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ABSTRACT

The aim of this dissertation is to examine ways to apply ethnoarchaeological models
to prehistoric archaeological data.

Although there has been a large number of

ethnoarchaeological studies, few have contributed to the interpretation of archaeological
data. This is partially because most ethnoarchaeological studies are not based on welldefined archaeological problems (or patterns in archaeological data to be interpreted), and
fail to control for the conditions on which the ethnoarchaeological models are based. To
overcome

the

problem,

the

present

study

focused

on

selecting

appropriate

ethnoarchaeological models for interpreting well-defined archaeological problems.

Rice

culture areas were selected as the major field of research because in this area the staple rice
and side dishes are strictly differentiated in cooking and serving and because rice cooking
methods are very characteristic and show less variation than other major cereals and side
dishes. Thus, the degree of differentiation between rice and side dishes are comparable
among cultures both ethnographioally and archaeologically.
The present study set forth two major archaeological problems to which
ethnoarchaeological models were to be applied: 1) changes in cooking techniques from
Jomon foragers to Yayoi rice farmers, and 2) the degree of dietary differentiation into the
staple rice and side dishes during the Yayoi period.

By using these ethnoarchaeological

models, the present study demonstrated the following points concerning cooking techniques
in the Jomon and Yayoi periods. First, changes in vessel shape, volume, and wall thickness
from Jomon to Yayoi cooking pots fit the previously documented changes in major
foodstuffs from nuts to rice. Second, the increased degree of morphological differentiation
from Jomon to Yayoi cooking pots indicates greater dietary differentiation into rice and side
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dishes during the Yayoi period. Third, distinctive differences in both vessel shape and
volume of Yayoi cooking pots indicates that side dish cooking methods had begun to
contrast with rice cooking in terms of water level and intensity of heating. These facts
suggest that specialized rice cooking pots were established as the dietary importance of rice
increased.
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CHAPTER 1. INTRODUCTION

AIM OF THE DISSERTATION
The goals of this 4dissertation
ethnoarchaeological

are two-fold; first, to develop

methods

for applying

data to the interpretation of the prehistoric record, and second, to develop the

theory of functional differentiation of cooking pots in the rice-culture area.
Concerning the methodological issue, there are not many studies in which ethnographic
information

is

ethnoarchaeological

effectively

applied

to

interpret

archaeological

data,

though

intensive

field studies of ceramics have been quite popular during the last two decades

(Longacre 1981, 1985; DeBoer and Lathrap 1979; Deal 1983). This is primarily because models
presented in these ethnoarchaeological
assumptions) are met.

studies can hold true only when certain conditions (or

Thus, if some of the critical conditions are not met, these models cannot

successfully explain variation observed in archaeological data. This lack of contextual consideration
has been the major criticism of processual archaeology by post-processual archaeologists (Hodder
1982). The author believes that one way to respond to such criticism is to refine ethnoarchaeological
models by explicitly stating the conditions on which these models are based. In order to clarify the
conditions, it is necessary for the study to be based on clear archaeological problems, as well as to
make cross-cultural comparisons with ethnographic data.

Thus, this dissertation examines both

ethnographic and archaeological data.
One of the theoretical

problems in the application

of ethnoarchaeological

models to

prehistoric data has been that the relationship between ceramic form (including size) and function
varies with cultural context. For example, cooking and storage functions are performed in the same
type of pot in some cultures, while in other cultures the cooking function is differentiated into many
sub-categories, each of which is performed by a specialized pot type. Since idehtifying vessel function
is a fundamental process in techno-functional analyses, broad functional categories (i.e.,one type of

25

pot used for more than one function) and unintended uses have been limitations of inferring vessel
function.

However, in analyses of the functional differentiation

of cooking pots in terms of

production attributes (form and size) and pot-uses, broad functional categories can also be an
important source of information.

The analysis of functional differentiation examines how and why

ceramic assemblages become differentiated (i.e .,a pot type is specialized) or simplified.

It can be

hypothesized that the degree to which cooking pots are specialized or generalized depends on a
balance between the necessity of specialized vessels and their production/maintenance

costs.

Production and maintenance costs of ceramics are affected by resource availability, the technological
level of pot-making, settlement mobility, and so on. And the necessity of a specialized vessel type is
likely to depend on the importance of materials for which the type of pots were used. Thus, the
necessity may well be affected by cooking techniques, and dietary and subsistence patterns.
words, in the analysis of functional differentiation,
maximizing resource utilization.

In other

ceramic vessels are viewed as a means of

Based on this viewpoint, relationships among ceramic production

attributes (form, size, thickness, and so on), pot-making technology, and pot-use behavior (especially
cooking techniques) are examined in this dissertation.
The above approach is applied to a case study: the transition in cooking techniques from
Jomon foragers to Yayoi rice farmers in prehistoric Japan.

