transport archaeology is connected to the theoretical and
methodol ogical approaches developed over the past thirty years in settlement/landscape
archaeology. In order to study the relationships between settlements Clarke (1977)
suggested that we must trace the relative movements and flow of activities between
structures, sites and resource spaces. A spatial archaeology should also look at multiple
scales of activity and recognize that regardless of the level, beit local, regional, or supra-
regional, they are interrelated with one another and with the geographic constraints
(Ibid.:9). Contrary to this settlement-based perspective, landscape archaeology suggests
that the environmental milieu should be the basis of study, not just the archaeological
remains (Wandsnider 1992:286). A landscape approach, therefore, aims to identify the
devel opment across the landscape rather than just the relation to the distribution of the
settlement system (Ibid.). Transport, which acts to connect settlements and is also deeply
imbedded in its physical surroundings, is therefore subject to these same scales and

perspectives.

A second benefit of the growth of landscape archaeology is that the increased number of
regional surveys has facilitated the collection of substantial quantities of settlement and
transportation data. The importance of combining these two forms of information was
recognized by Dowdle in his seminal work on the Arroux Valley road system,

Aninvestigation of both the road networks and the settlement patterns of an area,
using one to shed light on the other, is more effective in creating a complete
picture of settlement, land use, and economics than an independent study or either
or both (1987:265).



A further advantage for studying transport is the devel opment and accessibility of
Geographic Information Systems (GIS). A GIS platform enables researchers to create,
collate and spatially analyse the information derived from surveys, literature, or by
remote sensing. Since transportation data exist at multiple spatial scales the ability to
examine the spatial relationships between roads (regional scale) and sites (local scale) at
the same time is a significant boon for transport archaeology. Most uses of GISin
transport contexts, however, have been limited to predictive applications (i.e., Whitely
and Hicks 2003). Kvamme has argued that,

the most exciting developmentsin GIS are in the analytical arena, for it is here
that we actually see new research topics and strategies never before contemplated
(1999:156).

While the application of GIS to the analysis of archaeological transport is slowly moving
toward addressing these descriptive and analytical approaches of transportation (e.g.,
Jennings and Craig 2003), the full potential of GIS applications has not been explored.
Thisthesiswill demonstrate a range of different analytical approaches using GIS based

on archaeological, historic, and geographic information.

Empires in Motion
A transportation approach isideally suited to the study of complex societies such as

states, empires or civilizations. At nearly every turn, empires would rely on some form of
communication or transportation such as movement of goods into and out of their
territory, facilitating the movement of pilgrims, or enabling armiesto quell rebellionsin
provinces. Genera syntheses (Sinopoli 1994; Trigger 2003; Y offee 2005) and
comparative works (i.e., Feinman and Marcus 1998; Alcock et al. 2001) discuss the
power relationships that enable these societiesto florish in great detail. Ironically few of
these studies include or focus on the role of transportation in maintaining these power-
control relationships. D’ Altroy, in the context of the Inka Empire, has noted some of the

key pointsin studying settlement and transportation, namely,



...we need to recognize that the distribution of imperia settlements and roadsin a
given region likely balanced regional needs with the strategic demands of
administering an extensive, variegated polity (1992:71).

The location of settlement is often connected to the requirements of particular resources
found in the landscape. Through their communication networks, empires locate resources
in the landscape and establish settlement or mechanisms to incorporate them into their
realm of control. An excellent example of a state’ s knowledge of the surrounding
territory and the distance to which it will go to procure goods is the site of Atalla, Peru.
Atalla, which is situated near one of the largest sources of cinnabar in the world, was
known to the elite of the Chavin culture whose power base was locates some 450 km
away to the north (Burger and Mendieta 2002:153). An examination of transport in an
imperial context must therefore consider why settlements were built in the landscape and

also whether it was directly connected to aformalized road system.

Smith pointed out that empires and states are often based on the actions of asingle ruler
or particular events, such as a conquest (2005:836). She argues that researchers often fail
to realize that these events are often the result of routine activities, such as taxation,
tribute, the use of infrastructure, and ritual performance, all of which may leave
recognizable traces in the archaeol ogical record. In order to understand the devel opment
of transport in an imperial context, we need to include the pragmatic and mundane
operational activities of the state, as well as recorded events. The reproduction of these
activities over time and through space is directly linked to the establishment of routes and

the ultimate formalization of transport systems.

Using the parameterslaid out above regarding the ways in which empires functioned, we
can identify alist of developmental characteristics (i.e., fluctuations through space and
time), and general requirements (i.e., economic, religious, political) that impact upon or
are impacted by transportation. This operational approach to transportationis a
potentially vital means for elucidating how a state controlled its resources, managed its

territory and laid out their settlements.



The Angkorian Transport System, Texts and Imperial Issues
The Angkorian Empire (9" to 15™ century CE) has been selected for the application of a

broad-ranging operational analysis of transportation for several reasons. The primary
reason for selecting Angkor isthat it has the remains of an extensive road system with
abundant infrastructure (i.e., bridges, resthouses, water tanks), which radiated from
Angkor toits provincial centres. Research into this transport system has been largely
limited to culture historical approaches and interpretations of the construction and
function of roads and associated infrastructure are linked to king Jayavarman V11 (1181-
1219 CE) through a single Sanskrit text, the Preah Khan inscription. Interpretation of the
remaining physical evidence of the road system has since been defined more by the
historic documents rather than through complementary examination of text and material

sources.

This leads to a second critical reason for locating this research at Angkor which isthe
need for a synthetic and integrated approach to the interpretations and data setsin the
existing literature. Over the past 100 years substantial work, mostly by the Ecole
Francaise d’ Extréme-Orient, has been undertaken on all aspects of the Angkorian society,
including the transport system. Roads have been mapped, infrastructure has been
identified and general functions have been ascribed to the overall system (i.e., Lunet de
Lajonquiéere 1902-1911; Albrecht 1905-1906; Finot 1925; Coedes 1940). Y et, other than
Im (1998; 2004) and specific studies of bridges (Bruguier 2000) and resthouses
(Ittaratana 1998) there has been no attempt to analyse the transport system as an
integrated whole. The function(s) of infrastructure and the reasons for the construction of
settlements built at the end of aroad are often mentioned (i.e., Jacques and Lafond 2004)
though there is an apparent lack of rigorous, empirically-based testing of these

conclusionsin the literature.

A final reason for selecting Angkor isthat it has not been considered within the
archaeological discussion of global empires. The city of Angkor, situated in north central
Cambodia, was the heart of an empire that controlled most of mainland Southeast Asia
particularly between the 11" to 13" centuries CE and had all the trappings of any
civilization including massive temple structures, a highly organized bureaucratic system,
and Sanskrit and Khmer language inscriptions. The concept of empire in Angkor has
been specified by historians with an emphasis on defining the chronology (Coedés 1937-



1966; Briggs 1951; Coedés 1968) and developmental stages (Wheatley 1983; Wolters
1999; Kulke 1986). A second wave of scholars (Mabbett 1978; Sedov 1978; Hagesteijn
1989; Hall 1985; Jacques 1986; Vickery 1986; Chandler 1996) has come to focus on the
politico-economic aspects of Angkorian history and it is largely from these summaries
that most of our understanding of the nature of this society is based. Discussion of
Angkor as an archaeological empire, however, has remained isolated from broader

operational comparisons with other statesin global history.

BP Grodlier, one of the most influential Angkorian archaeologists, argued that too much
effort had been invested in collecting information and not enough in collating and
comparing the data on aregional level (1986:32). His solution was that researchers need
to adopt a geographic approach whereby the Angkorian Khmer are examined within their
milieu rather than merely through the stone inscriptions that dominate the interpretations
of the society (Groslier 1980:216). Stark, and others, have recently called for the adoption
of multidisciplinary approaches using a varied range of data sets (i.e., archaeological, art
historic, epigraphic, and paleoenvironmental data) to examine the political, social,
economic and environmental contexts of state development (2006:409, 422; Fletcher et
al. 2003; Fletcher et al. 2006).

Research in Cambodia is somewhat unigue in that much of the countryside remains
untouched by modern development. The recent political unrest during the Khmer Rouge
and subsequent civil wars prevented a comparabl e re-organization of the landscape that
occurred in Thailand. Many Angkorian sites remain isolated with little to no modern
human activity to dramatically ater the archaeological record. Combined with the fact
that many aspects of Cambodian rural life have embraced traditional technology, such as
the ubiquitous ox cart which is seen on the Bayon basreliefs, it is feasible to extend our

view of the present into the Angkorian past.

An operationa analysis of the Angkorian transport system combining multiple forms of
data (i.e., archaeological, historic, geographic) in a complementary rather than conflicting
approach will be applied in thisthesis. The benefit of a complementary perspective is that
it can add new types of information (e.g., archaeological, geographic) to existing and
sometimes deeply entrenched debates that often arise from a single type of information

(e.g., histories) and adds methodological rigour derived from logical interpretations. In



addition, this approach aimsto reveal the plurality of function in the Angkorian transport
system and also the plurality of development. The Angkorian roads may have been
initially built for asingle purpose (i.e., military roads). Over time, however, this usage
would have naturally changed to meet the demands of the current cultural milieu, just as
the usage of the great baray (reservoirs) at Angkor appear to have changed over time
(Penny et al. 2007; Dumarcay 2003; Dumarcay 1994). This functional plurality is directly
related to a plurality of development which sees the transport system as result of repeated
episodes of construction, use and abandonment. The application of this operational
approach is necessary if we are to better understand the overall importance of transport
during the Angkorian period.

The Approach: Operational Empire of Angkorian Transport
Thisfollowing discussion is divided into three sections. transportation and imperial

background, description of the Angkorian transport system, and mapping and analysis of
the transport system.

Transportation and Imperial Background
The initial background chapter (Chapter 2) focuses on laying the theoretical and practical

background to the study of transportation. Thisinvolves outlining the basic principles
used in Transport Geography (i.e., nodes, links, cultural applications of transportation).
These categories are then examined through a literature review of global case studies.
These components represent the range of potential features that any transport system may
include and as such act as a guideline for specific evidence in an archaeological context.
The final part of this chapter outlines the concepts behind transportation. These concepts
refer to the ‘life-cycle’ of the roads and represent the range of practical questions that can

be asked of the component data (i.e., development, maintenance, decay).

Chapter 3 examines the range of approaches used by archaeol ogists to investigate past
transportation systems. The objective of this chapter is to outline the range of theories and
methods that have been applied and could be used in any context of road and transport
investigation. An important point that will be raised is the general tendency of
archaeological transport studies to focus on individual aspects (i.e., location, description,

or cultural analysis) rather than an integrated, broad-ranging investigation of each of



these different components or elements. The transport network analysis also needsto
integrate information on all transport routes (i.e., both roads and waterways) in an overall
landscape approach. In this chapter of the study emphasisis placed on identifying the
trends in archaeological approaches and the kinds of methods used by archaeologists to

address specific questions of the system.

The last chapter in this section (Chapter 4) deals with the theoretical aspects of
transportation and looks at the subject of empires. Emphasisis placed on the spatial and
temporal dynamics that affect all empires as well as the kinds of cultural mechanisms
(i.e., economic, religious, political) that empires use to maintain control over their
territories. Again, the emphasis here is on operational characteristics and does not enter
into discussions about models of political control or debates about what constitutes an
empire. Knowing the range of activities that required communication is sufficient
evidence for the study of transportation; knowing how these processes operated is not

required in thisinitial investigation.

