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Locational information about moated settlements derived from examination of aerial photo-

graphs of central Thailand is used to assess the degree of regional integration and political

centralization during the sixth to ninth centuries A.D. around the Bay of Bangkok. A consider-

ation of settlement size hierarchy, rank-size distribution, and geographical location suggests

that the moated settlements were integrated into a single regional economic system by the end

of the time under consideration. While it is argued that the moated settlements represent

remnants of administrative hierarchy, it is unclear from the current data whether a single

state-level polity or a series of smaller competing polities were present. Further investigation is

needed to comprehend how the inhabitants of this region, who shared a common material

culture and symbolic system, conceptualized their political relationships. © 1999 Academic Press
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INTRODUCTION

Much research focused on pre-modern
complex polities in Southeast Asia has
been carried out over the last 100 years
(Christie 1990:39). Despite these efforts,
however, there has been little consensus
on the time and the factors contributing to
the appearance of large and hierarchically
organized polities in this region. The im-
mediate antecedents of powerful polities
such as Angkor, Pagan, and Srivijaya,
which dominated the social landscape of
Southeast Asia in the early second millen-
nium A.D., are incompletely known (Mik-
sic 1995:55).

This lack of concurrence can be partially
attributed to the history of research in
Southeast Asia. Most of the early investi-
gations of complex polities in Southeast
Asia have been within the field of history.
These vital pioneering efforts have given
us translations of inscriptions (Coedes
1937–1954), maps, and analyses of Chinese
texts (Pelliot 1904). Because of the nature

of these data, historians concluded that

social complexity came relatively late to

Southeast Asia, through the agency of

contact with India (Christie 1990:41). Poli-

ties that left no records or monumental

architecture were largely invisible.

More recent historians have incorpo-

rated archaeological information about

settlement patterns, agricultural practices,

and excavation results into insightful

studies of Southeast Asian early complex

polities (for examples see Wheatley 1983,

Hall 1985, Hagesteijn 1989). Much re-

search on historical period subjects, how-

ever, still focuses on iconography and

epigraphy (Miksic 1995:55). Because of

this focus, it has been difficult to move

past early perceptions of an Indianized

Southeast Asia (Hagesteijn 1989:2), and to

surmount assumptions about the level of

complexity of the societies under study.

Fruitful discussion about the emergence

of complex polities on mainland South-

east Asia has been limited by the lateness
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of the historical data and the paucity of
archaeological data for the proto-historic
period. Lack of data amenable to testing of
archaeological propositions has rendered
the subject of early complex polities more
one of speculation than analysis (Stott
1992:47). Given this lacuna in the archae-
ological data, we are fortunate to have
locational information about a series of
settlements dating to the second half of
the first millennium A.D. A careful study
of aerial photographs of the Central Plain
of Thailand has produced an atlas of
moated settlements (Supajanya and
Vanasin 1983) that have been generally
identified as remnants of the Dvaravati
Kingdom, a little known Mon polity, or
polities on the shores of the former extent
of the Bay of Bangkok (see Fig. 1).

In the absence of radiocarbon dates,
Dvaravati sites are identified by the pres-
ence of distinctive high-fired earthenware
pottery (Bronson 1976, Indrawooth 1985),
styles of statuary (Lyons 1979), and deco-
rations on public buildings (Krairiksh
1975). Moated settlements characterized
by Dvaravati material culture develop at
the beginning of the 6th century A.D. and
appear to have maintained a separate cul-
tural identity until the region was incor-
porated into the Khmer empire during the
10th century (Briggs 1951). Writing sys-
tems, honorifics (de Casparis 1979), and
art styles indicate that there was extensive
contact with India, but the role of South
Asia polities in the growth of moated set-
tlements on the Central Plain remains
poorly understood.

The widespread distribution of similar
stylistic elements, architectural features,
and shared writing and symbolic systems
throughout the Central Plain does not
necessarily indicate the presence of a sin-
gle integrated regional polity. Renfrew
(1975) and others (in Renfrew and Cherry
1986) point out that peer polities also ex-
hibit shared cultural features as a result of
extended interactions. Within the context

of this study, characteristics of material

culture known as “Dvaravati” identify set-

tlements that were concurrently occupied.

Characterizing sites as Dvaravati does not

imply, within the context of this study,

that they were part of a single political

system.

Although Dvaravati sites are known

from other regions of Thailand (see, for

example, Saraya 1992), this locational

study focuses on settlements on the Cen-

tral Plain. The data are limited, consisting

only of site location and site size. General

dates for settlement occupation given by

the authors of the atlas are sometimes in-

ferred by the presence and configuration

of the moats, whether rectangular, oval, or

irregular, themselves. Large and well-

known sites that have been repeatedly ex-

cavated provide information about the

dates of occupation, but the smaller sites

remain unexamined by ground survey.

Within these constraints, however, it is

possible to test basic propositions about

the organization of settlements on the

Central Plain of Thailand during the first

millennium A.D. Even though the settle-

ment distributions are a static accumula-

tion of dynamic political and economic

processes that took place over hundreds

of years, this study identifies key develop-

ments and defines areas for future re-

search. Through quantification of mean-

ingful variables (Bayard 1992), this study

takes steps in developing models for the

explanation of the development of com-

plex polities in Southeast Asia.

METHODS

The bulk of the data for this analysis

comes from a study by Supajanya and

Vanasin (1983), who, using aerial photo-

graphs, identified 63 moated settlements

on the Central Plain of Thailand (see Ap-
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pendix I, Fig. 2).1 Two sites identified by
Supajanya and Vanasin as dating to a later
time period are excluded from this study.
Two sites in Lopburi Province were added
to the catalog of sites. One, KS 53 (11.7),
was identified through field survey in the
Lam Maleng Valley (Mudar 1993). The
other, Tha Khae (11.3), has been largely
destroyed by caleche quarrying activities.
Ciarla (1992) identified traces of moats
that he dated to the Dvaravati Period
through site inspection. Moats were not

evident on the aerial photographs exam-

ined by Supajanya and Vanasin. This set-

tlement has been included in the sample

of settlements examined for this study.

In addition to identifying and mapping

moated settlements from aerial photo-

graphs, Supajanya and Vanasin also re-

constructed the coastline of the Bay of

Bangkok at the time of occupation of the

moated settlements. During the sixth cen-

tury, the sea level was appreciably higher

and the shallow bay extended inland

many more kilometers than at present,

creating an irregular shoreline with nu-

merous peninsulas. As a result of this

careful study, it is possible to measure the

1 To enable the interested reader to examine the

original data, the site numbering system used by

Supajanya and Vanasin is retained throughout this

discussion.

FIG. 1. Map of Southeast Asia.
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distance from settlements to shoreline,
distance between settlements, and area
enclosed by moats. All of the moated sites
in this sample are completely surrounded
by a single circular or irregular moat.
Walls or ramparts, while known to be
present on at least some of the sites, have
not been consistently recorded and, as a
result, are not used here as an indication

of site function. The most consistently re-
corded variable for classification was set-
tlement location and moat presence.
These data are used here to examine
questions of social and economic organi-
zation of moated settlements on the mar-
gins of the Bay of Bangkok.

In using these data a number of as-
sumptions were made:

FIG. 2. Moated settlements on the Central Plain of Thailand dating to the first millennium

A.D.
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1. Although Supajanya and Vanasin

may not have identified the northern lim-

its of the settlement distribution, I assume

that most, if not all, of the moated settle-

ments on the lower Central Plain were

identified. The moated communities,

however, represent only a portion of the

total settlement system, as recent survey

has identified non-moated settlements as

well (Thai Fine Arts Department 1988;

Mudar 1993, 1995).