The Jomon-Yayoi transition, which

occurred ca. 2300 years ago, was selected for this study because abundant ceramic data of a high
quality are available, and because, in spite of the presence of such good data, very little is known
about the techno-functional aspect of Jomon and Yayoi ceramics.
The rice culture areas, principally eastern and southeast Asian countries, are characterized
by a clear differentiation between the staple rice and side dishes which are dominated by vegetables
and fish. It is generally considered that during the Yayoi period, rice, which was introduced from the
Korean peninsula, became the staple food, and as a result, dietary differentiation between the staple
and side dishes started to develop.

This

dissertation

focuses on the processes of dietary
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differentiation between the staple and the side dish. For this purpose, it is important to reconstruct
prehistoric cooking techniques
archaeological

remains.

(i.e., cooked materials, heating methods, and so on) based on

However,

cooking

techniques

have not

been

studied

very much

archaeologically.
In fact, although many archaeologists have described the Yayoi as a wet-rice farming culture,
the dietary importance of rice during the Yayoi period is still debated (Yanase 198-, Terasawa 198-).
Therefore, it is necessary to develop methods to infer archaeological cooking techniques by using
ethnographic generalizations, use-alteration analysis, experimental studies, as well as botanical analysis.
Archaeological data used to infer cooking techniques include cooking pots, cooking features
(e.g.,hearths, kitchen range, and kitchen utensils), and food remains. In the analysis of cooking pots,
cooking techniques can be inferred from vessel form and size, use-alteration patterns and chemical
residues (e.g..composition of lipids, and isotopic patterns), and technological attributes (such as clay
composition, wall thickness, surface treatments, and firing temperature). This dissertation focuses on
the morphological attributes because they are more directly related to the utilitarian function of the
pots than technological and stylistic attributes.

On the other hand, production attributes are more

affected by production costs, as well as functional efficiencies, than morphological attributes, and thus
more difficult to relate to utilitarian functions without the help of middle-range studies.

THE TRANSITION FROM JOMON FORAGERS

TO YAYOI FARMERS

This dissertation attempts to show temporal changes in the dietary importance of rice,
assuming that as the dietary importance of rice increases, rice cooking is likely to be differentiated
from cooking other meals (i.e., side-dishes composed of vegetables, fish, and meat).

The following

analysis uses ethnoarchaeologically developed models to interpret ceramic functional differentiation.
In order to build ethnoarchaeological

models that can fit the contexts of the target archaeological

data, basic characteristics of the transition in cooking techniques from Jomon foragers to Yayoi rice
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farmers should be described.
It is commonly accepted that the inception of rice farming in Japan was a very rapid process.
This statement is based on the following facts.

First, the earliest rice fields in Japan, located in

northern Kyushu (2300 BC), already exhibited very elaborate rice farming techniques.

Second,

technologically sophisticated wet rice fields were excavated in the northern tip of Honshu (Aomori
prefecture) and they are dated to less than 100 years (probably within several decades) later than the
earliest rice fields in Kyushu.

This suggests that technologies for wet rice farming diffused very

quickly from southwestern Japan to northern Japan (however, rice farming was not introduced to
Hokkaido, the northernmost island and the homeland of Ainu hunter-gatherer-fishers, until the 17th
century). The quick adoption of rice farming throughout the main island suggests that there was not
much trial-and-error in establishing a rice farming economy. As a result of the rapid diffusion of wet
rice farming, dietary patterns are expected to have changed dramatically from Jomon foragers to Yayoi
farmers.
The above dietary changes are likely to have caused morphological and technological changes
in cooking pots. There are several dramatic changes in morphological and technological attributes
of cooking pots from the Jomon to Yayoi period.

First, the frequency of large-sized cooking pots

decreased. Second, the shape of cooking pots changed from a cylindrical body with a wide opening
and a large flat base to a globular body with a constricted neck and a smaller base. Third, vessel walls
became thinner.

Fourth, interior surface treatment changed from polishing to scraping/smoothing.

OUTLINE OF THE DISSERTATION
This dissertation consists of three major parts.
methodological

issues of techno-functional

The first part concerns theoretical and

studies of ceramics discussed in Chapter 2 and 3,

respectively. Part 2 includes ethnoarchaeological models on form-and-function relationships (chapter
5 and 7), on gaps between intended uses and actual uses (chapter 6), and on how to identify actual
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pot uses from use-alteration patterns (chapter 8). Finally, Part 3 applies results of the above chapters
to the transition from Jomon foragers to Yayoi rice farmers (chapter 8).
Chapter 2 concerns theoretical issues in the functional differentiation of ceramic assemblages.
First, in reviewing analyses of ceramic technological attributes, the importance of a techno-functional
view (or a "pots-as-tools" view) is stressed.