The Angkorian Empire
The discussion of Angkor isdivided into three chapters. Chapter 5 outlines the

geographic and historical setting of the Angkorian period. The focus of thisinvestigation
is restricted to the 9™ to 13" centuries because the chronology of the latter two centuries
of the Empireisless certain, there was no further territorial expansion and substantial
construction appears to have dramatically decreased (Jacques and Freeman 1999:13). Itis
acknowledged that the pre-Angkorian devel opments during the Funan and Chenla periods
influenced the location of early transport and settlement of the later period (see Vickery
1998). However, the road system is, with few exceptions, connected to sites that were
built or formalized during the Angkorian period. This investigation of transport is framed
between the text-based * start’ of the Angkorian Empire, demarcated by the crowning of
Jayavarman |1 in 802 CE, to the successors to Jayavarman V11 in the late 13" century.
Particular emphasis will be placed on identifying evidence for regional communication
for the kings within this period.

Chapter 6 examines the Angkorian period in the context of an empire, specifically
identifying the role of the capital, the spatio-temporal dynamics between the reigns of

different kings and aso the basic cultural mechanisms (i.e., economy, religion, political



structure) that would have played arole in its transportation system. This review servesto
outline the usual daily business of the Angkorian empire and people; most if not all of

which require some form of transport or communication.

Chapter 7 outlines the history of research on Angkorian transport by reviewing each of
the components in the transport system. A primary objective of this summary isto
identify the critical research questions about the transport network that can be addressed
through an operational analysis. Thisis achieved by integrating not only the summaries
of each transport component but also identifying the methodological trends within past
research. In particular, this thesis outlines the biases derived from the fact that the entire
road system is linked with the reign of Jayavarman VIl through a single text, the Preah
Khan inscription. Through an operational approach, whereby information is integrated
and examined in specific sequence (e.g., spatial, temporal, cultural) the transport
information this thesis will demonstrate the inherent plurality of function and

development currently obscured by the information derived from this inscription.

Mapping and Analysis

The final section of this thesis outlines three different approaches (spatial, temporal,
resource-function) using the principles of the operational investigation of transport. By
investigating these different approaches in sequence it is possible to identify not only the
individual characteristics of transport (e.g., how it is built? when parts were added? what
function did it serve?) but that these results can be integrated to address more detailed
questions of Angkorian society (e.g., was it planned? did the spacing of infrastructure

serve specific modes of transport?).

Chapter 8 begins with the process of creating a map and an inventory of the Angkorian
transport components using remote sensing and archaeological datain aGIS. This
follows from Cooley’ s suggestion that the first step isto understand the arrangement of
transportation and then relate this to the society at large (1974[1894]:18). The
characteristics and spatial relationshipsin the Angkorian case study are examined

individually and collectively to answer the following questions,

e Arethetransport components related to each other spatially?

10



e Isthereaunified transport plan across the Angkorian system?

The temporal analysis (Chapter 9) is directed towards testing the assumptions that
Jayavarman VI was largely responsible for the physical remains of the Angkorian
transport system. Three separate approaches (temple construction/modification,
communication zones, historic events) are applied using a combination of historical and
architectural data sets. Each approaches relies on a broader range of historic data with the

overall aim of addressing the question,

e Doesthebulk of historic and architectural evidence support the notion that

Jayavarman V11 built the Angkorian road system?

The final analytical approach presented in Chapter 10 examines the physical location of
main Angkorian settlementsin relation to natural resources required by the Angkorian
Khmer. Distance between major provincial sites to economic (i.e., food, tradable
commodities), political (strategic access) and religious (sacred topography) resources are
used to assess the range of potential functions of the Angkorian road and river systems.

The primary guestions within this chapter are,

e What resources are within the immediate access of Angkorian sites on and off the
formalized road system?

e Does the establishment of major settlement relate to the imperia needs of the
state?

Conclusion
The final chapter of this thesis summarizes the results of the spatial, temporal and

resource-based analysesin a broader context. The emphasisis upon drawing out basic
conclusions but, more importantly, to identify specific research directives that need to be
explored to clarify or expand on the outcomes of this research. This discussion will
include future avenues of investigation, specifically the introduction of other concepts of
transportation (i.e., seasonality, maintenance) and archaeol ogical methods (i.e., absolute
dating methods). Further application of multi-spatial, multi-temporal and multi-
disciplinary approaches will dramatically increase our knowledge of past transportation at
any level of society. Thisthesis represents afirst step towards this broader goal.
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Objectives and Limitations of the Study
The objective of thisthesisisto clarify the information about the Angkorian

transportation system and rethink the preconceived notion of its construction as a one-off
event. Discussion of the Angkorian transport system is focussed on the analysis of its
gpatial and temporal relationships and examines the degree to which it meshed into within
the cultural landscape of the Angkorian Khmer.

[ronically, given the vast quantity of historic, architectural and archaeologica data
available we still have alimited systematic understanding of the actual functioning of the
system that would enable a comparative investigation of the nuances of Angkor’s
imperial activitiesin relation to other states and empires. This knowledge gap isin part
related to two decades of political instability in Cambodia at the end of the 20" century
that limited the fostering of research that took place in other imperial contexts. While our
knowledge of the politico-economics of pre-Angkorian Cambodiaiswell documented
(see Vickery 1998) a cohesive investigation of the Angkorian period has not been
completed. Two essential components required to build comparative models are a
coherent understanding of the political economy and quantification of the labour force
available to Angkorian rulers for temple and infrastructure projects and for the
maintenance of monuments and infrastructure. Lustig’s current PhD (n.d.) researchis
directed towards reconstructing the economic relationships of the empire through an
investigation of the epigraphic data sets. L ogistics have been dealt with broadly in the
context of Angkor’s rice production capabilities (see B-P Groslier 1979; Van Liere 1980;
Moore 1989; Acker 1998) and basic calculations of temple construction (Groslier 1935;
Dumarcay 1971) but has not been comprehensively examined for the whole Angkorian
empire. Even amajor monument such as Angkor Wat awaits alogistic analysis of its
construction and its maintenance. The ability to make systematic, detailed comparisons to
other empiresis not possible for Angkor at this time but is an important direction for
future research. The presentation of data from other empiresin this thesis (see Chapters 2
and 4) isincorporated here as heuristic devices to identify the range of components used
within past transportation systems and stages of empires (formation-through-collapse) in
relation to the general needs for and the effects of transport devel opment.
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Summary
Through these various discussions this thesis will illustrate the value in undertaking an

operational approach of past transport systems on aregional scale. The benefits of this
approach include both a detailed investigation of transport but, more importantly, that this
information extends our understanding of the archaeological remains of Angkor’s
transport and communication system. An operational study of transport therefore offers
specifics and general insights about various aspects of past society. Specificaly in the
case of Angkor it shows that, while past historical approaches made substantial
contributions to our understanding of transportation in the region, they represent only one
aspect of amore complex picture. A synthetic approach allows the appraisal of previous
ideas about transport by using a broader range of data forms and archaeol ogical methods.
Transportation systems are the result of accretion processes whereby routes become roads
and the function of these connections changes through time. By taking an integrated view
of transportation systems (e.g., roads) it is possible to evaluate their primary function but
also their interdependence with secondary systems (e.g., rivers). This plurality of function
and development is acritical perspective is assessing the dynamic nature of past transport

systems.
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Chapter 2. Transport Geography, Components and Concepts

The character of transportation as a whole and in detail, at any particular time and throughout its
history, is altogether determined by its inter-relations with physical and social forces and
conditions. To understand transportation means simply to analyse these inter-relations

Cooley 1969[1894]:39

The first step in the operational approach to archaeological transport is to identify the
elements common to diverse forms of communication and movement in the past. Tenets
developed in the discipline of transport geography (Cooley 1969[1894]; Taafe and
Gauthier 1973; Robinson 1977; Rodrigue et al. 2006) are adopted here as an abstract
framework from which general transportation analyses can be undertaken. Transport
geography offers three important el ementsin this study. First, isthat any transport system
can be broken down into a series of components — nodes, links — and also can be viewd as
complete networks. Secondly, by analysing the relationships between these components
we can identify the function of the system. Lastly, transport geography has long
recognized that transportation systems develop from and facilitate a variety of different
cultural functions (e.g., economic, political, religious and social) simultaneously.

From this theoretical background, areview of the range of transport components (e.g.,
roads, bridges, rest stops,) is presented from global history. This summary provides alist
of the potential features that could be expected in any transport system (e.g., paved roads,
watchtowers, rope bridges). The chapter ends with a discussion of the concepts of
transportation that govern the life cycle of any road sytem (i.e., planning, distance,

maintenance, seasonality).

The Principles of Transportation
Transportation is a ubiquitous feature of human activity that, by definition, involves the

movement of goods, people and ideas across the landscape. The selection and functioning
of transport is guided by a diverse range of physical and cultural influences. C.H.
Cooley’ s research on the social aspects of transport from the 19" century offers an

excellent starting point for this discussion,
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The character of transportation as awhole and in detail, at any particular time and
throughout its history, is altogether determined by its inter-relations with physical
and social forces and conditions. To understand transportation means simply to
analyse these inter-relations (1969[ 1894]:39).

Nearly a century after Cooley’ s treatise on transportation, transport geography was finally
recognized as a formal subdiscipline of geography, largely based on the idea that
transport is ubiquitous and multidisciplinary in nature (see Hurst 1974; Hoyle and
Knowles 1992:3-4).

The overarching presence of transportation in every aspect of life presents a daunting
methodological task for any researcher. Nevertheless, a set of basic principles of
movement are suggested: 1) geographic space consists of points (e.g., nodes); 2) avariety
of human activities are conducted at these points; 3) since human wants cannot be
satisfied at any one point, there is a continuous need for interaction between points; and
4) the cost of interaction isrelative to the distance between points (Lowe and Moryadas
1975:54). In order to study transport we must first reduce it to its basic attributes,
essentially exposing the skeletal framework common to all transport networks. The
transportation geographer does this first by identifying and examining the relationships
between the physical components of transport. Once the skeletal structure has been
identified it becomes possible to overlay the cultural and physical processes that led to its
formation on the landscape (Taafe and Gauthier 1973:1). The following sections will
outline the basic elements of transport geography and its important concepts and examine

the different types of cultural impulsesthat led to its construction and use.

Components and Concepts of Transport Geography
The identification of the basic physical components is the first step in studying atransport

system (Taafe and Gauthier 1973:5). Transport geography is concerned with identifying

the rel ationshi ps between nodes, linkages, networks and the modes of transport.

Nodes
Nodes are locations in the landscape where some form of significant activity occurs,

originates or ends (Lowe and Moryadas 1975:57). These loci can be settlements,
specialized sites (i.e, resource procurement), or rest stops. The importance of anode

varies according to its function or specialization; for example, in the modern world this
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can be the production of manufactured goods, or the provision of retail trade or
professional services (Ibid.). The significance of a particular node shifts through time

with the corresponding needs of society.

Breaks and Termini
Breaks and terminals are specific types of nodes that play a particular role in the

management of space, logistics, and extent of the network. A break is defined as‘an
interruption of the movement at least sufficient to cause atransfer of goods and their
temporary storage’ (Cooley 1969:76). A break may be located anywhere that goods must
switch from one mode of transport to another (e.g., boat to land transport, maritime to
riverine vessels, or wheeled cart to pack animal). Rodrigue and colleagues use the term
barrier rather than *break’ and identify absolute, which require amodal change or detour)
and relative barriers, which result in an increased cost friction (2006:9).