2. Little excavation has been conducted

at moated settlements to examine spatial

patterning of habitation within the moats

or to identify habitation outside the

moated perimeter. I assume that the rela-

tive proportions of public and private

space remained relatively constant among

all the settlements. I also assume that the

relative proportions of habitation inside

and outside the moats remained constant

for all sites. The areas encompassed by the

moats, therefore, provide a relative, if not

absolute, measure of population size and

can be used for comparative purposes.

3. Although dating of these settlements

is not precise at this time, I assume that all

sites examined in this study were occu-

pied by the end of the time period under

consideration here. Supajanya and Vana-

sin provided some information about site

dates in their catalog; additional informa-

tion was secured for the best known sites

(Quaritch-Wales 1969; Thai Fine Arts De-

partment 1988). Dvaravati components of

moated settlements in Lopburi Province

were verified through field reconnais-

sance and were identified from the pres-

ence of characteristic pottery and objects

on each site (Mudar 1993). Sites founded

during the Ankorian Period can be distin-

guished from Dvaravati sites by their reg-

ular, rectangular moats. Dvaravati moats

tend to be circular or irregular in shape

(Vallibhotama 1992:123). Several sites with

regular moats were included in this study,

however, as other sources of information

indicated that they had been occupied
earlier as well.

4. I assume that the current limits of
wet rice agriculture represent the ecolog-
ical limits of rainfall-fed rice and that
these ecological limits have remained rel-
atively constant for the last 1500 years.

SETTLEMENT CHARACTERISTICS

Moats

Moated sites dating to the first millen-
nium A.D. on the Central Plain of Thai-
land consist primarily of settlements sur-
rounded by deep ditches and, sometimes,
ramparts (Quaritch-Wales 1969). These
ditches may have been several meters
deep and 25 to 40 m wide (Moore 1988a:
145). There have been a number of classi-
fications proposed to accommodate the
variability of Southeast Asian moated set-
tlements (Supajanya and Vanasin 1983,
Welch 1985, Vallibhotama 1986, Moore
1988a, 1988b). The purpose of moats sur-
rounding communities in Southeast Asia,
however, has not been demonstrated.

Moats may have been used for defense,
although Welch (1985:260), in an innova-
tive discussion of moated settlements on
the Khorat Plateau, points out that the dry
season, which is the most common season
for warfare, is also the season when moats
are most likely to be empty. He notes,
however, that even dry, a ditch at the base
of a rampart, perhaps surrounded by a
stockade, would be an imposing barrier.

Moats may have been used as a source
of aquatic resources, such as fish, turtles,
and plants. Welch (1985) suggests that the
moats in partially moated sites may actu-
ally have been ponds that were excavated
for domestic use. They may have also
been a source of irrigation water for
sprouting beds for transplanted wet rice
fields. With few exceptions, moated settle-
ments on the Central Plain were com-
pletely surrounded by a single ditch, most
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were filled by diverted streams, and they
were found primarily on soils suitable for
rain-fed wet rice agriculture.

This lack of variability in moat design
and location precludes determination of
moat function on the basis of attributes or
on the basis of correlation with recogniz-
able environmental features. I argue here
that, regardless of their purpose, the ap-
pearance of moated settlements on the
Central Plain of Thailand signals an abil-
ity to mobilize manpower for public
works. From this it may be suggested that
the association of a moat with a particular
site indicates a control function for that
settlement. While moated settlements
represent only the top tiers of settlement
hierarchies which demonstrably con-
tained numerous small non-moated sites
(Mudar 1993, 1995), I argue that these cen-
ters were critical elements in the admin-
istrative network. Locational analysis of
these moated sites, therefore, is expected
to yield information about the economic
and political organization of the polity or
polities represented by these sites.

Rice Production during the First Millennium

A.D. in Central Thailand

There are a number of indications to
suggest that moated settlements on the
Central Plain during the 6th to 10th cen-
turies A.D. relied on wet rice agriculture.
First, with two exceptions, the moated set-
tlements are situated within the limits of
wet rice cultivation (see Fig. 2). Second,
rice chaff has been identified from bricks
in several Dvaravati public buildings
(Watabe 1976), which suggests that it was
a readily available building material.
Third, results of a regional survey in Lop-
buri Province has shown that there was a
shift in settlement location from soils suit-
able for dry farming to soils suitable for
wet rice agriculture by this time period
(Mudar 1993, 1995). O’Connor (1995:972)
suggests that “floodland” rice farming in

conjunction with house gardening was
practiced in the Chao Phraya Basin by
about 200 A.D.

Rice may be grown under a variety of
regimes, ranging from conditions of ex-
tensive inundation to those of dry farm-
ing. The association ofmoated settlements
with soils suitable for wet rice suggests
that this, rather than dry rice, was used.
Wet rice may be sustained by irrigation
water from canals or streams or grown in
shallow ponds of rainwater retained by a
clay substrate. The latter type of agricul-
ture is most prevalent currently on the
margins of the Central Plain; it is likely
that this type of agriculture was also prac-
ticed in the late first millennium A.D.

Two main types of rain-fed wet rice have
existed on the Central Plain in the recent
past: (1) a broadcast system, in which grain
is scattered on prepared ground, and (2) a
transplant system, in which rice is sprouted
in special beds and transplanted to larger
fields (Hanks 1972). There are a number of
factors influencing the choice of one system
over another, such as the availability of land
and labor, control over irrigation, and ease
of harvesting. Broadcast rice regimes re-
quire more land for the same amount of
harvested rice as a transplant system, while
transplant systems are characterized by
higher labor inputs. Transplant systems are
more likely to have smaller catchments, as
smaller tracts of land are needed to produce
a given amount of rice. On the Central
Plain, broadcast methods yield 1111–1976 kg
of rice/ha, as compared with almost 2500 kg
of rice/ha of transplanted land (Hanks 1972).

The Settlement Hierarchy

The 63 moated communities dated to
the second half of the first millennium
A.D. identified on the Central Plain of
Thailand are distributed from Petburi and
Prachinburi in the south to Nakhon
Sawan in the north, a distance of 270 km.
All but two of the sites were located within
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the present limits of effective rain-fed wet
rice agriculture. Soils suitable for growing
wet rice paralleled the shores of the Bay of
Bangkok and extend north along the up-
per Chao Phraya Valley. Land on the
western side of the Central Plain, how-
ever, is in a rainshadow, as the Tennasse-
rim Mountains block the southwestern
monsoonal rains from land on this side of
the Chao Phraya River.

The maximum area enclosed by a
moat at each site was used to compute
final site size.2 The sample was divided

into five categories based on final size
(see Fig. 3):

Primary center: The only settlement in
this category is Nakhon Pathom (7.3), on
the western margins of the Bay of
Bangkok. It is the largest site in the sam-
ple, measuring 602 ha. Nakhon Pathom
also contains the best known and most
extensive public buildings associated with
this time period (Krairiksh 1975).

Very large moated settlements: This cate-
gory contains two sites, Suphanburi (13.8)
on the western side of the embayment and
Praaksrigacha (3.2) on the northern side.
They are both about 350 ha in size.

Large moated settlements: There are seven
sites in this category, ranging in size from
161 to 101 ha. They are distributed
throughout the Central Plain on both
sides of the bay.

Medium moated settlements: The 12
moated settlements in this category range
in size from 100 to 47 ha. They are distrib-
uted throughout the study area.

2 Supajanya and Vanasin did not provide maps for

several sites whose locations are known. Some defi-

ciencies in the data were rectified by consulting

other sources (Quaritch-Wales 1969; Thai Fine Arts

Department 1988) to obtain estimates of site size.