Then, techno-functional

analyses using morphological

attributes are examined in terms of the type of variability used in the analyses, in order to characterize
the analysis of functional differentiation.

Finally, theories and ethnographic examples of functional

differentiation of ceramic morphological attributes are presented.
Chapter 3 discuss methodological issues in ceramic ethnoarchaeology.
ethnoarchaeological

First, the necessity of

models is discussed by drawing examples from traditional cooking techniques,

which are defined here as cooking with ceramic pots and firewood. It is argued that characteristics
of traditional cooking techniques are so different from modem ones that it is difficult to interpret
archaeological patterning based solely on the archaeologist’s modern experience. Next, how to build
ethnoarchaeological

models is discussed.

Because form-function

relationships

may vary with

conditions, considering a balance among functional efficiency, durability, and production/maintenance
cost is the key to building a series of models that can cover varied conditions. Finally, how to apply
ethnoarchaeological models to interpret archaeological patterning is discussed by focusing on how to
control the contextual variables. It is argued that in specific problem-oriented research, which is based
on clear archaeological problems, it is important to select appropriate ethnographic samples for
comparison.
In Chapter 4 subsistence patterns, agricultural technologies, and acculturation processes of
the Kalinga are described to understand the changes in their traditional cooking techniques.

Then,

fieldwork procedures and laboratory work procedures of the Kalinga ethnoarchaeological project are
described.
Chapter 5 is a detailed analysis of the Kalinga data.

After fieldwork and laboratory
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procedures of the Kalinga ethnoarchaeological project are described, relationships between cooking
behavior (heating methods, heating time, and cooked materials) and form/size of cooking pots are
examined in detail.

Special attention is paid to the contrast between rice cooking and side dish

(vegetable, meat and fish, or "viand") cooking, as well as between different types of side dishes.
Chapter 6 is about actual pot uses. Intended uses of a type of pot (i.e.,function), which are
inferred from pottery production attributes, are not necessarily identical to actual uses of the pots,
which can be identified through use-alteration

analyses. Thus, when ethnographic

models on

form-and-function relationships are applied to archaeological ceramics, it is necessary to consider such
factors as broad functional categories, anomalous uses, and reuse.

Factors that result in these

unintended pot uses are examined based on the analysis of Kalinga data.
Chapter 7 examines the degree of functional differentiation in vessels. Based on the formfunction relationships of Kalinga cooking pots examined in Chapter 5, the degree of morphological
(i.e.,shape and size) differentiation within cooking pots is compared cross-culturally in the following
ways. First, variations within the rice culture area are examined by comparing Kalinga and Paradijon
cooking pots. This comparison illuminates the factors affecting the degree of differences between rice
cooking pots and side dish cooking pots.

Second, these Filipino rice farmers are compared with

African sorghum, farmers, the Fulani, to see factors that affect differences in cooking pots between
the staple and side dish cooking.

Diet of the African farmers is also characterized by a clear

distinction between the staple (sorghum or millet) and side dishes. Finally, the above three groups
are compared with Puebloan corn farmers to examine the effect of dietary differentiation between the
staple and the side dishes.

Unlike the Asian rice farmers and African sorghum/millet farmers,

Puebloan com farmers process their major food (com) in more than one way (i.e.,flour and grains),
and as a result do not show a clear distinction between staple cooking and side dish cooking. Based
on the three sets of comparison, models on the differentiation of cooking pots are presented.
Chapter 8 addresses the identification of actual pot uses in archaeological context. Because
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it is impossible, or at least very difficult, to assess the function of archaeological ceramics based solely
on morphological attributes, an inferred function should be tested against evidence of actual uses.
Use-alteration patterns, as well as the contexts of excavated pots, cooking facilities and installations,
are the best evidence of actual pot uses. Relationships between cooking behavior and use alteration
patterns

are demonstrated

by correlating

use-alteration

patterns

of Kalinga rice pots

and

vegetable/meat pots with their use patterns.
Chapter 9 presents a case study that applies the above-mentioned ethnoarchaeological models.
Results of ethnoarchaeological studies conducted in the previous chapters are applied to Jomon and
Yayoi pottery to determine the degree of functional differentiation.
importance

of rice is reflected not only in characteristic

The hypothesis that the dietary

cooking methods

but also in the

differentiation between rice cooking pots and side dish cooking pots is be tested against archaeological
ceramics in the central and northern parts of Japan.