Regardless of the terminology employed, two different types of breaks can be identified.
Thefirst are physical breaks found in the landscape such as mountain passes, cliffs, or
rivers. As aresult of these activities aresident population often grows around the break in
response to the needs for manpower to function (Rodrigue et a. 2006:126). Cooley
(1969:77) argues that commercial cities are nearly always present at or near physical
interruptions, which resultsin the city gaining substantial regional importance. Physical
breaks to transportation in aregion can therefore be examined to determine how the state
dealt with geographic impedances and the nature of settlement at these breaks can be
used as an indication of its relative importance.

The second type is the cultural break which isrelated to commercia or economic
requirements whereby ownership of the transported goods changes (Cooley 1969:76). As
with the physical break, the cultural break also requires considerable infrastructure to
load and unload goods, build storage facilities, and provide shelter and supplies to sustain
the travellers. In time, the commercial city becomes a political city, whereby seats of
industry and political power emerge as population and wealth flow into the city. The
cultural/political break can aso occur at the territorial division between two neighbouring
groups (1bid.:76-77).

It must be noted that not all crossings of linkages result in abreak in transportation. Lines

of transport (i.e., roads) that cross each other do not require the appearance of a break. A
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break is more commonly a feature such as atopographic shift (e.g., hills) or awater body.
In looking for locations to cross these breaks we need to look at most easily afforded

routes, such as passes, a suitable ford on ariver, or an estuary (Cooley 1969:78).

The other specialized node is the terminal. The distinction between terminals and breaks
is arguably somewhat fuzzy, as any end of movement could technically be called a
terminal. The difference between them is that the terminal functionsto provide a service
to ahinterland (Rodrigue et al.2006:136). In this case the terminal is the location from
which goods are then distributed to peripheral regions of a state. From another
perspective, terminals can also be locations of manufacturing or resource extraction that
act as collection points for the movement of goods into the network. An interesting
feature of terminalsisthat they are frequently the largest single users of land in acity or
region (I1bid.:130). Again, the size of the siteisrelated to the considerable space required
for storage or production of goods (Cooley 1969:78). Discovering why terminals are
situated where they areis of particular importance in understanding the development and
function of the network itself.

Linkages

Li nkiges are the physical connections that facilitate communications between nodes.
Roads, paths, rivers, canals and ocean routes are all different types of linkages. The type
of linkage is normally related to the nature of the communication (i.e., military roads,
trade routes). The most important form of linkage in aterrestrial system isthe trunk line.
The trunk line provides the backbone for regional communication connecting major
centres to adjacent settlements through the addition of smaller secondary routes. As with
nodes, linkages are not necessarily permanent/fixed features and can be temporary as
dictated by geographic or cultural circumstances (Lowe and Moryadas 1975:69).
Linkages can also be studied at multiple scales of analysis. For example, a connection
between two nearby way-stations is one form of link, while a series of roads that facilitate

communication across a region between major commercial centresis another (1bid.).

Networks
The overall pattern of nodes and linkages in a region comprises the network. Nodes

connected by major and minor roads, roads and rivers or ocean routes each represent a
form of network. The visible structure of each network varies greatly depending on the

linkages and flows between nodes, their nature, size, function, and accessibility to the rest
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of the network (Taafe and Gauthier 1973:2). Networks appear in avariety of different
forms such as radial, dendritic, linear, and grids. The differences between these different
types are related to their politico-economic function and geographic stimuli. For instance,
aradial network shows greater importance of a single node, the hub, from which all
activity entersinto or departs from. A grid network, by contrast, shows more

heterogeneity in the relationships between nodes.

Aswith linkages, a network can occur at multiple scales including city, regional or
supraregional levels. One of the most important characteristics of the network is that its
form corresponds with the territorial structure of the region thereby alowing flows
movements to take place (Robinson 1977:5). By studying the network an entire range of

cultural information becomes apparent.

Transport Geographers rely on the study of networks to understand the character of a
transport system. Network analysis varies according to the kind of attributes being used.
The researcher can consider locational (i.e., geographic setting, size, form, number of
nodes and links), modal (i.e., the infrastructure and kind, volume and direction of traffic
that usesit), or structural attributes (i.e., overall layout of anetwork) in their analysis of
the network (Rodrigue et al. 2005:2:11). Methods devel oped to analyse networks include
the use of graph theory (Taafe and Gauthier 1973:100-116) and measures of centrality
involving complex algorithms (see Hensher and Button 2000).

Accessibility
Participation in aregiona network is defined by its accessibility. The easier it isto reach

anode the more activities will take place and the more people will interact with the node.
It follows ipso facto that sites that are distant from the network will not reap the same
rewards. The nature of accessis strongly influenced by the structure of the network with
the result that the construction of routes privileges one node over another (Robinson
1977:65; Lowe and Moryadas 1975:75). Access is therefore one of the most important
concepts in examining transportation and transport geographers have developed a means

of measuring this attribute.

The means of understanding access stems from a comprehensive examination of the
regiona network. Robinson (1977) suggests that we start by asking the following series

of questions: 1) which are the locations whose accessibility is significant?; 2) in what
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unitsisthe accessibility to be measured?; 3) what transport mode is being considered?; 4)
what is being moved?; and 5) how is the capacity of the networks and modes of transport
involved to be included in the assessment? (1bid.:65-66). The way in which access can be
measured should follow these stages. 1) define the study area and selected locations; 2)
select the mode of transport; and 3) establish the distance measure (1bid:73). By adopting
thiskind of approach it is possible to assess the physical distances between sites and

routes of transportation.

It isimportant to remember that node accessibility rarely remains constant. Itsrelative
access will shift as the regional network develops over time. This raises the question,
does accessibility encourage growth and create large towns, or, conversely, does alarge
town influence the growth of the network and therefore increase regional access?
(Robinson 1977:74). The issue of large cities being more connected than smaller towns
suffers from asimilar circularity; the size of the larger town may in fact reflect growth as
aresult of transportation, and not necessarily that the site was chosen because it was large

in thefirst place.

Network versus System
For the purpose of this study we need to distinguish between a transport system and the

transport network. A formal definition of atransport systemisthatitis,

...composed of acomplex set of relationships between the demand, the locations
they service and the networks that support movements. They are mainly
dependent on the commercial environment from which are derived operational
attributes such as transportation costs, capacity, efficiency, reliability and speed.
Such conditions are closely related to the devel opment of transportation networks,
both in capacity and spatial extent. Transportation system are also evolving within
acomplex set of relationships between transport supply, mainly the operational
capacity of the network, and transport demand, the mobility requirements of a
territory (Rodrigue et al. 2006:38).

As such the transport system refers to the real-time function and life cycle of

transportation and movement through aregion. A network is a mechanism for

recognizing the spatial relationships and measuring access between locations in space.
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This abstraction removes the clutter of how the system functions. In this thesis the focus

will be on identifying the transport system as part of the broader operational approach.

Modes of Transport
The last, but perhaps most important element of transportation is mode or traffic that

utilized the network. The importance of traffic on a network is summarized by Robinson,

...mode of transport influences the effect of distance as a resistance, and once a
network is established the mode of transport can determine the distance between
placesin terms of time, cost, energy or effort (1977:55).

Traffic can therefore delimit the physical size of the links and the types and frequency of
nodes. Over time, changes in modes of transport may require the establishment of new
routes because the initial linkage is poorly suited to accommodate the new modes of
transport. It isnot surprising then that linkages and traffic are seen as different sides of
the same coin with the one directly affecting the other (Hindley 1971:1). In the context of
a society with no written record detailing their mode of transportation a detailed study of
the physical characteristics of linkages could provide clues to the way that they moved
acrosstheir routes. A variety of forms can be identified in both land- and water-based
modes. Land transport in ancient contexts is broadly divided the categories of animal-,
wheel-, and foot-based traffic (see Deloche 1993a). Water transport includes a broad
range of different vessel types, use of animals and tracking, which involves towing
vessels by ropes on land (see Deloche 1993b).

The abstract components of transportation provide the structural or formal picture of a
regional network. Since transportation isintegrated into most facets of human activity the
true value of examining the physical components of a system iswhen it isre-integrated
with the other subdisciplines of geographic inquiry (i.e., economic, political, regional,
historical and population geographies) (Rodrigue et al 2006:3-4). Once the components
of transport are outlined they are evaluated in relation to physical constraints such as
physiography, hydrography, and climate (Rodrigue et al. 2006:8), and then integrated

within the cultural milieu, which also influences and is influenced by its construction.
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The Cultural Operations of Transport
Cooley argued that transportation was the means toward understanding the spatial

organization of society and that its study must include its relations to every social
institution (1969:40). In any level of society, the physical components of transport must
be evaluated relative to the economic, political, religious, and social dimensions that may
have guided its construction. Each of these cultural impulses has different motivations

and impacts on the devel opment of networks.

Economic
The need to move material with economic value from one place to another is the most

pervasive aspect of transportation. From early transhumance and foraging to the
formalized routes of empires, our history islargely shaped by the need for trade and
exchange. Asindicated above, economic motivation plays a significant role in both the
theoretical and practical study of transportation. Geographers have largely pre-occupied
themselves with the discussion of economic principles, such as catchment analysis,
down-the-line trade networks, and central place theory, to assess the way people place
themselves in the landscape (see Robinson and Bamford 1978; Rodrigue et el. 2006). In
terms of regional development, the more complex the society the more specialized the
network becomes. Production centres and trade routes appear in the landscape to facilitate
broader scale redistribution of resources across the region.

We can therefore look at a transport network in terms of the types of goods produced at
the various nodes and where, and how, these goods would be moved across the network.
A purely economic transport system would tend to be integrative, likely connecting many
centres of various sizes in aregion. Through time, economic shiftsin supply and demand
or the introduction of new goods often cause changes in the location of routes and flows
of traffic.

Political
Another common function of tranposrt networks is the exertion of political control.

Within transport geography military goals of transportation are considered within the
political context. The ability to move troops at any time of the year for the purposes of
conquering distant regions, controlling provincial territories or defending the capital are
all extremely important factorsin the development of regional transportation. Military
roads are often the first foray into afrontier region, followed soon afterwards by the
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socio-economic waves of people and goods along them. They are normally very well
built and regularly disregard physical obstacles and generally avoid existing settlements
(Cooley 1969:45). The flipside is that while the military road provides a means of
facilitating attack it also acts as a weakness in defence; the road creates a direct route to
the centre (Forbes 1964:11).

On amore general level, it is suggested that while the political state isthe most
conspicuous form of social unification, transportation is the most obvious example of the
state isits physical form (Cooley 1969:104). The extent of roads is likened to the extent
of the state. By creating good travel routes to regional centres the state is exerting
stronger control over the region than neighbouring powers (Ispahani 1989:7-11). This
control can take the form of facilitating royal visits of ceremony, dissemination of
propaganda or decrees, and security throughout the region while simultaneously allowing
the movement of tribute back into the capital (Cooley 1969:49; Ispahani 1989:2). Trunk
lines, the main arterial routes in aregion, are often constructed as political markers of
territory and provide the basis for most secondary routes in aregion. Construction of
trunk and military roads, such as those built in Indian and Roman contexts, usually takes
place during a period of political expansion or consolidation of an empire, as the capital

resources required to build and maintain these routes is substantial.