Settlements for which information about site size

could not be found in the literature are retained in

Fig. 2, but are not included in any analyses. I assume

that the sites for which there was no size information

in the general literature were small, and escaped

attention. I have, therefore, arbitrarily assigned them

a small size (less than 46 ha) in Fig. 2.

FIG. 3. Settlement size hierarchy of moated settlements in central Thailand.
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Medium small moated settlements: The
majority of moated settlements are
smaller than 47 ha in size. These 34 sites
are also distributed throughout the area.

Further analysis shows, however, that these
five categories of sites only partially corre-
spond to the administrative hierarchy.

The Administrative Hierarchy

Position in the administrative hierarchy
was provisionally identified on the basis
of settlement location as well as size. The
administrative center of an area is the
largest site in the area, even though it may
not be notably larger in terms of region-
wide site size categories. The presence or
absence of different types of public archi-
tecture within the moated habitation areas
may be an important indicator of admin-
istrative functions, but was not informa-
tion that was systematically available for
all sites in the sample. Further archaeo-
logical investigation and identification of
different kinds of public architecture may
alter assignments within the administra-
tive hierarchy.

Four levels, as indicated by relative site
size and location, were identified:

Supra-regional center: There was only
one settlement in this administrative po-
sition, Nakhon Pathom (7.3).

Regional centers: Seven settlements have
been provisionally identified as regional
centers: Suphanburi (13.8), Praaksrigacha
(3.2), Lopburi (11.1), Pra Rot (9.2), Kok
Prassat (8.8), and Ban Dai (16.4). Regional
centers were the largest site in each sub-
region of the plain, regardless of their ab-
solute size. In this study, Nakhon Pathom
is also the regional center for the region of
the same name.

District centers: These were defined by
size and geographic position in relation to
the closest regional centers. There are 15
settlements in this administrative cate-
gory, ranging in size from 55 to 100 ha.

Sub-district centers: The remaining 34
moated sites in this sample range in size
from 45 to less than 2 ha in size.

Three moated settlements [Garung
(16.1), Site 16.2, and Site 4.3] were located
in regions with limited access to land suit-
able for growing wet rice on the margins
of the Central Plain. They are isolated, and
may have been placed to control transpor-
tation routes or to exploit resources such
as iron ore and stone which are not avail-
able on the alluvial plain. These special
function sites range in size from 83 to 14
ha.

Position in the site size hierarchy is not
congruent with position in the administra-
tive hierarchy (see Fig. 3). Only half of the
10 largest sites were designated regional
centers. Two medium-sized sites (9.2, 16.4)
were designated as regional centers. Thus,
the size range within the upper levels of
the administrative hierarchy was fairly
large. Bayard (1992:22) notes that a lack of
congruence between settlement size hier-
archies and administrative hierarchies ex-
ists in contemporary Thailand, as well.

Having defined regional centers, Thes-
sian polygons were drawn around them to
provisionally identify the regions associ-
ated with each center (Hodder and Orton
1976:59) (see Fig. 2). As the regional cen-
ters form a linear distribution around the
Bay of Bangkok, the perimeters of the re-
gions rely on features of the landscape as
well as socially defined boundaries for de-
marcation. The margins of the embay-
ment form one boundary. The limits of
soil suitable for wet rice agriculture form
the other. This resulted in seven regions,
although the data do not allow us to de-
fine the northern limits of the northern-
most administrative areas at this time. The
regions ranged in size from 3244 to 3352
km 2, averaging about 3300 km 2 (N 5 5),
and contained from 7 to 14 moated settle-
ments.

The surprisingly close agreement in size
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of area assigned to each administrative
region can be explained in several ways. It
may be related to administrative concern
for management of rice lands, as each re-
gion, as defined here, has approximately
the same amount of land suitable for
growing rice. This would assume, how-
ever, that rice-growing regimes are the
same on either side of the Bay of Bangkok,
which may not be the case. The uniformity
of administrative area sizes may also be a
function of the limits of effective commu-
nication within each region. More data are
needed to test these propositions.

The regional centers are distributed
fairly evenly around the margins of the
bay, with an average of 75 km between
settlements. This pattern is altered on the
eastern side of the bay; there is 130 km
between Lopburi (11.1) and Pra Rot (9.2).
This distance, unusually large when com-
pared with that between other regional
centers, suggests that an administrative
regional center has not been recognized.
The settlement of Utapao (12.1), 83 ha in
size, is situated approximately halfway
between Lopburi and Pra Rot and may be
a regional center. It would have been,
however, associated with a small territo-
rial unit in comparison to other regions,
1642 km 2, and only one to three other
moated settlements (see Table 1). For the
purposes of this study, therefore, Utapao

has not been assigned a status as a re-
gional center.

Degree of Regional Integration

The limited data, consisting of evidence
for a four- or more tiered settlement hier-
archy, uniform territorial sizes, combined
with other evidence suggesting that
moated settlements shared a similar writ-
ing system, religious beliefs, language,
and political institutions, are commensu-
rate with definitions of state-level polities.
Wright (1977) defines a state as a social
formation with a centralized decision-
making process that is both externally
specialized with respect to the local pro-
cesses it regulates and internally special-
ized in that the central process is divisible
into separate activities that can be per-
formed in different places at different
times. He also suggests that state-level
polities are able to coordinate more than
three levels of regulatory hierarchy. While
the data are inadequate for rigorous test-
ing of propositions concerning state for-
mations on the Central Plain of Thailand,
the discontinuous distribution of the sizes
of large settlements containing public ar-
chitecture in the form of moats and the
remnants of non-domestic buildings sug-
gests that they represent a sophisticated
state-level polity.

TABLE 1

Summary Statistics for Administrative Regions in Central Thailand during the First Millennium A.D.

(Excluding Nakhon Sawan and Uthai Thani).

Region

Number of

settlements

Area of Capital

(ha)

Sum of non-

Capital settlement

area (ha)

Administrative

territory size (km 2)

Chainat 12 315 306 3377

Lopburi 14 (11)a 137.5 564 (444)a 3417 (2112)a

Nakhon Pathom 8 602 613 3360

Prachinburi 7 (6)a 103.7 209 (184)a 3244 (2901)a

Suphanburi 9 366 346 3652

Utapao 4 83 149 1642

a Numbers in parentheses are adjusted for placement in the Utapao administrative region.
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It is possible, however, that the scale of
the inquiry is incorrect, and that the seven
administrative units and their associated
settlements defined here represent early
state modules (ESMs), as defined by Ren-
frew (1975), each territory being indepen-
dently governed. The territorial sizes, as
defined here, are almost twice as large as
the territories proposed by Renfrew as be-
ing characteristic of ESMs. To adequately
test these propositions, representative
samples of all levels of the settlement hi-
erarchy, both moated and non-moated
settlements, are needed.

The question of whether moated settle-
ments on the Central Plain represent a
single system or a series of ESMs can be
explored by considering the relationship
of sites within the system in terms of rel-
ative size. The rank-size rule suggests that
in a well-integrated regional system a set-
tlement of rank r in a descending array of
settlement sizes will have a size equal to
1/r of the size of the largest settlement in
the system (Johnson 1981:145). If plotted
on log–log paper, this dimension yields a
straight line with a slope of 21. This ex-
ample of complete integration provides a
means for evaluating other instances of
rank-size distributions.

Johnson (1981) suggests that this char-
acteristic configuration is a function of in-
teracting independent variables that
structure site size. He notes that if a ran-
dom variable y (here considered to be site
size) is a product of independent random
variables (here signifying degree of re-
gional integration), the distribution of y

becomes leptokurtic and skewed (which
produces a log-normal line with a slope of
21) as the number of independent vari-
ables (regional integration) increases
(Johnson 1981:151). In highly integrated
systems the size of a given settlement is a
conditional function of the sizes of the
other settlements (Johnson 1981:152).