’•i
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CHAPTER 2. THEORY OF FUNCTIONAL DIFFERENTIATION

OF COOKING POTS

This chapter examines aims, methods, and theories in ceramic techno-functional analysis using
morphological attributes. First, after the aims of ceramic analysis are outlined, relationships between
the aim of a study and ceramic attributes selected for the study are examined. The importance of a
techno-functional

approach (or a "pot-as-tools" approach) is emphasized.

Then, various kinds of

ceramic morphological analyses are reviewed, and the importance of the concept of "functional
differentiation" is examined. Finally, a theory of functional differentiation is proposed, and illustrated
by ethnographic case studies.

AIMS OF CERAMIC ANALYSIS
Ceramic attributes

can be classified into morphological, technological, and decorative

attributes. Morphological attributes include form, size, and thickness, while technological ones include
clay/temper composition, surface treatment, porosity/permeability, and so on. Decorative attributes
consist of various kinds of surface decoration, projections, and so on. It is necessary to be aware that
there is some ambiguity in this typology. For example, some technological attributes, such as surface
treatment (e.g.,slip), can be decorative.
Based on Rathje and Schiffer’s typology of artifact function (Rathje and Schiffer 1982), the
aims of ceramic analyses can be classified as techno-functional, socio-functional, and ideo-functional.
In techno-functional

analysis, ceramics are viewed as an adaptation to the environment.

Schiffer

presented a comprehensive framework which focused on a balance among production/maintenance
costs, functional efficiency, and durability (Schiffer 1992).

Many techno-functional

analyses of

archaeological ceramics appeared in early 1980s (e.g.,Braun 1983; Hally 1983,1986; Mills 1984,1989;
Reid 1984,1989; Schiffer 1989; Skibo, Schiffer and Reid 1989; Smith 1988; Steponaitis 1983; Vandiver
1987, 1988). Because functional efficiency, durability, and production/maintenance

costs of ceramic
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attributes can be formulated based on ecological or physical principles, techno-functional analyses can
take greater

advantage

of ethnoarchaeology

and experimental

archaeology

than

socio- and

ideo-functional analyses. Thus, it is no coincidence that the emergence of techno-functional analyses
of ceramics was followed by a florescence of ceramic ethnoarchaeology and experimental archaeology
(e.g., Arnold 1985; Aronson et al. 1991, 1994; Kramer 1985; Mills 1985, Rice 1987; Rye 1981; Skibo
1992; Smith 1983,1985; Bronitsky and Hamer 1986; Reid 1984; Schiffer 1988,1990,1992; Schiffer and
Skibo 1987, 1988,1989; Schiffer et al. 1994; Skibo and Schiffer 1987; Skibo, Schiffer, and Reid 1989,
Vaz Pinto et al. 1987; Young and Stone 1990).
The socio-functional analysis of ceramics aims at examining the degree of interactions between
and/or within groups of people based on similarities and differences in ceramic attributes.

Inter-site

or inter-regional variability in ceramic attributes have been intensively studied in order to infer
interactions, migrations, and

genealogical relationships

"between" groups of people.

Analyses

pursuing interactions "within" a group of people (i.e.,intra-settlement variations) are best represented
by the "ceramic sociology," advocated by Hill, Longacre, and Deetz as the beginning of new
archaeological studies of ceramics (Hill 1970; Longacre 1970; Deetz 1965). Marxist archaeology,
which views ceramics as a reflection of class-struggles, also seeks social relations between classes
within a group of people (McGuire 1992).
Ideo-functional analysis aims at inferring the symbolic meaning of ceramic attributes. So far,
attributes used in ideo-functional analyses are limited to decorative ones, either decorative motifs
themselves or their structure.

For example, structures of decorative bands were interpreted

as

reflections of the potter’s worldview (Arnold 1983), potters’ conception of territorial conflicts - i.e.,
the degree of boundary-making (Hodder 1982), and potters’ conception of social stability (Pollock
1983). In the analysis of individual motifs, snake or viper motifs on Middle Jomon pottery were
interpreted to have symbolized abundant harvests of plant resources, because these animals have a
high level of reproductivity and because, like most plants, they appear on the ground in spring
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(Kobayashi 1979). Because these animal motifs appeared only in central Japan during the Middle
Jomon period, in which settlement size and artifact density were much larger, and the number of
cultivating lithic tools was much higher than the following periods or other areas of the contemporary
period, some scholars hypothesized that these animal motifs may be related to incipient agriculture
(Fujimori 1970).
Ideo-functional

analyses, which also concern

socio-political

systems, differ from the

socio-functional ones in that the latter focus on apparent similarities and/or differences observed in
ceramic attributes, whereas the former do not. In the above example, snakes or vipers are interpreted
to have had some symbolic meaning, regardless of whether they were expressed by incising, painting,
or applique techniques.