Religious

Th(f purpose of religious linkagesis to facilitate the movement of ideas and people, either
connecting settlements with holy locations or provincial communities to a sacred centre.
The spread of religious dogma by leaders also involves the movement of holy items, such
as books or ecclesiastical documents, in tandem with the regular perambulations of
monks or clergy (Cooley 1969:58). The most conspicuous form of religious movement is
pilgrimage. The regular movement of people, which can number in the thousands, to
sacred localesis aglobal phenomenon. Intertwined with pilgrims’ visitation of holy sites
is the occurrence of festivals and location of festivals, which act as a means of diffusing
both art and knowledge in addition to religious fervour at the location. Cooley argues that

these festivals were among the earliest centres of incipient economic activity (1bid.:56).

The effects of religion on atransportation network are normally less dramatic than
political impulses. Unlike trunk or military roads the character of religious routes can

vary from large formalized causeways to the simplest of paths. Bharwg’s (1973) study of
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Indian pilgrimage shows that there are ranks of sacred places and corresponding levels of

transportation routes.

Social
The least tangible influence on transportation is the realm of social relations. While

inherently all aspects of society are affected by transportation, the drive to construct or
modify aformalized network is never derived from exclusively social factors. The effect
of transport is to reduce the time/distance of moving across the landscape. Roads built in
proximity to settlements therefore encourage movement allowing easier communication
between families or establishment of new ties between distant regions. Over time the shift
In aroute may act to compromise or sever families or end dynastic alliances. A further
point made by Cooley that is central to the study of transport in this context is that urban
locations were established along roadways for specific economic, politico-military and
religious reasons (1969:75). For example, sites appear on the landscape because they
have access to or can produce a commodity that is valued within the region
(Ibid.:1969:82).

Transport Geography Summary
This summary of transport geography outlines the basic framework from which all

studies of archaeological transportation can be made. All transport can be divided into its
respective elements - nodes, linkages, networks and modes. Each network is subject to
specific principles of transportation such as breaks and the limitations of access. Finally,
transportation occurs in the landscape as a complex mix of cultural impulsesthat vary in
their intensity and influence over the life-cycle of a network. Each of the cultural forces
of transport can have significant influences on the development and use of a network
system. It should be noted, however, that it is rare that a single stimulus would be solely
responsible for the resultant transportation system. More likely they are a hybrid of
varying levels of influence. From this review we can now turn to outlining the different
forms that these components have taken in the records of global history.

Components of Transportation: Global Examples
From the review of Transport Goegraphy we can identify three types of physical

components (linkages, nodes, modes) that would be part of a greater transport network or
system. By reviewing the global examples of transport a comprehensive list of potential
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components is identified that can be used to assess the range of features one could expect

from the investigation of a past transport network.

Linkages: Routes
Routes correspond to the linkages of the transport geographer. A route is the most

obvious physical manifestation of aterrestrial network and is the starting point for most
historic research into past transportation. Dowdle suggests that arouteiis,

is the more complete reality behind aroad...aroad may exist for a great length of
time, but its status as aroute is dependent on its use at any particular time
(1987:270).

The two main categories of routes that can be identified historically are land and water-
based.

Land Routes
Land routes can be divided broadly into formalized (roads) and non-formalized (paths).

Roads are distinguished from paths in that they are a prepared zone in the landscape, are
generally more direct, show a considerable amount of labour investment and are planned
(Beck 1991:67). By contrast, paths are seen as the result of wear. Ur suggests another
difference isthat roads speak of intentions, while tracks speak of actions (2006:1). The
link between them is that they both function to overcome or minimize distances
(Trombold 1991a:3). Paths and trails are less visible on the landscape a though they
would have been just as important as major roads in cultural transmission at local and
regional levels. Snead (2002; 2006) has recently spearheaded the importance of studying
trailsin archaeological contexts by incorporating anthropological ideas related to

movement.

Road Construction Techniques
The simplest formalized land routes are cleared or graded surfaces that are often lined

with curbs, low or high walls (Beck 1991:75). Cleared roads were a common feature in
ancient Egypt (Fenwick 2004; Gates 2006), Dahomey (Alpern 1999:15), India (Deloche
1993a:100), and Peru (Thompson and Murra 1966). Features found in association with
these low-lying roads are drains, retaining walls, and steps (Thompson and Murra
1966:634). While the cleared road is not visibly impressive, the feat of clearing debris
along the length of aroad still requires considerable effort. Examples of cleared pathsin
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Africa, whose basal soil isextremely hard packed, were extremely effective
communication routes (Hester et al. 1970:387).

Roads built up above the surrounding landscape are the second type of formalized land
route and include raised earthworks including embankments, terrace ways, and
causeways (Morriss 2005:80-100). The most conspicuous builders of artificially raised
routes were the Roman engineers and their extensive network of roadsin Rome's
European provinces. The Great Wall of China, while not aroad in the conventional sense,
Is another impressive form of raised route that served the dual function of abarrier and
transportation artery (Luo 2006:46). New World examples are found in the Mayan sacbes
(Folan 1991; Shaw 2001) and also the pre-Columbian raised roads in Bolivia (Erickson
and Walker 2006).

A typical list of stages for constructing raised roads include: preparation of subsoil,
preparation of foundation, and the laying of pavement or ‘road carpet’ (Forbes 1964:16).
A primary consideration of road construction is the ability to drain water from seasonal
flooding. Raised roads are therefore designed to deal with water drainage through
levelling or the addition of other engineering structures (1bid.:18). Mayan raised
causeways, or sacbes, are equipped with culvertsto allow the flow of water from one side
to the other (Folan 1991:222).

Road Widlth
The size of aroad is determined by and limits the type of traffic that can travel aongit.

For instance, roads designed to serve particular traffic (i.e., single cart) may not be able to
accommodate larger vehicles. Thiswould have a severe impact on march rates, column
size, and vehicle wheel gauge of military units (Hassig 1991:22-23). Roads are not
universally kept to the same width. Hyslop showed that variability in Inkan road width is
related to access and distance to labour, whether the road was built or reused by the Inka,
and religious or political purposes (1991:30). Road widths varied for similar reasons
within the Roman period, reflecting the function of nodes connected to the network
(Hindley 1971:42). A summary of the different roads in global history illustrated in Table
2.1 shows the range of road widths found in historic contexts. The largest roads tend to be
those associated with imperial or royal functions and are often greater than 20 m in width.

Lay suggests that the most common historical wheel gauge was 1.4 m to 1.5 m, which for
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atwo-way road required awidth between 4 m to 8 m; the average footpath required 0.5 m
while bridle or cattleways needed a1 m width (1993:36).

Road Strajghtness
Since a straight line is the shortest distance between two points, we would expect most

connections between sitesto be as direct as possible. The ability to build a straight road is
largely delimited by the local topography. Topography, however, is not always the victor
in determining how ancient groups moved across the landscape. Roman engineers were
famed for disregarding topographic features across their empire. The adage ‘straight as a
Roman road’ has generally been applied to the orientation of these roads as they normally
follow the most direct route between two points (Margary 1967:504). Straight roads were
not necessarily always the most desired form. Chinese roads were often built in anon-
linear fashion with numerous bends and turns as a means of avoiding evil spiritswho

alwaystravel in straight lines (Gregory 1931:114).

Road Surfacing
Surfacing is used to stabilize aroad, to reduce wear and make it passable throughout the

year. The decision to surface aroad requires significant resources to build, both in funds
and labour, and then requires a regular maintenance schedule. Forbes (1964.2) argues that
artificial roads with prepared and preserved surfaces were a necessity once a civilisation
became alarge and stable empire. Paved roads enable a centralized government to rapidly
deploy troops to hinterlands, or provide a year-round access for the movement of trade
goods or tribute. From a political and religious point of view the ramifications of
suddenly coming across a paved road would have a profound emotional and or
psychological effect on travellers moving into a city (Laurence 1999:9).While paving is
not universal it ismore likely to occur in empires that are relatively stable or centralized

to deal with the significant resources needed to build and maintain a surface.

The actual types of surfacing used historically are quite varied. Pounded bricks, laterite,
lime, and mosaics of rough cut stones have all been used historically (Deloche
1993a:113; Gregory 1931:275; Folan 1991:222; Hirth 1982:323). Roman engineers were
responsible for the most extensive use of paving which was designed to facilitate the

movement of cart traffic (Laurence 1999:62).
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Generally speaking the distribution of paved roadsis restricted to the vicinity of major
cities (Deloche 1993a:114). Processional roads in Persia employed breccia and limestone,
both of which were obtained from distant sources. Inside the Persian cities, however, only
sun-dried or baked bricks were found or the roads were not paved at all (Forbes 1964:73).
Restrictions of the use of paving were also evident in Han dynasty Chinawhere only one
of three lanes was paved, and this was reserved solely for transmission of the post
(Pirazzoli-t’ Serstevens 1982:74). Contrary to popular belief paving was also not a
universal feature of all Roman roads. In both the Arabian and British provinces there
were very few examples of the classic Roman paving found closer to the heart of the
empire (Graf 1997:125; Margary 1967:21).

The decision to leave aroad unsurfaced can be based on a number of different factors,
such as lack of usable material, construction and maintenance expense, emphasis on
fluvial transportation, or desire to prevent access into or out of the capital (Deloche
1993a:113-114; Hester et al. 1970:386) Another important consideration is that while
paved or surfaced roads allow easier travel for wheeled vehicles, foot and animal traffic
are often hindered by the solid surfaces. The use of paving therefore does not necessarily
equate to improved functionality. Cleared roads such as those found in Nubia (Hester et
al. 1970) and simple embankments are often just as adequate as the elaborately
constructed examples.

Water Routes
Water routes such asrivers, canals and oceanic routes have played a major role in human

movements for millennia. By constrast with roads, water routes represent ready-made
‘paths’ that require very little investment (with the exception of canals) to use. The
greater investment lies in the construction of boats and abiity to navigate across the water
body. For the purpose of discussing the in-land network of Angkor we will restrict the

review to therole of rivers and canals.

Rivers are likely thefirst regional transportation routes utilized by all past societies.
Riverine transport requires little initial infrastructure and has the advantage of avoiding
physical and cultural obstacles found on land (Cooley 1969:53). It is argued that the great
civilizations of antiquity (i.e., India, Egypt, Mesopotamia) arose next to great river
valleys, in part because they are more predictable axes of communication than terrestrial
routes (see Witffogel 1981; Deloche 1993b:5). Prominent centres found next to such

27



rivers had access to greater trading ranges and established control, be it political,
economic or cultural, over alarger area than those without such access (Rodrigue et a
2006:14). Land transport systems are often secondary to main rivers like the Ganges,
which acts as the backbone or trunk line for regional transport (Deloche 1993a:114).

River travel is generally slower than land transport but is capable of moving substantially
larger volumes of goods. The Roman Empire relied on rivers to supply bulk goods (i.e.,
cereadls, building materias, wine) to their armies and distant settlementsin mainland
Europe at substantially little cost (Lopez 1956:21; Berry 1987:579). By contrast, goods of
greater value were often transported by land (Cooley 1969:37).

Canals also feature prominently in many historic states. The transportation role of these
constructed water routes is to extend inland the economy of movement by water, to
shorten existing routes, or by-pass rapids or shallows (Cooley 1969:39). In contrast to
natural rivers artificial canals require substantial resources and effort to construct. The
integration and manipulation of inland water transport at a state level was along-standing
policy of the Chinese dynasties dating back to the control of the Y angtze River by the 3rd
century BCE (Leonard 1996:9). The first recorded canal was built in 130BCE in the Han
capital region (124km long) (Scarborough 2003:79). Beyond the obvious utility of water
transport for troops and supplies, Chinese rulers had to deal with the propensity of their
enormous rivers to suddenly diverge from their original course. In several instancesrivers
have avulsed causing massive, sudden destruction as recorded on the Yangtze in 1194 CE
(Harrington 1974:36). Thisis called avlusion, whereby rivers changing from one channel
to another, or abandoning a channel and creating a new one, usually during a single flood
event.