There are two interesting deviations to
this pattern. One is a convex distribution,

in which the rank-size configuration of the

sample lies above a line with slope of 21.

This occurs where there are several larger

centers of similar size and is an indication

of limited integration between settle-

ments in the sample. It may indicate that

the level of regional integration is low; it

may also indicate that the sample is com-

posed of settlements from two highly in-

tegrated systems that have been pooled.

Care is needed when interpreting results

of this nature.

Concave distributions, sometimes called

primate distributions, occur when the larg-

est site in a settlement system is larger than

the sizes the other sites would predict. This

may occur when economic competition is

minimized for the largest center. In situa-

tions of multiple settlement system interac-

tion, this may occur when the largest settle-

ment differentially interacts with settle-

ments in other systems.

The rank-size distribution of moated set-

tlements in this sample suggests that by the

end of the first millennium A.D. the Central

Plain of Thailand was integrated into a sin-

gle system as the distribution of sites con-

forms well to expectations of site-size distri-

bution for a politically and economically

integrated system (see Fig. 4). This linear

pattern indicates that the settlements were

not partially integrated, competing centers

and that the largest site, Nakon Pathom,

was not an over-sized “primate” center, nei-

ther suppressing the growth of other cen-

ters nor acquiring resources from a larger

system. There is no evidence to indicate that

the largest site, Nakhon Pathom, was sup-

pressing growth of other settlements

through monopoly of resources or that it

was a colony of another polity.

The rank-size distribution of the moated

settlements shows rapid fall-off at sizes

smaller than about 10 ha. This is character-

istic of most rank-size distributions, and is

not to be confused with a convex distribu-

tion. Johnson (1981:109) suggests that this
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indicates the size below which economic
viability rapidly decreases.

The lack of a convex pattern suggests that
moated settlements on the Central Plain, by
the end of the first millennium A.D., were
part of a single polity that was politically
and economicallywell integrated. The rank-
size distribution indicates that this integra-
tion was achieved with the emergence of
Nakhon Pathom as the largest settlement.
Before adding the second moat that dou-
bled the size the site, Nakhon Pathom was
the same size as the second and third rank-
ing sites in the rank-size distribution, which
may suggest that they were capitals of three
competing polities.

Settlements and Administrative Function

It is possible to test the proposition that
moated settlements are administrative
centers. Comparisons of moated with
non-moated sites suggest that settlements
without moats and without administrative
functions were limited in their growth po-
tential. Results from settlement survey in
the Lam Maleng Valley in Lopburi Prov-
ince (Mudar 1993, 1995) demonstrate that,
although the moated settlements are bet-
ter known, non-moated sites were a sig-
nificant component of the late first millen-
nium A.D. settlement system. A total of 32
sites with Dvaravati culture components
have been identified in Lopburi Province;
23 were non-moated.

The largest non-moated site in the Lam
Maleng Valley was about 12 ha (see Fig. 5
and Appendix II). The size of the moated
settlements at which “lower limb fall-off”
occurred in the moated settlement rank-
size distribution of the larger sample from
the Central Plain was 10 ha (see Fig. 4).
This suggests that 10–12 ha was the larg-
est that a self-sustaining site without ad-
ministrative position could grow. Why
should this be so? Site growth may be
inhibited by the limits of catchment pro-
ductivity.

The evidence discussed above suggests
that rice was the primary grain that un-
derwrote polities on the Central Plain.
Whether the rice was broadcast or trans-
planted is not known. Let us assume, for
now, that it was broadcast. On the Central
Plain, broadcast methods yield 1111–1976
kg/hectare of land per year (Hanks 1972:
164). Here I use the most conservative es-
timate of 1111 kg when estimating pro-
ductivity.

Annual yields are only a rough approx-
imation of the amount of grain available
for consumption. Variables such as grain
loss, milling loss, and seed saved for
planting must be taken into account when
estimating community needs. Welch
(1985) indicates that grain loss between
harvest and milling may be as high as
20%. Milling further reduces weight of
grain by 37%. Seed must also be set aside
for planting the following year. He sug-
gests that 45 kg/ha is required for broad-
cast rice. I estimate that approximately 477
kg of milled rice/ha of crop would have
been potentially available for consump-
tion on the Central Plain.

Another variable that pertains to abso-
lute estimates of catchment potential is
the amount of rice necessary to sustain a
person on an annual basis. Durrenberger
(1978) suggests that the Shan inhabitants
of Thongmaksan consume an average of
327 kg of rice per person per year. Welch
(1985) used a consumption rate of 200 kg
per year, more than 125 kg lower. Mac-
donald (1980) used a rate of 1000 kg/year,
which is almost certainly too high. Izikow-
itz (1951) suggests that the average Lamet
person consumed 73 kg per year. The dif-
ferences between the various estimates
may be a function of the availability of
other foods in the diet. It is, however, dif-
ficult to determine whether the inhabit-
ants of the moated settlements would
have consumed rather more rice, having
limited access to other sources of domestic
carbohydrates, or less rice, having access
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FIG. 4. Rank-size distribution of moated settlements in central Thailand.
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to wild resources not available to modern
peasant communities. Here, following
Durrenberger, I use an average estimate
of 327 kg of rice per person per year,
which is almost a kilogram of rice per day.

Estimates of the amount of rice needed
to sustain a settlement on a yearly basis
rely on two population parameters: popu-
lation size and population structure. As
population cannot be counted directly,
site area provides an approximation. The
population of the community undoubt-
edly expanded beyond the moat perime-
ter during the occupation of the site. I
assume, however, that at construction the
moat enclosed the majority of the habita-
tion area. Site area provides, therefore,
some measure of population at the time of
moat construction.

Population estimates, however, are de-
pendent on estimates of site density. Esti-
mates of the average number of people
occupying a hectare of habitation area in
Southeast Asia are difficult to assess.
Welch (1985) refers to Calder’s ethno-
graphic work in northeast Thailand and

uses her figures of 50 and 75 people per
hectare of occupation in estimating pre-
historic population densities. Macdonald
(1980:90) uses a density estimate of 100
people per hectare. He notes that this is
approximately the density of people in the
present-day village of Ban Na Di, in
northeast Thailand. As Wright (personal
communication 1992) points out, however,
present-day villages may compare poorly
with prehistoric settlements. Modern
house compounds tend to be large to ac-
commodate mechanized farm machinery,
and roads and yards are wide to allow
movement of trucks and tractors. In addi-
tion, houses built with power tools tend to
be larger than houses built entirely by
hand, as constraints on the size of trees to
be felled and transported are fewer.

Izikowitz (1951) mapped two Lamet vil-
lages in the course of his fieldwork. From
these maps and his census it is possible to
derive a population density estimate of
approximately 150 people per hectare of
habitation. This figure may be a little high
for an average density, as the villages

FIG. 5. Settlement size hierarchy of settlements dating to the first millennium A.D. in Lopburi

Province.
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were situated on a ridge top and were
constrained by the narrow summit. The
houses, however, were made without
mechanized tools, and the pathways did
not have to accommodate vehicular traffic.
I suggest that a range of 100–150 people
per hectare of prehistoric occupation may
be more representative than the lower es-
timates of 50 to 75 people per hectare. In
this study I use an average of 100 people
per hectare of habitation.