In contrast, socio-functional analyses of these animal motifs would examine

inter-regional variations in decorative techniques or animals’ shape, in order to demonstrate the origin
and diffusion processes of the belief.
Attributes selected in a form-function study vary with its aim. So far, the analyses of ceramic
morphological, technological, and decorative attributes have mostly had socio-functional aims. Until
1980, instead of examining the shape and size of pots in relation to pot uses or production costs,
analyses of morphological attributes focused on their similarities and/or differences between regions
or between different time periods in order to demonstrate diffusion processes and cultural affiliations.
Thus, vessel functions were rarely of concern, except for a general distinction between cooking, storage
and serving, based on morphological attributes. One problem in these socio-functional analyses is that
similarities and differences of pot shape are also affected by functional convergence.

For example,

the neck constriction of cooking jars becomes tighter as the volume of a pot increases. This is at least
partially because the function of pots varies with their size even within the same shape category (Flog
1980). Therefore, in order to examine spatial or temporal variation in pot shapes, it is necessary to
control pot volume.
Technological attributes have also been examined mainly from socio-functional viewpoints:
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pot provenance studies based on temper/clay composition (e.g.,Bishop et al. 1982; Crown 1981), and
cultural affiliations based on temper composition, surface treatment (slips), and/or firing atmosphere
constitute the majority of technological analyses. It was after Braun (1983) advocated the study of
"pots as tools" that the techno-functional analysis of morphological and technological attributes started
developing. It should be noted that this development, especially of technological attributes, has been
achieved with the aid of experimental archaeology (e.g.,Schiffer 1989,1990a, 1990b, 1992; Schiffer et
al. 1993; Schiffer and Skibo 1987,1989; Skibo and Schiffer 1987;Bronitsky 1986; Bronitsky and Hamer
1986; Mabry et al. 1988; Neupert 1993; Reid 1990; Arnold 1985; Longacre 1992; Rice 1987; Skibo,
Schiffer and Reid 1989; Steponaitis 1983; Vaz Pinto et al. 1987; Young and Stone 1990). However,
there are few studies in which the results of experimental archaeology and ethnoarchaeology were
successfully applied to archaeological data (e.g., Braun 1983; Schiffer and Skibo 1987; Reid 1989;
Steponaitis 1983; Neupert 1993; Arnold 1985). This is because, as Schiffer et al. (1994:197) suggest,
"the findings of experimental archaeology, expressed as correlates, can be employed in explanations
of prehistoric technological changes, but only when embedded in more inclusive correlate theories and
coupled with the requisite contextual information."

There is the same problem in ceramic

ethnoarchaeology; although there are abundant ethnographic data on pot-making technology, very
little analysis has been placed on ascertaining inter-relationships between technological attributes. For
example, selection in the amount and kind of temper may be related to a vessel wall-building method,
kneading method, surface treatment, and so on.

Thus, in order to apply ethnographic data to

reconstructing prehistoric pot-making technology, it is necessary first to understand the configuration
of various technological attributes (clay selection, temper inclusion, kneading, wall building, surface
treatment, decoration, and firing) in the total pot-making system. Temporal and/or spatial variation
in some technological attributes may be due to a difference in the way parts are configurated,
depending production costs (Schiffer and Skibo 1987).

35

TECHNO-FUNCTIONAL
Techno-functional

STUDIES OF CERAMIC MORPHOLOGICAL

ATTRIBUTES

analyses (abbreviated to "functional analyses" in the following unless

specially noted) using ceramic morphological attributes can be classified by the level of variability
examined and the aim of the analysis.

Techno-functional

studies have two types of aim; one is

inferring vessel uses and the other is analyzing the relationships between vessel uses and production
techniques. The former includes (a) the analysis of assemblages to infer settlement function, and (b)
that of vessel size variation to estimate settlement function or group size, whereas the latter includes
(c) the analysis of morphological variation to illuminate relationships between production techniques
and vessel uses, and (d) that of the functional differentiation of a ceramic assemblage.

Assemblage Variability
The relative frequencies (or .the presence/ absence) of certain types of pots in a ceramic
assemblage have often used to infer a settlement’s function.

Functions assigned for pottery types

include such generalized behavior as cooking, storage, or serving, which can be relatively easily
inferred from vessel shapes.