Improvements on the Chinese canal system continued to the Y uan-Ming Dynasty Period
(late 13" century CE) which coincided with the completion of the 1800km long Grand
Canal (Harrington 1974:36; Leonard 1996:28). Begun in the Sui-Tang period (581-906
CE), the Grand Canal created a vital north-south access route to complement the existing
east-west river network connecting Khanbalik (Beijing) to Hangchow (Harrington
1974:36). The importance of this canal was such that subsequent rulers continually made
additions as a means of symbolically connecting their reign with the imperial control of
the past (Leonard 1996:26). The entire length of the Grand Canal was also bordered by a
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paved road (Harrington 1974:36). This synergy of water and land transport reflects the
broader trend in ancient transport that saw the duplication and interconnectedness of

different forms of communication.

River networks must ultimately be connected to aterrestrial network (Cooley 1969:37).
In northern India the rivers attracted substantial roads either intersecting or running
parallel to the water course (Deloche 1993h:37). If they are not interconnected it may
reflect the navigability of riversin aregion. Deloche suggests thisis why majority of
southern peninsular riversin Indiawere not connected to land routes (1bid.). Connectivity
of riversto formalized land routes may therefore give an indication about how regularly

rivers were used in the past.

Nodes: Support Infrastructure
Roads are only one part of the greater transportation network. While they provide the

direction for movement, various forms of support infrastructure are needed to make travel
possible — shelter, water, and shade. These needs are manifest in the real world through
the placement of bridges, rest stops, water tanks, and trees.

Crossing Water
Rivers and ravines are the most difficult obstacles to land transportation (Deffontaines

1948:357). The ability to cross over riversis atherefore fundamental requirement of any
transport network. The most basic means of crossing ariver isat aford. Fords are points
on ariver where the depth islow enough to allow traffic to directly move directly across
it. The main problem with fords, or riffles, is that they tend to move downstream with the
flow of sediment in the river. Because fords are natural crossing pointsit is not unusual
for other types of crossing mechanisms to appear at the same location. Whererivers
cannot be forded the simplest methods for crossing are the use of floating devices (i.e.,
earthen jars, inflated skins, coracles) or the establishment of aregular ferry service
(Deloche 1984:1). Animals are also frequently used to move across river. Elephantsin
particular are extremely useful for crossing bodies of water as they are adept swimmers.
Elephants regularly take their riders across rivers and have been know to make oceanic
trips up to half aleague (ca. 2.4 km) from shore, or even between distant islands
(Charney 2004:144).
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Depending on the importance of the crossing a more solid bridge may be erected to
facilitate frequent use. The simplest types include boat bridges, floating bridges —where
wood is laid down transversely on the floating rafts — and suspension bridges (Deloche
1993a:52-61). From a cost perspective these structures are very effective but require
regular maintenance. Bridges built by the Inka were made of poles and ropes and needed
continuous maintenance (Thompson and Murra 1966:635). In a fusion of animal and
simple solid bridges, the Chola king Rgjendra was said to have created an elephant bridge
whereby his soldiers crossed a channel over the backs of the animals (Deloche
1993a:128).

Permanent bridges fall into two basic categories: wood and masonry. Wooden bridges are
often constructed first and are generally adequate for most forms of river crossing
(Harrison 1992:249). Timber bridges share the same problem as suspension bridgesin
that they lack durability and therefore require periodic or seasonal repairs. For the Inkan
bridges, obtaining access to wood of an appropriate size to repair bridges was
exceedingly difficult in high altitude zones (Thompson and Murra 1966:637).

A ‘permanent’ solution to the problem is the erection of a masonry bridge. Masonry
bridges, as aresult of their construction material, are the most common archaeological
evidence of ancient crossing locations. There are numerous bridge types based on their
building material and construction technigque; examples from Indiainclude pakka bridges
(stone and brick), stone beam bridges, bridges built on massive hewn piers, bridges on
columns, corbel vaulted bridges, and bridges with true arches (Deloche 1984:1-10). It is
important to point out that unlike other bridges, the corbel arch is built on architectural
and not engineering principles and as aresult its massively thick piersrestrict larger
volumes of water than would a bridge made with atrue arch (Ibid.:16-18). The raised
aqueduct as built by the Roman is another important structure in the list of bridge types
(O’ Connor 1993:150).

Like roads, the decision to construct a masonry bridge represents a significant investment
of resources. It is therefore uncommon to find stone bridges on every route or even along
all parts of asingle route. Looking at historic case studies, Chinese masonry bridges are
clustered around cities and on important routes (Clark 1991:97,106). The Indian pakka
bridges are a so restricted to special places (i.e., capitals, pilgrimage centres) and did not
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play an important role in regional traffic (Deloche 1984:1; Deloche 1993b:19). Roman
bridge construction is an exception to this rule as they built substantial masonry structures
in most of their provincia territories (O’ Connor 1993:63-131).

Rest Stops
Once a continuous route is established it eventually becomes provided with amenities for

the traffic moving along its length. Categories of structures commonly found next to
historic roads include resthouses and inns, postal stations, forts, chapels and shrines.
Obvioudly, the role of these buildingsis derived from the cultural role of the route, be it

social, economic, political and religious in nature.

Resthouses and Inns
Stops are primarily designed to provide shelter from the sun, food, or security at night.

Examples of resting places have been found among the Roman (Chevallier 1976:107-
109) and Inkan (Hyslop 1990:278) road systems. However, it is the Indian subcontinent
that provides the greatest array of information. The earliest formal requirement for the
regular placement of resthouses appears in the 7" Asokan pillar edict dating to the
Mauryan period (3" century BCE) (Farooque 1977:4; Deloche 1993a:142). Indian rulers
continued intermittently to build resthouses up to the 19™ century (Deloche 1993a:177).
The scale of resthouse construction varied considerably within this history. For example,
Firuz Sah Tughlak in the 14™ century ordered that 200 rest houses be built in Hindustan,
while Ser Sah was supposed to have constructed 1,700 buildings of various materials
during the 16™ century (Ibid.:142,167). The distribution of resthouses tends to be
associated with major routes (Deloche 1993a:164-165).

There is a considerable amount of variation in the form of resthouses. Mughal serai
varied regionally and in relation to the importance of traffic or interest kings or patrons
(Deloche 1993a:168). These variations are evidenced in the wide range of physical forms.
South Indian rest houses can be constructed from a range materials from structures made
of four-post and a palm leaf roof to clay or mud huts to brick or masonry buildings
(Ibid.:160-161). The actual form of these latter buildings varies from small three-sided
structures with terraced or vaulted roof in the country to large buildings with multiple
rooms found closer to main towns (1bid.:161; Faroogque 1977:97-98). The resthouse
recently found in Iran was approximately 30m by 50m (Potts, personal communication,
March 2007).
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Function of Resthouses, Chapels and Shrines
Resthouses in global contexts have been built to shelter people of al levels of society.

The primary intent of Indian resthouses was to distribute medicine and food to the poor or
to wayfarers that found themselvesin difficulty (Deloche 1993a:142). Both Hindu and
Mughal kingdomsin India recognized the need for rest houses athough they served
different purposes. Generally, Hindu resthouses had religious and economic purposes,
and had names such as dharmasala (resthouse), punyasala (house of rest), and agnisala
(house of fire) (Ibid.:142;166). Indian resthouses were normally built along the great axes
of pilgrimage and offered meals to Brahmins and wandering monks (Deloche 1993a:164-
165). Mughal caravanserai or serai by contrast were used solely for economic
transactions (1bid.:160). Serai are therefore more commonly found on trade routes.
Resthouses were also built to shelter society’ s elite. Recent discoveriesin Iran have
identified alarge royal rest house on the Persian road between Persepolis and Lydia (Dan
Potts, personal communication, March 2007).

In medieval Europe, chapels and hospitals are constructed at various locations such as
along pilgrimage routes, at the head of bridges, in heavily wooded regions and at the top
of valleys (Deffontaines 1948:324). After the canonical rules of Charlemagne, the monks
living at these institutions were similarly responsible for supplying pilgrims with shelter,
fire and water (Ibid.). Smaller shrines are also found along road networks. These shrines
were not places to stay but instead represent places to offer worship or reverence. Inkan
roads were connected to a series of natural or man-made shrines called huacas around the
empire (Bauer 1992:185).

Storehouses
Storehouses for food and supplies are also found along roadways. The best example of

storage facilities is provided by the Inka, who created a network of regularly spaced
storehouses, or qollga (D’ Altroy and Hastorf 1984:336). These structures functioned as a
means of maintaining reserve materials for trade and tribute (1bid.:347-348). By contrast
with other way-stations, these storehouses were directed toward politico-economic

benefit of the empire rather than the needs of the traveller.

Posting Stations and Courfers
One of the consequences of imperia expansion and control is the need to need to quickly

transfer information over great distances with relative speed. Thisled to the organization
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of human or animal-driven postal or courier stations (Forbes 1964:80). During the Han
Dynasty a hierarchy ranging from small posts, postal stations and larger postal centres
were used to transfer messages around the country. These latter structures had substantial
archaeological footprints consisting of horse stables, an inn for officials and authorized
travellers, and also gaols for prisoners in transit (Pirazzoli-t’ Serstevens 1982:74). Posting
stations were a common feature of Roman design, as evidenced in the mansions found
along the roads in Roman Burgundy (Berry 1987:552). The Achaemenid road system
similarly had a series of way stations staged at one-day intervals for couriersto replenish
themselves between Sardis and Susa Kuhrt 2001:116).

Military Forts
Military forts appear in frontier areas to defend newly acquired lands and protect

territories from invasion. Roman forts were positioned at regular intervals equivalent to a
day’ s march along roads and at strategic pointsin distant territories like Arabia and
Britain (Johnston 1979:53; Graf 1997:123-125). A military road with fortsis distinct
from other routes as settlement normally appears nearby at alater date when the function
turnsto local and regional economic patterns. Roman camps along the Euphrates River
were placed there to keep control of river crossings and natural landforms for the enemy
to cross or to obtain supplies for garrisons and posts that rely on local sources (Dabrowa
1997:111).

Water Tanks
Regular access to water is auniversal need for al travellers. Water is used not only for

human consumption but to support war mounts and beasts of burden (Charney 2004:192-
193). In response to this need, tanks, ponds and wells are often dug near roads or in
conjunction with rest houses. The need for water is most vital in hot climates where water
is permanently or seasonally restricted. Without artificial water holes a route would be
unusable for at least part of the year; as aresult they are regularly found across India and
the African provinces of Rome (Deloche 1993a:185; Hindley 1971:39). Water tanks can
take a variety of forms. Excavated basins can sometimes be lined with stone while other
types sit above ground and trap water by large earthen embankments (Deloche
1993a:185). Generally, tanks are rectilinear in shape, especially in South and Southeast
Asia. The decision to build tanks adjacent to roads may be part of a state-based regional
plan or are constructs made by people who inhabit the immediate area surrounding the
road.
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Trees
Another practical addition to aroad network isthe regular planting of trees. Trees provide

shade for travellers along the way, a point that would have had significant impactsin
regions with hot climates. The effort required to plant trees might seem trivial. However,
the act of lining major transport arteries with trees was seen as afeat of exceptional
political power. In India, the planting initiative began with Ser Sah (15" ¢. CE) and
continued up to the reign of Jahangir (early 17" ¢. CE). It was during Jahangir’ s reign
that the entire length of the 1,100km long Grand Trunk was finally lined with trees. This
ability to create such immense tree-lined avenues was a political symbol of theking's
philanthropy and determination to control the communication lines of his empire
(Deloche 1993a:144; 147-149). Religious motivation was another factor influencing
rulers to demand shaded roads. Astrologers during the time of Kublai Khan's (13" ¢. CE)
China decreed that the planting of trees along the Grand Cana would provide the person
responsible with long life (Harrington 1974:37). Another side benefit of this practiceis
that the specific types of trees can be planted to serve medicinal purposes or attribute
religious significance (Deloche 1993a:144).