Not all of the enclosed area of a moated
settlement would have been devoted to
habitation. Excavations at large moated
settlements have revealed foundations of
large, presumably public buildings, but
the extent of moated area devoted to ad-
ministrative and/or religious buildings
and markets is not known. Following
Steponaitis (1981:354), I use a figure of
15%. Thus, the area of a site available for
habitation, and used for population esti-
mates, is 85% of the total site area.

The proportion of adults in each settle-
ment is a function of the population struc-
ture. At present, no cemeteries from this
time period have been studied, and no
data are available for population structure
at moated settlements. Weiss suggests
that, assuming a stable population struc-
ture, the proportion of individuals be-
tween the ages of 15 and 60 in pre-indus-
trial populations ranges between 34 and
58% (Weiss 1973). The exact proportion is
dependent on specific birth and death
rates, which are not available for this pop-
ulation. I use here the maximum popula-
tion estimate of 58% adults.

Using estimates of an average of 85 peo-
ple/ha of total site and a population struc-
ture of 58% adults, I estimate that there
were 50 adults/ha of habitation, each re-
quiring 327 kg of rice/year for sustenance.
I assume here that the other 42% of the
population, children under 15 and adults
over 60, required less rice, a figure that I
have set at 1 kg rice/day. The amount of
rice required yearly for a sub-adult or an

elderly person is estimated to be 163 kg,
and the amount of rice required to sustain
an average population of a hectare of hab-
itation on a yearly basis is 22,055 kg. The
amount of rice needed to support a 10-ha
community would, therefore, be 220,550
kg.

If broadcast rice planting yields 477 kg
of rice/ha for consumption, 492 ha of land,
or a circular catchment area with a radius
of 1.2 km, is required to support a com-
munity of 10 ha. Assuming that some por-
tion of the land is fallowed and devoted to
other crops and woodlots for firewood,
and that some portion of the rice harvest
is given up for taxes, the catchment area
required would be even larger. Work by
Naroll (1962), however, suggests that
there is an upper limit to effective agricul-
tural catchment size, and that most farm-
ers prefer to walk no farther than 2 km to
fields. Under the conditions stipulated
here, a 10-ha site approaches the largest
size that a settlement can easily grow
without relying on foodstuffs extracted
from the surrounding communities. These
conditions may have limited the size of
non-moated settlements and suggest that
sites significantly larger than this either
relied on other communities for some por-
tion of their foodstuffs or used other forms
of cultivation, such as transplanted rice.

Under conditions of transplanted wet
rice agriculture yielding 1348 kg/ha of
consumable rice a 10-ha community
would require a catchment area with a
radius of approximately 0.8 km, assuming
that all the land within this catchment was
devoted to rice production. A catchment
area with a 2-km (2.13 km, when the hab-
itation area is subtracted) radius could
support a community approximately 70 ha
in size, assuming that all non-inhabited
land within this radius was given over to
wet rice.

The results of this exercise suggest that,
under conditions of broadcast wet rice
cultivation, settlements larger than 10–12
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ha were probably not self-sustaining and
drew on other communities to support
some portion of the population. Under
conditions of transplanted rice agricul-
ture, sites had the potential to grow to a
larger size, up to 70 ha, but were still lim-
ited by effective catchment size. Under
either cultivation regime, and both may
have been practiced on the Central Plain,
the data suggest that some portion of the
settlement system was maintained by
other communities.

Propositions about the types of wet rice
cultivation practiced could be tested by
comparing the maximum size of non-
moated sites from different parts of the
Central Plain. Regions in which agricul-
tural practices have resulted in higher
productivity should exhibit larger aver-
ages in the maximum site size for self-
sustaining communities than regions
whose agricultural practices resulted in
lower productivity. Unfortunately, data
comparable to the Lam Maleng survey in
Lopburi Province are not currently avail-
able. Glover (1982–1985) reported on a se-
ries of non-moated “Early Historic” settle-
ments in Suphanburi and Kanchanaburi
provinces, which undoubtedly included
components from the 6th to 10th centuries
A.D., but did not include site sizes in his
descriptions. Data from Lopburi Province
suggest that non-moated settlements on
the eastern Central Plain were supported
by broadcast wet rice; however, on the
western plain decreased water supplies
may have forced a mix of transplanted wet
rice and dry farming of other crops.

EVIDENCE FOR CENTRAL CONTROL
OF LOCAL RESOURCES

Span of Control

The above examination of the rank-size
distribution of settlement sizes indicates
that the degree of regional integration was
high by the end of the time period consid-

ered here, congruent with an interpreta-
tion of economic and political interdepen-
dence. This regional integration was most
likely achieved through the development
of control apparatus that, among other
things, monitored resource allocation. Ex-
amination of relationships between the
moated settlements may indicate the span
of control, one aspect of administrative
oversight.

The span of administrative control re-
fers to the number of different kinds of
activities monitored and the number of
sub-units supervised. Johnson (1981) has
found that an administrative unit that su-
pervises a wide range of activities is usu-
ally responsible for fewer sub-units than
one that is responsible for the supervision
of a limited range of activities. Johnson
demonstrates that an administrative unit
can supervise more people performing a
few types of tasks or fewer people per-
forming many different types of tasks.
This is a function of the limits on different
categories of information that can be effi-
ciently processed by the administrative
unit.

If the areas enclosed by the Thessian
polygons relate to administrative units we
can examine the span of control for each
region. If we assume that the proportion
of administrative personnel and popula-
tion density is relatively constant for all
sizes of moated settlements, then the ratio
of the size of the regional center to the
combined area of all the other moated
sites in the region can provide us with a
relative measure of the span of adminis-
trative control.

The number of subordinate moated set-
tlements within each region ranges from 6
(Prachinburi) to 13 (Lopburi). When the
ratio of the area of each regional center to
the combined area of other communities
with administrative functions in the re-
gion is computed we see two patterns
emerge (see Fig. 6).

On the western and northern margins
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of the Bay of Bangkok, this ratio is approx-
imately 1:1. The area of the regional center
is approximately equal to the summed ar-
eas of all other moated sites within the
defining Thessian polygon. If we assume
that the site area of the moated settle-
ments can be used as a relative population
estimate, and that administrative person-
nel is a constant proportion at all moated
sites, then this ratio suggests that there
were a limited number of sub-units super-
vised by administrative units in the west-
ern and northern regions. This ratio fur-
ther implies that a relatively wide range of
activities were supervised.

On the eastern side of the Bay of
Bangkok, the ratio of size of regional cen-
ter to other site areas combined is be-
tween 1:2 and 1:4. The ratio for Lopburi
region is 1:4. If settlements associated with
the Lopburi administrative region are in-
cluded in the Utapao region the ratio is
still high, 1:3. The ratio for Prachinburi

region is 1:2. This suggests that the control
hierarchy in these regional centers was
responsible for a larger number of sub-
units. This ratio also implies that fewer
kinds of activities were monitored.

If settlements on the eastern and west-
ern sides of the Bay of Bangkok were in-
volved in different modes of rice agricul-
ture, the differences in the span of control
may be a reflection of different grain mo-
bilization practices. Hagesteijn (1989:99)
suggests that Southeast Asian administra-
tors had difficulty mobilizing grain from
constituent settlements. In the rain-
shadow areas of the western site of the
Bay of Bangkok the relatively rainfall-poor
environment may have required greater
emphasis on irrigated and transplanted
rice regimes. The smaller fields needed
for transplanted rice could have been rel-
atively accessible to moated settlements
and facilitated supervision of corvee labor.

This system of grain mobilization would

FIG. 6. Ratio of settlement size of each regional capital to summed areas of moated settlements

under its administrative control in central Thailand.
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not have been as efficient on the eastern
margins of the Bay of Bangkok if settle-
ments there depended on broadcast rice.
Large field sizes and distance from settle-
ments may have made mobilization of
harvested grain more efficient.