Ethnographic studies have suggested that, since cooking, storage, and

serving are by far the most common functional categories for ceramic pots, the classification of these
three functions can safely be applied to archaeological assemblages regardless of time and space (e.g.,
Thompson 1958; Henrickson and McDonald 1983; Fontana et al. 1962; Rice 1987). Ethnographic
studies also demonstrated fairly constant relationships between vessel shapes and the basic functions:
storage pots, serving pots, and cooking pots tend to take the shape of necked jars, bowls, and
wide-mouthed jars, respectively. A storage pot needs a constricted neck because of limited access to
its contents and a globular body to maximize storage space (Smith 1983). A serving pot needs a wide
opening in order to maximize access to its contents, and usually has a lower height because the
contents served can exceed the pot’s height, and a cooking pot tends to have a shape intermediate
between serving and storage pots because it has an intermediate degree of access to its contents.
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Variability in a ceramic assemblage, as well as in the number of pots, has often been used to
infer room functions in large prehistoric pueblo sites in the Southwest.

For example, rooms with

many necked jars and/or wide-mouthed jars are usually considered storage rooms. However, as Tani
(1991) pointed out, ceramics have not contributed much to inferences of room function, because
structures and features can be better indicators of room function than ceramic assemblages, and
because the archaeological assemblage of a room may not reflect an assemblage once in use due to
various formation processes (Schiffer 1987).
Inferring site functions from ceramic assemblages has been more successful than inferring
room functions. For example, Braun, in the analysis of 19 pueblo sites, classified rim sherds into 42
functional types in terms of various measurements and ratios which, based on ethnographic models
of form-function relationships, represent "frequency of access" and "containment security" (Braun
1980). The functions of the sites, such as permanent sites, seasonal sites, resource procurement sites,
and temporary camps, were then inferred based on relative frequencies of the sherd types.
Henrickson and McDonald (1983), one of the first studies in which ethnoarchaeological
models were applied to the interpretation

of archaeological ceramics, inferred site functions from

ceramic assemblages. Models of form-and-function relationships were built based on cross-cultural
similarities observed in the ethnographic sample.

Examination of two archaeological assemblages

from two sites disclosed that the functions of these sites, which were inferred from site size, features,
and artifact density, were correlated with behaviors inferred from their ceramic assemblages.

For

example, the Early Sarab site, which was inferred to be a seasonally occupied site by special task
groups, had a smaller number of vessel forms than the Mound C site, which was inferred to be a small
hamlet. Large jars, postulated for long-term storage, were present only in the latter site.
Tani (1991) used form assemblages to test his "water fetching trail hypothesis" to explain a
long, narrow distribution of ceramic sherds. The hypothesis was supported by the fact that ceramics
found along the long, narrow trail were almost exclusively necked jars. These studies of assemblage
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variability have the following characteristics. First, since these studies aim at estimating the function
of a site or location based on the frequency of a certain vessel type, attribute variability within the
vessel type is not considered.

It is assumed that a pot type has a homogeneous

function.

For

example, a high frequency of necked jars (storage jars) is usually considered as evidence of a storage
place in intra-settlement analyses (e.g.,H ill 1970; Ciolek-Torrello 1978; Reid and Whittlesey 1982),
or a permanent site (or a base camp) in inter-settlement

analyses (e.g., Shapiro 1984; Braun 1980;

Henrickson and McDonald 1983; Plog 1980). Second, the relations of vessel uses to pot production
are not considered.

Studies of Vessel Use Based on Size Variability
Vessel volume can be an indicator of household size (Turner and Lofgren 1966; Shapiro
1984) , context of pot uses (everyday uses vs. ceremonial uses; Turner and Lofgren 1966; Longacre
1985) , and cooking techniques.
Turner and Lofgren (1966) estimated household size by using the ratio of cooking jar volume
to food- serving bowl volume. It was assumed that a mean volume of food serving bowls reflects the
amount of food consumed per person.

Cooking pots (wide-mouthed jars) over eight liters were

excluded from the calculation because they were considered as not everyday cooking pots but as
ceremonial pots. Since the ratio increased through time, they concluded that household size increased
from Pueblo II period to Pueblo IV.

Observing bimodal distributions in pot volume, they also

examined temporal changes in the frequency of ceremonial cooking jars and food serving bowls.
Based on the fact that increased frequencies of large-sized cooking jars (over eight liters) coincide with
the emergence of kivas after AD 900, they hypothesized that the increase in the frequency of
large-sized vessels, which were used for ceremonial purposes, resulted from the increased importance
of communal eating associated with kiva rituals.
Although their theoretical

framework is solid, their analysis of archaeological ceramics

38

suffered from a critical sampling problem.

In estimating household size, jars over eight liters were

excluded as non-everyday uses because the mean volume of cooking pots for each period showed
bimodal distributions with a cut-off point at eight liters. However, since pots in their sample were
from museum collections which came from many sites, these pots are unlikely to represent ceramic
assemblages in use. Museum collections tend to be biased in favor of small size, because large sized
pots are much less intact or restorable than small ones.