Unfortunately, tree-lined roadways have several drawbacks, among them the damage
caused to road surfacing by tree roots and heavy drip-erosion from overhanging canopy.
Ironically, the benefit of shade provided by the tree canopy can be countered by the fact
that it prevents heat and sunlight from drying moisture on unsurfaced roads. Hedges
placed on either side of the road are also a detriment as they prevent dust blowing off the
worn road surface thereby creating mud during heavy rains (Gregory 1931:275-276). A
more significant issue with tree-lined routes is security. Trees shelter bandits keen on
pilfering the wares of unwary travellers (Ibid.:275). One solution to this problem was to
monitor the location of trees to roadways. In 13" century England, merchants were
protected by a statute stating no tree or bush be placed within 200 feet of the road (L opez
1956:24). Beyond barring the placement of trees near aroadway, their absence from a
road may be related to their utility as an immediate resource. In times of warfarein India
the tree-lined ways were often destroyed, either to incorporate their raw materials or to
symbolically disconnect the road from its political centre (Deloche 1993a:148).
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Traffic
While roads demarcate the location of traffic flows it isthe actua traffic that would have

guided road planning and construction. As discussed above, the type of traffic directly
influences road width, the location and gradient of the road, and the need for specific
support infrastructure. The range of traffic types developed throughout human history is
quite diverse. Mechanical conveyancesin prehistoric and early historic contexts include
human-powered vehicles (i.e., palanquins), animals (i.e., horse, camel, elephant), and
animal-powered vehicles (i.e, chariots, ox carts). Water traffic includes vessels and
tracking, which involves pulling vessels on ropes from the banks of the channel (Deloche
1993h:173). Vessels used to convey people and cargo vary from simple craft such as
floats, rafts or skin boat, to dugouts, riding on the backs of animals (e.g., elephants) and
any number of different boat types (Ibid.:129-143; see McGrail 1985). Tracking involves
towing boats using ropes by people or animals from the banks of a channel. Thiswas a
common practice in India, often involving up to 20 tow men to track aladen boat to its
destination (1bid.:173).

Transport technology favoured by a state varied from context to context. In India,
wheeled traffic was more common in the northern half of the country because roads were
well established and regularly maintained (Deloche 1993a:260-262). Some types of
transport, such as carts, while popularly depicted on temple walls, were restricted by the
distances that they could manage and were never used for long trips (1bid.:262). The type
of traffic used is also connected to the quantity of material being moved. Transport of
heavy goods (i.e., building materials, boats, or war machines) required the use of
specialized forms of transport such as large barges or wagons with teams of oxen
(Burford 1960:11; see Heizer 1966).

Transport Components Summary
Thisreview of components from global history illustrates not only that cultures

commonly reacted to meet the same demands of facilitating transport, but that thereisa
variety of different ways that these requirements are manifest. From this platformisit
possible to assess the kinds of features that could be expected in the location of structures
within a past transport system. This data provides the baseline for any cultural
investigation of transport and can be couched now within the concepts of transportation

which represent the ‘life-cycle’ of the roadway.
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Concepts of Transportation: Global Examples
Imbedded within the historical components of transportation are concepts that can be

examined in relation to the life-cycle of atransportation network. These include:

e Planning —Were roads formally planned in the past or were they slow
agglomerations of transport components over time?

e Development — How did the transportation system develop over time? Was it
guided by settlement and resource location?

e Extent and Boundaries — Does the extent of the formalized road network
correspond to the maximum edge of a state’s control? Or isit restricted to the
heartland?

e Distance and Speed — How fast could people move across the landscape based on
support infrastructure? How were distances measured in the past?

e Seasonality — Did transportation routes and traffic vary due to seasonal
differences in weather?

e Maintenance — How much maintenance was required and who funded the work?

e Disuse and Decay — How does atransport network decay or become integrated
into other aspects? What are the implications of disuse on regional settlement?

¢ Reuse— Are the components of transportation reused by later societies? Are the

components used in the same way or modified to meet new socio-cultural needs?

By discussing the way that these concepts were manifest in various historic examples a
general framework is established for studying the nature of the Angkorian system.

Planning
Planning refers to deliberate placement of roads in the landscape. Unlike paths which

devel op through habitual use, formalized roads are often the result of a deliberate scheme
that requires the need for a specific route or network. Planning seeks to ensure that the
network functions properly and is sufficiently standardized to facilitate the state’ s traffic
needs. Evidence of planning can be derived from the physical remains or from historic
documents. The Roman network is the most obvious physical example of awell-planned
transport system. Road engineering, road dimensions, the inherent straightness of the
roads and the avoidance of local settlementsin favour of administrative centres are all
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direct evidence for state-level design. These roads were planned to be indestructible and
reliable means of regional communication (Lopez 1956:17). The Inkan royal road system,
which extended over 10,000 km, was supported by a suite of imperial featuresincluding
markers, drains, retaining walls, steps, and paving designed to facilitate the expansion

and maintenance of new territory (Thompson and Murra 1966:634; D’ Altroy 1992:95).

Historical documents provide direct evidence of asingle ruler or state’s concern for
transport planning. Centralized states often established guidelines to ensure that the
system was standardized across its extent. The Hindu Sukraniti, a 19" century CE text
describing proper conduct for nobility, contains a detailed section about the requirements
for building and maintaining a good transport system. A ruler who is to build good roads
from his capital ensures that there are taverns, temples and serais (rest stops) for travellers
along it (Sarkar 1914:29). The Sukraniti also describes the number and different classes
of roads (i.e., royal roads, smaller roads) that should be constructed and standards for
distance, form and orientation of rest houses and water tanks (1bid.:34-36; 166).
According to Sarkar, the Sukraniti shows that ancient Hindus were not transcendental
philosophers but recognized the societal needs to effect comfortable transport obligation
to the society (1bid.:35-36).

Development of Transportation
The development of atransport network refers to the manner in which it devel oped

during the initial stages of states or empires. A critical relationship identified in transport
geography is that between transport and devel opment,

...all existing transport networks have been inherited from the recent or more
distant past, and not infrequently were designed to serve purposes rather different
from those they are not expected to fulfil (Hoyle and Smith 1992:12).

From an archaeological perspective the way of determining how networks developed isto
assess the nature of the nodes connected by the roads. This discussion requires delving
into the complex relationship between routes and settlements. The initial goal of a
transport route is to connect specific locations. Reasons for integrating these sites and the
flow of communication along these routes vary depending on the particular circumstances
at aparticular time. As such we can identify the influence of sites on transport and the

inertia of transport on new settlement.
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Pre-Existing Sites

Sites are included into networks because they have something required by the state, such
raw materials, political/strategic significance or sacred locations. From the economic
perspective the need for mineral ores, for example, or prestige items leads to the
development of a small community near their source. These small communities become
responsible for the extraction, crude processing and distribution of materialsto outlying
communities and major centres (Cooley 1969:67-74). Strategic locations such as passes
become primary targets for control which often forces |eaders to create access routes to
ensure the stability of the region. Sites with religious importance similarly draw local
communities and routes develop with the annual perambulations of pilgrims (see Bharwaj
1973).

Transportation Stimulus for Settlement
Sites are also created as aresult of the imposition of atransport network. Main routes,

such as trunk roads or military roads, act as gravitational forces for settlement and
secondary transport networks. These new routes heavily disrupt both pre-existing
settlement and movement patterns in aregion (Ward-Perkins 1962:398). With the
appearance of new roads there is normally a corresponding drift away from old centres of
population to new settlements growing up along them. It is important to note that while
most of these new settlements are reactions to shifts in regional economics, the state can
also be responsible for the location of new sites (Ibid.). The importance of road
infrastructure such as bridges and resthouses acts to pull people toward them and it is

common for new villages to appear within their vicinity (Deloche 1993a:164-165).

Generally, such mgjor shiftsin routing are rare and only affect regional settlement
patterns when they prove more advantageous for movement (Robinson 1977:27). The
main reason is that the cost of shifting land routes is prohibitively expensive. As
discussed for bridges, it is easier to follow alonger path that can cross water barriers than
itisto build amore direct road with no extant crossing. A less costly (and less
archaeologically visible) shift might involve the transition from land- to water-based
transportation. River systems or coastal resources are not barriers to travel but are an
attractive option over the more costly and less secure land routes (Dobson 2005:11).
Some states, like ancient Egypt, relied almost solely on water transport and as a result
settlement was oriented toward the river and the region of seasonal flooding (Hassan

1997:52). Land transport was poorly developed in these regions.
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Development in Imperial Contexts
Development of transportation systems occur in episodic or continual processes.

Examples of transport changes are highlighted briefly within the Roman Empire and
Post-Roman Period, Indian Empires, Chinese Dynasties and Inkan Peru.

Roman Empire and Post-Roman Europe
The Roman transport network, which extended further than any other in ancient history,

was the result of episodic development over its 600 year duration. Few roads were built
during the initial stages of the Roman Empire and there was a general lack of
construction during the Civil War (Forbes 1964:125). The times of greatest devel opment
—during the reigns of Augustus, Claudius, Vespasian, Titus, Domitian and Nerva—
correspond with periods of expansion and stability (Ibid.:127-128). By contrast, no roads
or repairs were effected during times of unrest experienced under Nero, Galba, Otho and
Vitellius (Ibid.:128). The greatest extent of Rome’s network and the end of further road
projects was reached during Hadrian’ s reign (Ibid.). In summary, Roman building
appears to have coalesced between 400 BCE and 200 CE, while the provincial road
system was constructed between 200 BCE and 200 CE (I1bid.:126-129).

Because Roman roads were originally planned to meet military concerns and not
economic activity, they were constructed with little regard for existing regional patterns.
Subsequent placement of Roman sitesin a newly acquired region was guided by such
factors as proximity to fords on the main river, the presence of an intersecting route with
the main Roman road, location on a geological interface, or next to ariver (Berry
1987:553). Roads and Roman fora, or markets, built in new territories were not linked to
settlements; however, populations soon gravitated toward the major line of

communication in the region (Laurence 1999:33).

Oscillation in the importance of Roman roads was a recurring theme from the fall of the
empire (5™ century CE) up to the rise of the Renaissance (14" century CE) in mainland
Europe. Byzantine rulers continued to use Roman roads although their importance was
much reduced. The reason for the Byzantine movement away from the Roman roads was
related to their upkeep; cities were unwilling to commit resources to fix the roads and
there was alack of skilled labour to properly affect the repairs (Haldon 1999:51-52). The
great burden of maintaining the roads and changes in traffic types led to the abandonment

of these routes. Lopez argues that it was the lack of decent roads that led to the
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disintegration of the Carolingian state in the 9" century CE (1956:20). The need for
centralized power to maintain the Roman routes is a recurrent theme. Cases where the
local power was sufficiently centralized (e.g., England) or cities directly linked to the
roads (e.g., Italy) experienced continuity of usage. In France, however, power was not
centralized and as aresult new roads developed more frequently and rapidly to connect
centres aligned to one another (1bid.:19-21).