On the eastern side of the Bay of
Bangkok slightly higher rainfall would
have permitted broadcast rice, as it does
today. Administrative offices, finding it
difficult to monitor activities of a more
dispersed population, may have relied on
mobilization of rice, rather than cultiva-
tion of reserved fields. Large field sizes
and distance from settlements may have
made mobilization of harvested grain
more efficient. Data from complete re-
gional surveys on the west side of the Bay
of Bangkok, comparable to settlement
data from the east side (Mudar 1993, 1995),
are needed to examine questions of econ-
omy and regional organization more
closely.

Administrative Territories

Settlement size alone is not necessarily
indicative of relative importance in the
administrative hierarchy. Catchment size
and productivity in relation to site size can
also be important variables. In an insight-
ful study, Steponaitis (1981) developed a
predictive model of administrative orga-
nization based on site size and catchment,
and tested it with Formative Period sites
in the Valley of Mexico. In particular,
Steponaitis examined the relationship be-
tween settlement size and agricultural po-
tential. Using these data, he demonstrated
that settlement size in combination with
other analytical variables provided a bet-
ter measure of control functions at each
settlement than site size alone. Using a
measure of catchment productivity, he
found that communities with administra-
tive functions tended to be larger than
their catchment potential would have pre-
dicted. This discrepancy is because a por-

tion of the population at these sites was
supported by foodstuffs mobilized from
other communities. In his study, catch-
ments were defined as land within a 1- to
2-km radius of the center of the settle-
ment. Graphing sizes against catchment
potential allowed Steponaitis to identify
the number of administrative levels in the
community and examine the organization
of control.

Steponaitis’ (1981) study of settlement
patterns in the Valley of Mexico demon-
strated that a complex polity that sustains
itself through mobilization of foodstuffs,
particularly agricultural products, will ex-
hibit regular relationships between site
size and catchment potential, which are
partially a function of the administrative
hierarchy. The difference between the ob-
served and expected relationships was a
means to measure the amount of tribute
being extracted, degree of centralization,
and identification of settlements with con-
trol functions.

In the present study I argue that if there
was mobilization of agricultural goods by
moated settlements, a regular relationship
between moated site sizes and adminis-
trative territories should also be evident.
To examine the nature of this relationship
Thessian polygons were drawn around all
of the moated settlements in each region,
and the area within each polygon was
measured (see Appendix I). The area of
each polygon was then plotted against site
size (see Fig. 7). There are some differ-
ences in the methodology, as Steponaitis
measured productivity variation within a
constant area, and I assume that produc-
tivity is constant on the relatively homo-
geneous Chao Phraya Plain and measure
variation in area associated with each
moated settlement. I propose, however,
that mobilization of agricultural goods
should be evident in a regular relation-
ship between site size and land within
each Thessian polygon assigned to the
site.
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FIG. 7. Land suitable for wet rice cultivation associated with moated settlements in central Thailand.
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The results are suggestive, although the

lack of detailed information about the ag-

ricultural regime and non-moated sites in

each administrative area does not allow

for detailed conclusions. The size of each

community graphed against area of indi-

vidual administrative territories produces

several levels of separation, in concor-

dance with Steponaitis’ model. The re-

gional centers, however, produced two

levels of separation, based on the wide

range of site sizes for this administrative

category. Nakhon Pathom is in its ex-

pected place, as the polity capital, but the

very large moated sites are significantly

larger than the large and medium regional

capitals. The distribution of the very large

moated sites may conform to the predic-

tions of Steponaitis’ model if these sites

held an administrative position that was

specific to them alone. There are several

other explanations possible for this con-

figuration. Rather than representing a su-

pra-regional center level of administra-

tion, these sizes may be a historical

artifact of previous capital status for these

communities. More information about the

history of this region is necessary to test

this proposition.

It is possible that one of the assump-

tions concerning catchment productivity

has been violated. For the purposes of this

study I have assumed that the agricultural

potential is the same on both sides of the

Bay of Bangkok. This may not be a valid

assumption, as different cultivation prac-

tices can alter the agricultural potential of

a given plot of land. Lower rainfall on the

western side of the Central Plain may

have promoted greater water control, and

transplanting regimes rather than broad-

cast rice growing systems. Increased pro-

ductivity could account for larger site

sizes. It is possible that the agricultural

potential on the east and west sides of the

Central Plain is different and that combin-

ing these data has produced an artificially

inflated number of levels in the adminis-
trative hierarchy.

Emergence of Complex Polities on the

Central Plain of Thailand

Settlement distribution and the ranked
sizes of the settlements suggest that by the
end of the first millennium A.D. the Cen-
tral Plain of Thailand was integrated into a
single polity, but the processes involved in
the development of a centralized admin-
istrative hierarchy remain unelucidated.
While basal deposits at several sites have
yielded evidence of earlier occupations
and demonstrate that there was proto-his-
toric habitation of the Central Plain of
Thailand (Bronson 1976; Ciarla 1992), little
is known about the history of the region
between about 500 B.C. and the sixth cen-
tury A.D.

Examination of the distribution of
moated settlements that show evidence of
having extended their moats, discernibly
increasing site size, provides evidence
about processes of regional integration.
The eight settlements are not randomly
distributed throughout the Central Plain.
Five of these settlements are either the
capital for the respective administrative
region or the nearest neighbor for one of
these capitals.

In the Prachinburi region, Ku Muang
(2.1) shows evidence of expansion from 4.5
to 41 ha and is the closest settlement to the
capital of Pra Rot (9.2). In Uthai Thani,
Muang Bon (8.2) increased from 8 to 61 ha.
In Nakhon Sawan, Sra Gao (8.5) grew
from 25 to 45 ha. The association of settle-
ments with evidence of site expansion and
regional capitals suggests that there was
political or economic competition be-
tween the settlements.

Although the Lopburi administrative
region includes a settlement with evi-
dence of enlargement, this site is not the
nearest neighbor of the capital. Utapao
(12.1) is situated approximately halfway
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between the regional capitals of Lopburi
and Pra Rot. It increased from 15 to 83 ha
when the second moat was added. Its lo-
cation halfway between Lopburi and Pra
Rot and history ofmoat expansion suggest
that Utapao may have controlled a re-
gional territory. Utapao may have been
the regional center for a separate regional
administrative unit which was eventually
incorporated into the Lopburi administra-
tive hierarchy. Dating the moat expansion
at Utapao in relation to the growth of Lop-
buri and Pra Rot would shed light on this
issue.

Praaksrigacha (3.2) increased in size
from 81 to 315 ha. Praaksrigacha, Suphan-
buri, and Nakhon Pathom are the three
largest sites in the settlement hierarchy.
Before Nakhon Pathom doubled in size
through addition of the second moat, it
was the same size as the other two settle-
ments, about 300 ha. If these settlements
were the same size concurrently, they may
have been the regional centers of compet-
ing polities. The doubling of moat size at
Nakhon Pathom may signal supra-re-
gional integration of settlements.

The remaining two settlements with ev-
idence of moat expansion are Sites 16.2
and 4.3, in the northwest and southeast
margins of the Central Plain, respectively.
Both were classified as “special function
sites” placed either to control trade or to
extract and protect special resources. The
expansion of these sites may signify in-
creasing control over settlements on the
margins of administrative territories.