An analysis of Grasshopper (Pueblo IV

period) and Chodistaas (Pueblo III period) ceramic assemblages, which are obviously closer to
use-assemblages than museum collections, showed that cooking pots between 10 and 20 liters were
too abundant to have been used only for non-everyday cooking (see chapter 5). Thus, the cut-off
point between everyday pots and ceremonial pots would have been much larger if they had used more
complete ceramic assemblages. In addition, in the interpretation of temporal variation in pot volume,
functional factors such as cooking techniques (see chapter 5) and pot-transportation

costs (i.e.,

possessing large pots becomes less costly as people becomes less mobile) should also be considered
as well as household size.
Shapiro (1984) examined relations of vessel size and form with site permanence, and found
that site permanence, estimated from architectural features, was positively correlated with the relative
frequency and size of jars, while the inferred relative size of group (i.e., household size) was positively
correlated to the size of serving bowls. However, although his analysis was based on the assumption
that large-sized jars were used primarily for food storage, these jars could have been used for water
storage, too.
These studies have the following characteristics.

First, in order to infer site function

(permanence), they use morphological (volume) variability within a pottery type, whereas the analysis
of inter-assemblage

variability concerns relative frequency of various types within a ceramic

assemblage. Second, like the formal analyses of assemblage variability, these studies focus on vessel
uses, but relationships

between morphological and/ or physical features of the vessels are not
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examined. In other words, adaptive advantages of ceramic attributes are not examined.

Studies of Vessel Use and Production Based on Morphological Variability
Variations in shape within a pottery type, including neck constriction and the base shape of
cooking pots, have been used to infer changes in cooking techniques.

Braun (1983) and Kawanishi

(1982) demonstrated that temporal changes in cooking pots’ shape and wall thickness were intended
to increase heating efficiencies, and thus reflected an adaptation of pot-making techniques to the
increased dietary importance of domesticated plants (com and rice, respectively). These studies differ
from the above two types of research in that they concern the relationships of vessel shape with vessel
uses; these studies aim to clarify the meaning of technological changes in relation to the vessel’s use
behavior.
The last type of research (d), the analysis of functional differentiation, concerns both
assemblage variability and intra-type variability (i.e., attribute variability), and aims at relationships
between vessel shape and vessel uses. This analysis is discussed in detail in the next section.

FUNCTIONAL DIFFERENTIATION

Conceptual Framework
Functional differentiation means the degree to which a type of pot specializes in one function,
and the degree to which the total assemblage is differentiated.

In other words, when a type of pot in

a ceramic assemblage becomes specialized in a narrow range of functions, the overall assemblage
becomes more functionally differentiated, whereas when a type of pot is used for a broad range of
functions, the overall assemblage becomes less functionally differentiated (or simplified).
There are abundant

ethnographic

examples of broad (or undifferentiated)

functional

categories (Rice 1986:295). For example, there are many vessels described as "cooking/storage pots"
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in Be, Cameroon and Meapec, Mexico (ibid:295). In the Be case, these pots are used to ferment
sorghum with heat to make a sorghum drink, as well as to store the drink (David and Henning 1972).
Navajo "large pots" and "cooking pots" were used for dyeing and washing, as well as for their major
function of cooking (Hill 1937, Tschopik 1941). Although it is often difficult even in ethnographic
examples to distinguish pots used for their intended functions from those employed for a wide range
of uses as a result of reuse or unintended uses, the latter usually have other vessels (including
non-ceramic ones) which can substitute for that function. The Navajo may be a case of the former
because they did not have any other type of vessels for dyeing and washing. Although these pots with
multiple functions may cause problems in classifying ethnographic pots and inferring functions of
archaeological pots, it is not a limitation but one of the important sources of information for
examining functional differentiation.
Whether a type of pot is specialized or generalized depends on a balance between needs for
specialized pots for certain functions and the production/maintenance

costs of the pots. When the

needs surmount the costs, the ceramic assemblage becomes more differentiated.

The necessity of

specialized pots is determined by the importance of the materials for which the pots become
specialized.

For example, it is hypothesized that as the dietary importance of rice increases, the

necessity of specialized rice cooking pots also increases. It eventually gives a rise to the differentiation
of cooking pots into side dish cooking pots and rice cooking pots.
Thus, the dietary importance of rice can be estimated from cooking techniques (qualitative
aspect) and the frequency of rice cooking (quantitative aspect; i.e. how many times rice is cooked in
one day). Concerning cooking techniques, whether rice is cooked alone or cooked with other food
can be an indicator of rice’s relative dietary importance. In the rice culture areas, staple rice is cooked
and served without mixing with other food, and applying no seasoning, while outside the rice culture
area, rice is often cooked and served with vegetables, meat and seasonings, such as pilaf, rice porridge
and buttered rice (Ishige 1983). However, it is not uncommon in the rice culture area to cook rice
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with other grains, such as wheat, barley, and millet, or with potatoes, when a sufficient amount of rice
for a family meal is not available.
In terms of the degree of differentiation between rice and side dish, rice cooking methods can
be classified into (a) rice alone, (b) rice mixed with other grains (or potatoes) as substitutes, (c) rice
mixed with non-grain food, such as vegetable, fish and meat, making gruel or mush-like dish a
complete meal (without other side-dish), and (d) rice mixed with non-grain food to make a side dish
accompanied by an other staple. In the rice culture area, the first three constitute staple food, and
thus their occurrence can be used as a measure for the dietary importance of rice.