Shiftsin the mode of transportation, specifically the adoption of river travel, are another
important characteristic of post-Roman transportation. Rivers became the predominant
form of transport across Europe between the 5™ to 10" centuries (Lopez 1956:21). This
trend towards ‘fluvialization’ of transport in the Middle Ages was not restricted to
Western Europe; shifts also occurred in Northern and Eastern Europe, Arabia, Indiaand
China(1bid.:22). The later Middle Ages saw areturn to the dominance of land transport
with new roads being constructed to cope with the types of traffic and goods being
moved. The lack of apowerful centralised state, the fact that slavery had largely
disappeared and the rise of the merchantile class eliminated the need for large scale
formalized routes. As conflict developed between medieval states detours around
unfriendly territories began to multiply across the landscape. However, this eventually
changed during the Renaissance when there was a rekindled desire, and ability, for

construction of the straight line and monumental highway (Ibid.:21-28).

Indian Empires
From the Mauryan (3™ century BCE) to the Mughal period (16" to 18" centuries CE)

transportation was a primary concern in the sub-continent. Roads and infrastructure were
built and repeatedly used in the region, and the routes taken by sovereigns and traders
were thus well-adapted for long-distance travel from an early period. As with the Roman
period, the construction and maintenance of roads was not consistent. Following the
demise of the Mauryansit was not until the Pallava rulers (9™ century CE) that a
resurgence in road construction and maintenance occurred (CRRI 1963:14). Political
instability again played an important role in the lack of road construction in South India
during the period between the collapse of the Vijayanagara Hindu empire (16" century
CE) and the invasion of the Maratha (17" to 18" centuries CE) and Mughals (16" to early
19" centuries CE) (Deloche 1993a:74-75).
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Chinese Dynasties
Sudden additions to the transport network have also been described in imperial China.

The Han rulers of the Wudi period (104-87 BCE) were responsible for the construction of
an elaborate road system for military purposes that were unrivalled by any but Rome
(Pirazzoli-t’ Serstevens 1982:16). Clark’s (1991) study of Chinese economics and
networks between the 3-13th CE shows that there was an important period of bridge
building during the late Song Dynasty (12-13th CE). These constructions parallel atime
of greatest economic expansion and also a massive agrarian shift from traditional
subsistence to market economy (1bid.:95). Perhaps the greatest example of slow accretion
processesis the Great Wall of China which was completed over two millennia beginning
with the Spring and Autumn (8" to 5™ centuries BCE) (Luo 2006:42).

Inkan Peru
By contrast with the long durations of the previous examples, the Inka expanded their

empire using 10,000 km transport network within a span of 70 years between Ecuador
and central Chile (D’ Altroy 1992:95). This network, too, was based on the bones of past
constructions made by the Wari, Moche and Tiwanaku (see Beck 1991; Schreiber 2001).
It isinteresting to see the impact of a short-lived state on the transportation network. The
Inka contribution was to add administrative centres (tampu) and storehouses (qollga)
along the newly unified main road (see D’ Altroy and Hastorf 1984; D’ Altroy 1992:95).
Like the Romans, the new sections of highway bypassed much of the local population
which acted to supply the storehouses built along the roadways (1bid.:97).

States Without Formalized Transport
Formalized road networks are not always recorded for highly organized societies. Thisis

not because they did not require communication systems, but instead makes the point that
transport devel opment varies depending on several factors. Forbes notes that while both
the Persian and Greek empires had roads their physical footprint on the land was
margina and therefore we have no lasting traces today (1964:72; 96). Topography (i.e.,
mountains), lack of consistent centralized control or reliance on water transport can al be
cited as contributing to this apparent lack of formalized communication routes (1bid.).

The objective of this brief summary isto highlight that transportation systems develop

from different origins, at different rates and in relation to different requirements. Roads
were constructed by empires as basal systems (Roman Europe) that became used for

41



centuries while others exploited and formalized pre-existing transportation routes (Inka).
An important characteristic that binds these examplesis the increase in transport
construction during times of expansion (Augustan Rome; Song China; 1nka).
Transportation systems, however, are not universal for state-level societies and rarely

access all sites within an empire’ sterritory.

Extent and Boundaries
Generally, boundaries of ancient control are not physically defined, requiring us to

conceive of them as nebulous political, economic and social boundaries (see Van der
Leeuw 1981:294; Marquardt and Crumley 1987; Stark 1998). A potential solution to this
problem isto consider the remains of transport. Ispahani has suggested that the road
network is the skeleton of the political region controlled by a given kingdom (1989:6).

By studying the extent of aformalized network we can posit the approximate size of the
territory that is directly controlled by the state. For example, 23,000km of Inkan road
network stretched along of the Andes while 84,800 km of Roman road extended over
Europe, the Middle East and North Africa (Hyslop and Rivera 1984:39; Hindley
1971:25). Single roads, such as the Grand Trunk road in India, can also indicate the
primary zone of control. This road extended over 1,100 km, connecting the northwest
frontier around Lahore to the Ganges delta (Deloche 1993:148). The question that rises
from thisis obvious: does the visible road network with its associated support
infrastructure accurately reflect the extent of an empire or region of state control? Smith
(2005) recently discussed the issue of mapping the regions of imperial control. The
genera practice in archaeological literature isto define maximal areas based on the
‘edge’ of archaeological evidence. Smith (2005) urges against the use of ‘amorphous
blobs and suggests that extent of transport networks is a better indicator of internal
diversity. The termination of the road could thus be used as a means of delineating the
core from the periphery of a state. Many boundaries should be represented as ‘ fuzzy’

lines rather the exact borders.

Unclear boundaries are not always the rule. The extent of the Roman road system, for
example, truly represented the limits of their political influence (Nicasie 1997:455-456).
Beyond this ‘border’ was a zone of commercial activity, but there was no physical
extension of Roman control into this zone (see Curchin 1997). Rivers were another major

boundary chosen by the Romans to demarcate their territory (Hodgson 1997:62).
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An important consideration when demarcating the boundary of a transportation network
iIswhen it reached its maximal extent. It can be argued with some certainty that while the
largest network likely corresponds with the period of greatest expansion and centralized
control, it is not necessarily true that this occurred at the end of that period. Thisis
directly related to the dynamics of road building and the fact that the visible remains can
represent several different construction periods. Dating the dynamics of the physical

transport components through historic or archaeological methods is therefore paramount.

Distance and Speed
Knowing how far or how long it will take to move between settlements or nodes are

important issuesin facilitating state control. The limits of travel appear in two formatsin
the historic literature: the spacing of infrastructure or the speed at which traffic can move
inasingle day.

Distances and Spacing
D’ Altroy argues that distance is best conceived in terms of transport costs and

communication capabilities (1992:20), as these factors can be easily applied to an
examination of military logistics and ease of economic and political integration
(1992:20). For example, it has been suggested that provision of cities with perishable
agricultural commodities in the past would be limited to a radius of about 50km
(Rodrigue et al. 2006:14). Societies therefore adapt to these restrictions by placing

markers and support infrastructure along their networks.

Erection of road markers or mileposts is the ssmplest and most common method of
notifying the traveller about their current location. In order to control distance and
identify space, rulersincorporated markers at specific points along road networks. This
requires that the centralized authority develop, and disseminate information about, a
standard method of measurement. For example, Mughal monarchs devel oped the royal
kos while the Romans used the mille to delineate space (Deloche 1993a:150; Morriss
2005:238). The actual markers used to demarcate distance in India ranged form of
rectangular pillar stones, raised stones, or small stacks of stones and many of these
techniques date back to the Mauryan period (Deloche 1993a:151). The actua placement

of such markers also varied from region to region. In Nubia, sandstone road markers
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along cleared roads were found at 1.2-1.5km intervals, the same distance used by Roman
buildersin Europe (Hester et al. 1970:385).

Resthouses, post and way stations are also placed at regular intervals to break up the
journey between primary centres. Table 2.2 shows the range of distances for serais and
post from historic contexts. Even with the maximum (42 km) and minimum extremes (0.8

km), the mean distance for these rest stops is approximately 20 km.

Speed
Speed is the temporal concept of travel that is relative to the mode of transport used to

span the distance. Unlike distance, which is determined by the placement of
infrastructure, speed is derived from historic documents or limitations of individual forms
of traffic. Deriving speed from historic studies is established by dividing the total
distance of the trip by the number of days required to complete the journey. For example,
the Royal Road in Persia connecting Sardis Ephesus to Susa, a distance of 2,600km, was
traversed by special messengersin nine days, while aregular army would take ninety to
cross the same distance (Forbes 1964:80). The messengers would have travelled at
288km/day while the army moved at 29km/day. Another trip between Susato Babylon
was travelled in two days, at 100 miles (161 km) aday. The reason this was possible was
due to numerous staging posts which housed a sizeable stable of horses (Hindley
1971:21). Roman messengers, travelling by relay vehicles and draught animals could
cover between 50 (80 km) and 80 miles (128.9 km) a day, which means that news could
be sent out from Rome to most towns in Italy within five days (Laurence 1999:81-82).
Other examples of historic land speed travel listed in Table 2.3, show that the majority of

these rest stops are positioned much closer than the Roman messenger service.

Beyond the addition of sails and extra oarsmen, speeds of water transport are largely
dictated by the actual flow and direction of the watercourses or seasonal weather patterns
in the case of oceanic routes. Deloche’ s (1993b) study of Indian water transportation
provides excellent examples of speeds which are described with other historical examples
in Table 2.4.

Load
A more complex aspect of traffic speed incorporates is the issue of load capacity. The

weight of goods that a vehicle can be burdened with directly impacts on its speed and the
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distance travellable in aday. Historic records offer alist of goods that were moved
between locations. From this information, archaeol ogists and historical geographers have
attempted to reconstruct the effect of loads and cal culate maximum distances for that
particular mode of transport (i.e., Drennan 1984). Examples of the range of weights

carried by vehiclesin historic contexts are presented in Table 2.5.

Seasonality and Cultural Cycles of Movement
The ability to travel year-round islargely predicated on the impact of seasonal climatic

fluctuations. Two aspects that can be discussed within this subject are firstly the physical
effects of seasonality on transportation and navigation and secondly, the cultural
responses (e.g., activities in the seasonal round, festivals, etc.) developed within this

yearly cycle.

Physical effects on transportation routes include such natural impedances as snow, mud
slides blocking passes, or floods. Generally, it is assumed that the impact of these
phenomenais much greater on unpaved roads and paths than on paved roads (Haldon
1999:53). Since the focus of this discussion is sub-tropical Southeast Asia, we can ignore

the role of cold weather factors and focus instead on the influence of the monsoon.

Within a monsoon climate both the wet and dry seasons produce dramatic conditions that
seriously affect the way people move around the landscape. Generally, the most
favourable months for travel and communication are the first half of the dry season
(December to March) as the latter part of the dry season (March to June) is the hottest
time of the year (Deloche 1993a:277). The greatest concern for land transport during the
dry season is access to water. As aresult, routes are constructed to take advantage of
natural sources (i.e., springs, ponds) or are supplemented through the construction of

artificial holding tanks (i.e., wells, tanks).