The expansion of the five regional cap-
itals or their nearest neighbors suggests
that competitive interactions character-
ized the time period immediately prior to
regional integration. This proposition can
be tested by dating the moat expansions
of nearest neighbors in relation to growth
of capitals. There is also some textual ev-
idence to suggest that regional integration
occurred. Research on the Dvaravati
Kingdom identified a capital first at the

site of Utong (13.2) and later at Nakhon
Pathom (7.3) (Higham 1989:279). The des-
ignation of Utong as a capital is based on
the recovery of inscriptions during exca-
vation of public buildings. A copper plate
was recovered that, translates, states “Sri
Harsavarman, grandson of Isanavarman,
having expanded the sphere of his glory,
obtained the Lion Throne through regular
succession” (Higham 1989:271). This sug-
gested to early researchers that a royal
household was maintained at Utong. The
present study, which relies solely on
moated settlement size as the organizing
variable, assigns Utong to the position of
district center. Its position in the adminis-
trative hierarchy would suggest that it was
no more than a minor center by the 10th
century. The presence of this copper plate
at Utong, rather than signifying a position
as a capital, may actually indicate loss of
administrative autonomy and incorpora-
tion into a regional system.

The growth of Praaksrigacha may signal
the emergence of supra-regional organi-
zation. If Praaksrigacha, Suphanburi, and
Nakhon Pathom were all approximately
the same size at the same time, there may
have been intense competition. That Na-
khon Pathom came away the victor may
be indicated by moat extension to become
the largest settlement on the Central
Plain.

The five largest settlements, Nakhon
Pathom, Suphanburi, Praaksrigacha, Site
10.4, and Site 13.7, are located on the west-
ern side of the Bay of Bangkok. This ability
to support higher urban population den-
sities may be due to one or a combination
of several factors. One possibility is that
urban settlements are older on the west-
ern side of the plain, and the observed
population density is the accumulation of
an extended period of habitation. This
pattern of settlement distribution may be
an artifact of occupational duration.

A second possibility is that transplanted
wet rice agriculture was practiced on the
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western side of the Bangkok Plain, provid-
ing an agricultural base for higher popu-
lation densities. Examination of non-
moated and moated settlement patterns
in Lopburi Province suggests that broad-
cast wet rice was the most common mode
of agricultural production on the eastern
side during this time period.

A third possibility is that polities on the
western side of the Central Plain derived
material support for urban populations
through other activities besides agricul-
ture, specifically long-distance trade. The
limited evidence available suggests that
the Central Plain has had extensive in-
volvement with goods moving through
Southeast Asia. Excavations at the ceme-
tery site of Ban Don Tha Pet (Glover 1990),
dated to the fourth century B.C., have
yielded carnelian and glass beads from
India, high-tin bronzes that were probably
export objects to India, and double-
headed ear ornaments from Viet Nam.
The site is located on the western side of
the Central Plain and suggests that goods
moved through the Central Plain, possibly
coming over the Three Pagoda Pass from
the Gulf of Martaban.

In the early centuries A.D. communi-
ties on the Central Plain were in contact
with polities in the Mekong delta. Sty-
listic similarities between artifacts exca-
vated at Oc Eo in southern Viet Nam
(Malleret 1959) and objects found at
Chansen (Bronson 1976) indicate that
communities on the Central Plain were
tied economically, if not politically, to
Mekong settlements. These items in-
clude earthenware stamps, bronze bells
with filigree spirals, and tin stamps
(Bronson 1976:682). The presence of sim-
ilar objects in communities separated by
hundreds of kilometers suggests that
their relationship facilitated the ex-
change of goods and/or technologies.
Wheatley (1983) suggests that the con-
quered polities of “Tungsung” were on
the shores of the Bay of Bangkok and

that these moated settlements were sub-
ordinate to a polity or polities in the
Mekong Delta, collectively known as Fu-
nan.

Funan’s emergence in the second cen-
tury A.D. appears to have been tied to
long-distance trade (Hall 1985). The
Mekong Delta was an important node in
an international trade network which in-
cluded the Mediterranean, India, South-
east Asia, and China. Goods moved in
both directions from southern Europe
(Miller 1969) and China (Wolters 1967),
through east Africa (Datoo, 1970, Wright
1993), and India (Ray 1989a, 1989b), to
Southeast Asia (Mabbett 1977; Ardika and
Bellwood 1991). Excavations at Oc Eo in
southern Vietnam, which was probably an
important Funan port, yielded objects as
diverse as intaglios from the Roman Em-
pire and mirrors from the Han Chinese
Empire (Malleret 1959).

Funan declined in the late fifth century
A.D. Hall (1985:72) suggests that, as wet
rice agriculture spread throughout island
Southeast Asia, the Mekong delta lost its
monopoly as a supplier of surplus rice.
Wolters (1967:37) argues that Funan col-
lapsed as a result of Khmer pressure from
the north. In addition, trade routes ap-
peared to have shifted, depriving Funan
coastal ports of their economic base.
Ships, now capable of sailing both legs of
the route between China and India, began
to use the Straits of Mollucca rather than
off-loading at the northern end of the Ma-
lay Peninsula.

Trade with India may have been an im-
portant source of revenue for communi-
ties on the western side of the Bay of
Bangkok during the second half of the first
millennium A.D. This proposition has yet
to be tested through systematic examina-
tion of foreign goods in moated settle-
ments or facilities for storage. The goods
and services provided by the moated set-
tlements, likewise, have not been identi-
fied. Control of trade, however, may be a

21HOW MANY DVARAVATI KINGDOMS?



key element in explanation of the distri-
bution of sites on Central Plain.

CONCLUSIONS

Through analysis of locational data per-
taining to moated sites in Central Thai-
land, this study has begun to assess the
degree of socio/political and economic in-
tegration of settlements around the Bay of
Bangkok during the second half of the first
millennium A.D. The study addresses a
paucity of information about an important
time period in the development of com-
plex polities in Southeast Asia. The lack of
systematic collection of data pertaining to
this time period may be partially attrib-
uted to the history of investigation in the
region; historians have been concerned
with time periods with written records,
and archaeologists have been pre-occu-
pied with origin questions centering on
topics such as plant domestication and the
development of metallurgy.

Consideration of the patterns of moat-
ing at settlements around the Bay of
Bangkok suggests that the moats may be
used to signify the presence of supra-site
administrative functions. The proposition
that moated settlements were administra-
tive nodes was approached through ex-
amination of the relationship between site
size and catchment, under conditions of
broadcast and wet rice agriculture. Ba-
yard, rightly, questions “the degree to
which we are currently able to assign val-
ues of any precision to the variables of
food production and population density
often put forth as crucial causal ones for
increasing complexity” (1992:18). In a cri-
tique of studies of population density, ag-
ricultural productivity, and site size, he
notes that the lack of precision and the
wide range of variation in estimates of
these variables limit their explanatory
power. He concludes, however, that “we
must continue to apply these tests, even
with imprecise values for our variables, if

only to point up errors in our prior as-
sumptions; but the inadequacies of our
database must be continually borne in
mind” (Bayard 1992:24).

Keeping this caution in mind, estimates
of the maximum amount of broadcast wet
rice available for consumption within a
circular area with a radius of 2 km on the
Central Plain suggest that the largest that
a self-sustaining community could grow
was about 10 ha. It is unlikely that, under
conditions of broadcast wet rice agricul-
ture, moated settlements larger than
10–12 ha were self-supporting, but drew
on other communities’ resources. If using
transplanted wet rice, self-supporting
sites could, theoretically, grow to up to 70
ha in size. The appearance of larger
moated settlements, therefore, indicates
the presence of regional control, as these
communities had to mobilize resources
from other settlements. Comparison of
sizes of non-moated settlements from
both sides of the Central Plain, identified
through systematic regional surveys, will
provide a basis for assessing types of ag-
riculture practiced. Establishing dates for
the appearance of settlements larger than
the maximum predicted for the type of
agriculture practiced should also date the
inception of supra-settlement mobiliza-
tion strategies.

A hierarchy of site sizes suggests that
they represent at least four administrative
levels. This hierarchy is based on only one
variable: size of moated settlements. Sys-
tematic examination of other site at-
tributes, such as presence of ramparts and
public buildings, may change ranking in
the administrative hierarchy. It is also
necessary to investigate the extent of
moated settlements in the Upper Chao
Phraya Valley to determine the geograph-
ical limits of the Dvaravati polities.

Although the presence of a moated set-
tlement that is almost twice as large as the
next largest settlement suggests that the re-
gion was integrated into a single polity by
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the end of the time period considered here,
the process by which integration was
achieved and identification of the number
of extant polities await further research. De-
pending on the scale of the investigation,
patterns observed in the limited data avail-
able here fit criteria for single state-level
polity, a series of competitive states, or some
form of non-state organization, such as
complex chiefdoms. Depending on the time
period, all three social formations may have
have functioned around the Bay of
Bangkok. The rank-size distribution ofmax-
imum settlement sizes suggests, however,
that, by the end of the time period under
consideration here, the Central Plain was
integrated into one regional economic sys-
tem. Further investigation, specifically re-
finement of regional chronology of growth
of individual settlements, is needed to iden-
tify relevent processes in the development
of complex polities.

The regional areas, as defined here, fit
the definition of peer polities (Renfrew
1975; Renfrew and Cherry 1986) in that the
five complete regions are approximately
the same size and exhibit a shared system
of writing, beliefs, language, and political
institutions. These shared features came
about through interactions, although the
precise nature of these interactions will
only be known when more precise chro-
nologies are available for Dvaravati sites.
The presence of the moats and the evi-
dence for ramparts on sites in the Central
Plains suggest that competition and war-
fare may have been one type of interac-
tion that took place. Further investigations
of moated settlements and associated ter-
ritories within the framework of peer pol-
ity interactions may be a useful way to
approach the development of social sys-
tems around the Bay of Bangkok.

Despite the present inability to provide
labels for the social phenomena examined
here, there has been a conscious effort to
characterize these manifestations of social
and political integration with reference to

terms used by anthropologists in other
parts of the world. While terms such as
“mandala” (Higham 1989), “muang” Ba-
yard (1992), and “ban” (Moore 1988a) ac-
knowledge unique features of Southeast
Asian polities, they deprive anthropolo-
gists of ways to make meaningful compar-
isons with other case studies and diminish
explanatory power in elucidating origins
of these social complexes. The use of these
terms reinforces the perceptions that
Southeast Asian prehistory and early his-
tory is unique and cannot be elucidated in
terms of universal models.

The lack of a suitable database for testing
propositions about the origins and organi-
zation of early complex polities may par-
tially account for views in the literature that
social development in Southeast Asia does
not follow trajectories described for other
areas. In addition to adequate databases for
testing hypotheses, explanatory models are
needed that address the emergence of com-
plex polities within the context of interac-
tions with other complex polities, circum-
stances that are especially prevalent in
Southeast Asia. The use of models devel-
oped to address questions of emergence of
pristine states, as opposed to polities that
are in extended contact with other polities,
may also have contributed to the perception
that Southeast Asia is unique in its devel-
opment (Morrsion 1994:183).

Investigating political formations that
were also in extensive contact with other
polities on the western side of the Indian
Ocean, Wright notes that “any general ex-
planation of the development of complex
cultural systems should subsume cases aris-
ing under many different conditions”
(Wright 1993:658). The quantification of
variables for characterization of degree of
regional organization and economic organi-
zation is a key step in the development and
testing of explanatory models which, while
specific to the Central Plain of Thailand, are
of relevance to understanding other social
systems as well.
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APPENDIX I: SIZES AND ASSOCIATED AREAS OF MOATED SETTLEMENTS
ON THE CENTRAL PLAIN OF THAILAND

Numbera Name

Phase 1 site size

(ha)

Phase 2 site size

(km 2)

Associated

lands

Chainat

3.1 20.8 20.8 243

3.2 Praaksrigacha 81 315 137

3.3 Utapao 40.2 40.2 218

3.4 14.5 14.5 312

3.5 8.3 8.3 62

3.6 131

8.3 8 8 262

8.7 Chansen 32 32 550

13.6 14.8 14.8 775

13.9 22 22 262

14.1 Kumuang 62 62 175

14.2 44 44 250

15.2 11 11 0

16.1 Garung 13.8 13.8 0

Lopburi

11.1 Lopburi 137.5 137.5 243

11.2 Prom Tin Tai 21.5 21.5 325

11.3 Tannon Yai 27 27 65

11.4 Kok Samrong 43 43 156

11.5 Dom Marum 42 42 119

11.6 Mai Pai Sali 16.4 16 56

11.7 KS 53 10 10 0

11.8 Tha Kae 70 70 65

12.1 Utapao 15.3 83 506

12.2 28 28 443

12.3 Kitkin 13.2 13.2 356

14.3 80 80 262

14.4 29 29 262

Nakhon Pathom

1.1 Ban Paeng Tuk 768

5.1 Petburi 161 161 0

7.1 556

7.2 Kampaengsang 71 71 300

7.3

Nakhon

Pathom 300 602 456

9.3 1.3 1.3 0

10.1 Ratburi 94 94 400

10.3 Ku Bua 160 160 237

10.4 127 127 643
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APPENDIX—Continued

Numbera Name

Phase 1 site size

(ha)

Phase 2 site size

(km 2)

Associated

lands

Nakhon Sawan

8.5 Sra Gao 25 45 81

8.6 1 1

8.8 Kok Prassat 79 79

8.9 Bra Kam 2.1 2.1 119

8.10 Apaisali 10.2 10.2 94

8.11 36 36 119

Prachinburi

2.1 Ku Muang 4.45 41 444

4.2 Muang Pra Rot 108 108 520

4.3 12 34 56

6.1 Don Lakon 25 25 337

9.1 1381

9.2 Pra Rot 103.7 103.7 506

Suphanburi

13.1 Sragrajom 312

13.2 Utong 73.3 73.3 550

13.3 6 6 143

13.4 88 88 756

13.5 356

13.7 128 128 68

13.8 366 366 386

13.10 4.9 4.9 787

15.1 46 46 294

Uthai Thani

8.2 Muang Bon 8 61 343

8.4 18.7 18.7 138

16.2 14 83

16.3 Ban Kua 39.6 39.6 905

16.4 Ban Dai 84 84 556

a The number system in Supajanya and Vanasin (1983) was preserved in this study to enable the interested

reader to compare this analysis with the original study.
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APPENDIX II: SIZES AND
ASSOCIATED AREAS OF

NON-MOATED DVARAVATI
SETTLEMENTS IN LOPBURI

PROVINCE, THAILAND
(from Mudar 1993)

Site

No.a
Site size

(ha)

Associated lands

(km 2)

KS 29 12.1 235

KS 53 10.0 188

KS 71 .50 136

KS 75 .64 235

KS 92 1.0 115

KS 97 3.3 115

KS 102 2.4 2.5

KS 120 5.5 157

KS 154 .10 314

KS 155 1.4 224

KS 156 5 156

KS 159 .4 186

KS 160 3.7 235

KS 163 2 300

KS 165 2 143

KS 166 1 156

KS 167 2.5 104

KS 168 1 157

KS 169 3.3 188

KS 170 5.6 136

KS 171 3.8 45

KS 172 1.3 104

KS 173 .40 175

a The number system, Kok Samrong Survey, from

Mudar (1993) is retained here.
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