[ronically, the lack of water in the dry season is the greatest adversary for movement
during the wet. Soil conditions and agricultural practices are directly related to the type of
road conditions in these regions. Heyne argued that in areas of sugar and rice agriculture
roads will be narrow and bad during the rainy season, while elevated areas with sandy
soils will have good roads throughout the year (see cf. Deloche 1993a:279). Soils that
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have low permeability, very often with alow sand content, are largely impassable for
pack or wheeled traffic during this season (Ibid.). The cultural reaction to conquer high
water levelsisthrough roadway improvement. A raised road made of stable, permiable
soils shortens the distance between sites and al so facilitates year-round social contacts
(Hassig 1991:22). Generally, however, these routes are likely to be used only for short
distances and are normally well maintained only in proximity to towns or villages
(Deloche 1993a:146). The switch from embanked to low lying road may also reflect the
nature of the soil being crossed.

Seasonal shifts are not restricted to land routes. River navigability is affected by the
velocity and discharge of the river, gradient and depth of the river bed, formation process
of aluvia deposits, strength of currents, direction of prevailing winds and the ability to
use tracking (tow ropes) (Deloche 1993b:171;6). In the rainy season, surging rivers are
often too dangerous to use. The Romans attempted to use water extensively in their
Arabian provinces but this was often restricted to seasonal traffic and was only practical
downstream (Dabrowa 1997:109). Low water and sand bar formation are the greatest
obstacles during the dry season, which means that cargo would often have to be
transhipped from large to smaller vessels with shallower draft (Deloche 19093b:37).

Cultural Practices and Seasonal Cycles of Movement
Asageneral rule, the movements of pre-industrial societies were strongly influenced by

seasonal changes. During the Indian monsoon there is a general reduction activity
(Deloche 1993a:274). Both state and individual transport needs are affected and therefore
adapt to these constraints. Military excursions might also be restricted by season unless a
formalized road could take traffic al year round. The dramatic effect of seasonal change
is demonstrated in Hannibal’ s losses to snow over the Alps on his way to sack Rome. In
Southeast Asia, most land based military forays were timed to avoid the rainy season
(Charney 2004:191).

Trade and movement of goods were also affected by the ability to move and also the
availability of goods. Within the calendar year, one of the most important limitations to
regional movement is the agricultural cycle. Travel isrestricted not only by the physical
ability to undertake journeys but also the seasonal preoccupation with agricultural work.
We therefore need to consider the amount of time required, in the case of rice, for

growing, transplanting, weeding, harvesting and processing and how this fits within the
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monsoon cycle. From this perspective, transportation is often linked to those times of
year where it is economically feasible — after the harvest (Hassig 1991:22). If acapital is
reliant on agricultural goods from adistant provinceit is crucial to take into consideration
the seasonal constraints on growing, processing, and moving goods across the landscape.
A network built to facilitate this purpose could therefore reflect the time of year when

movement was most crucial.

As agricultural practices develop it is common to see the development of religious
festivals and pilgrimages that coincide with particular times of the agricultural calendar.
Pilgrimage is a global component of religion that normally takes place during specific
times of the year. The dry season is the slack agricultural season in monsoon regions and
so pilgrimage during this season does not interfere with agricultural activity (Bhardwaj
1973:220). Hindu tradition actually views the wet season as unfavourable for travel and
there are no religious processions at this time (Deloche 1993a:274). The dry season
therefore provides better conditions both climatically and economically for the practice of

religious perambulations.

Maintenance
One of the disadvantages of constructing and relying on arouteisthat it must be

maintained in order to function. Thisis aptly stated by Forbes,

Theroad is...drawn into the vicious circle of development of means of transport
and perpetual upkeep of the surface, from which there has been no escape to the
present time (1964:2).

Cooley even suggests that for the Roman and Peruvian roads, ‘if asingle mileis
unpassable there might as well be no road at al’ (1969:105). The extent of political
control istherefore delimited by the accessibility and completeness of the road network.
If one centre is taken away, like a damaged electronic relay, control over the distant areas
will beimpossible. While this viewpoint is somewhat extreme, it reflects the need to

continually fix and upgrade routes.

Damage to transport routes can be caused be several forces, including seasonal weather,

traffic, trees or deliberate destruction. Seasonal monsoons and other weather conditions
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(e.g., winter freeze-thaw action) can have deleterious effects on any form of road. Roads
composed of less durable materials are susceptible to erosion and have to be rebuilt.
Regular repairs are even required of the paved khoa roads in India at the end of therainy
season (Deloche 1993a:113-114.). A direct result of the massive investment required to
maintain these khoa roads is that they are often found only near cities where access to
materials and labour was sufficient (1bid.:114). Generally, the more important the road is
to the centralized authority the more likely that it will be maintained on a year-to-year
basis. Strategic roads were also more regularly maintained during the Byzantine period
(Haldon 1999:53).

Historic documents list military engineers and maintenance crews whose job it isto level
ground, remove obstructing trees, break stone boulders blocking aroute, fill inlow land,
and construct boat bridges (CRRI 1963:16). Often only those roads travelled by the king
were well maintained and therefore traffic often tended to stick to these routes (Deloche
1993a:122). An extreme example of this was recorded in the kingdom of Dahomey where
the king' s royal road was kept completely bare of all grasses or other vegetation (Alpern
1999:20).

Funding
The issue of who provides the resources to repair roads depends largely on who

constructed the network. In the case of military roads, armies are largely responsible for
providing the necessary labour and resources. Historically the other methods for
obtaining funds for road maintenance are religious commitment, corvée labour, taxes on
landowners that abut the roadways, local community tax, funding initiatives, and tolls to
use the roads (Lay 1993: 99-104).

Roads in the Chinese countryside were the responsibility of local rulers and their
communities (Gregory 1931:117), and asimilar situation was found in India (Farooque
1977:13) and Rome (Laurence 1999:54). Religious personnel, such as monks or clergy,
were commonly associated with the improvement of highways and infrastructure in many
Buddhist countries (Deffontaines 1948:358) and during the Middle Agesin Europe
(Gregory 1931:96; Cooley 1696:57).

Funding requirements also extend to the servicing of infrastructure as well. Rest stops

must be allocated with sufficient resources (e.g., foodstuffs, medicines, etc.) to continue
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serving travellers along the routes. Resthouses in Indiarelied on charitable donations or
the revenue of their landsto stay open for weary travellers (Deloche 1993a:163).
Donations to these institutions could al'so come from kings, queens, rich land owners or
merchants seeking religious merit (1bid.). The construction or regular maintenance of
bridges was also part of the donations from wealthy individualsin medieval England
(Gregory 1931:97). In Peru, wooden bridges were the responsibility of the local peasantry
on arotational basis (Thompson and Murra 1966:637).

Labour
M aintenance requires access to physical labour. Estimates of how many labourers were

needed in the past are obviously related to the scale of work required. For example,
during the time of Aurangzeb (late 17" CE) the Indian royal roads required some 1000
labourersto clear the all of the roadways (Deloche 1993a:120).

Labour can be divided into unskilled and skilled categories. In India, the source of
general labour can be extracted from corveée labour, or in some instances criminals or
debt-owners (Sarkar 1914:35). By contrast, skilled labour is often a recognized position
in the state hierarchy. Road builders appear in the Ramayana (Yodha-Kanda) as part of
the army, and were responsible for making new roads and fixing old ones (CRRI
1963:16). Officersin Mauryan India (4™ to 2™ BCE) were placed in charge of repairing
paved and unpaved roads and also erecting mile posts along the routes (Hindley
1971:18). Jahangir (early 17" CE) specified that craftsmen, stone-cutters, carpenters and
navvies were sent ahead to repair aroute in Kashmir (Deloche 1993a:120). Similar
specialists were employed by the Roman and Assyrian armies (Deffontaines 1948:357;
Forbes 1964:71). Ultimately, the lack of such skilled labour can be extremely detrimental
to imperial goals, and is cited as areason for the decline of the Roman road network
during the Byzantine period (Haldon 1999:51-52).

Water Transportation Maintenance
By contrast with roads, rivers and lakes require very little effort to maintain. The most

significant impact on transportation comes from the shifting of river sediments. The
temporary solution for this problem isto dredge the river, removing sediment within the
channel and allowing water to flow. However, in Roman Gaul the need to constantly
dredge ariver ultimately led to the river being abandoned by imperial interests (Berry
1987:580). It is possible that rivers may have been abandoned as linksin aregion. Canal
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maintenance, however, necessitates a comparable level of investment to roads. In China,
successive emperors paid substantial attention to their water ways, spending tax money to
construct dikes, dredge sandbars, maintain sluices and replace ferry cables (Harrington
1974:12).

Disuse and Decay
A route’s life in the transport network comes to an end when either traffic ceases to flow

along it or maintenance of the road stops. Both factors can result from a shift in either the
economic role of the route or a dimunition in the authority of the centralized power

responsible for its construction. Disuse can come about as a result of the following:

e Inability of local communities to maintain bridges and roads;

e Decreasein need for long distance travel (i.e., economic/political relations with
distant centres);

e Déliberate closing of roads to prevent plunderers or invaders;

e Shift in settlement pattern away from road to agricultural lands (i.e., away from
upland to river valleys);

e Movement away from wheeled traffic. Foot traffic prefers firm ground rather than
hard stone surfaces ;

e Loca reuse of stone from road surfacing for domestic and farm purposes (Lay
1993:57-59).

Another factor that can be added to thislist is the construction of new roads. The effect of
these roads leads to a low accretion of settlement along the new route and an
abandonment of the old roads (Ward-Perkins 1962:398).

Roads that are abandoned fall into a steady state of decay. Margary identified a natural
progression of decay with specific events and some of their effects in the context of roads
in post-Roman Britain:
e Wooden bridges disappear (if locals did not fix the bridge the road would become
usel ess)
e Washouts would occur in hilly districts (severing the road at culverts and creating
awkward obstacles)

e Treeswould be blown down in forest districts (blocking further passage)
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e Roads become ‘neutral’ property breaks
e Metalling surfaces wear away (rutting the surface and making it impassable)
(1967:23)

Given the varied types of disuse and evidence of physical decay, Hassig argues that
studying why aroad was abandoned is as important as understanding its continued use
(1991:32). This appliesto roads that are not currently in use. The fact remains that many
roads formalized in the past (e.g., Roman) are still used as the backbone for modern
transport. Once established, formalized roads are rarely abandoned completely.

Reuse
The majority of transport networks are inherited from the past. The reason that roads are

used continuously is often dictated by physical characteristics— such as following the
easiest or most direct path established in the past — and through historical considerations
such as exchange patterns within aregion (Rodrigue et al. 2006:11-12). Other factors that
guide re-use are connection to important nodes, network durability, and physical extent.
The legacy of Roman roads in Europe is the best example of reuse. Beyond the sheer
strength of the roadways, it is the spread of Roman roads that has led to most later
transportation networks using them as the regional template (Cooley 1969:47). This
relates also to the presence of infrastructure such as bridges which acted as the best
means of crossing riverine obstacles (Lopez 1956:17). Interestingly, the Romans also
reused and upgraded the existing transport corridors made in prehistoric Gaul (Dowdle
1987:291).

The assumption is that the reuse will always focus on the most highly advanced or
expansive roadways. However, thisis not always the case. Following the collapse of the
Roman Empire, the inhabitants of Etruriareturned to the settlement and movement
conditions that prevailed before Roman incursion into the area (Ward-Perkins 1962:400).
Similar upgrades have been identified on Mauryan period roads (4™ — 2" centurie BCE)
by the Guptas (3" — 5" centuries CE) and then the Harsha rulers (early 7™ c