Thus, it is

hypothesized that as the dietary importance of rice increases, the frequency of rice cooked with other
food decreases, and the need for specialized rice cooking pots increases.
Concerning the frequency of rice cooking, it is likely that when rice is not cooked frequently,
rice can be cooked in side-dish cooking pots, and therefore, there is not a strong need for specialized
rice cooking pots. In this case, a type of pot is used sometimes for cooking side dish and other times
for rice cooking.

As will be discussed in the analysis of Kalinga cooking techniques, performance

characteristics required for specialized rice cooking pots are different from those required for side dish
cooking pots. Thus, it is hypothesized that as the frequency of rice cooking increases, the need for
specialized rice cooking pots increases.
The differentiation of a ceramic assemblage entails costs to produce and maintain the new
types of pots. In production, an increase in the number of pottery types requires a wider variety of
pottery-making technologies.

Even when making specialized pots does not require new technology,

potters have to take more production steps to make a wider variety of pots. Concerning maintenance
costs, assemblage differentiation is likely to lead to possessing a larger number of pots. As a result,
transportation costs increase for less sedentary peoples.

Several ethnographic examples show that

mobile foragers carry ceramic cooking pots when they shift their residence seasonally. For example,
the Western Mono carried both large and small cooking pots in their residential move (Gayton 1948).
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Among the Andaman islanders "remnants of a Jorwa camp [temporary camp] including pottery and
bones of animals etc. were found" (Guha 1953:6). Seri women carry large baskets on their heads
which were filled with belongings including cooking ollas and scraps of cloth (David 1965). The
Northern Ute made one or two holes near a pot’s rim so that a buck skin thong could be used to
carry the pot in travelling. "It was hung from the saddle or the women would put the thong over her
shoulders and let it hang in back" (Smith 1974:87). Finally, the Blackfoot carried clay cooking vessels
by horseback: "pottery was encased in laced rawhide containers and secured on top of a horse pack
for protection during travelling" (Ewers 1945:56). Thus, although some mobile groups are reported
to have left their pots when they move their settlement (Tani 1991:109, e.g.,Tarahumara), they also
need to reduce the number of pots in order to reduce maintenance and transportation costs. This may
be one of the reasons that mobile hunter-gatherers

tend to have less differentiated

ceramic

assemblages; even when they need specialized pots for certain uses, their needs may not justify the
anticipated increase in transportation costs. Therefore, the costs of functional differentiation seem
to be affected by such factors as the number of pots possessed, residential mobility, and the number
of production steps needed for new types of pot.
Two conditions are necessary for assemblage differentiation to develop.

First, a newly

introduced use should require different performance characteristics than the formerly dominant use.
For example, even when a domesticated vegetable increased its dietary importance over traditional
wild plant foods, differentiation

in cooking pots would not develop if there are no distinctive

differences in cooking techniques between them.

Thus, dietary differentiation does not necessarily

lead to assemblage differentiation. In this sense, the increase in the dietary importance of rice is likely
to have resulted in the production of pots specialized in rice cooking, because the heating method of
rice cooking is generally different from cooking other vegetables, fish or meat.
introduced

use should coexist with traditional

Second, a newly

uses, rather than replacing them.

Otherwise,

morphological and technological changes, such as neck constriction, body shape and volume, are
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expected in the pottery type, instead of differentiation. However, differentiation within a pottery type
often develops together with morphological and technological changes in the overall types.

Methodological Considerations
Since morphological differentiation can also occur without being associated with changes in
pot uses, it is necessary to distinguish "functional" differentiation from (a) volume differentiation
associated with production standardization (for cost reduction), and (b) stylistic variation.
First, as potters become more specialized in pottery-making, the shape and size of their
products tend to be standardized (Rice 1984; Longacre et al. 1988).

As a result, morphological

variability is usually reduced. At the same time continuous, undifferentiated

volume distribution

patterns are often replaced by more differentiated patterns with several distinctive modes or clusters.
The purpose of the standardization is to meet consumers’ demands as well as to reduce production
costs (Rice

1984).

Concerning

consumer demands, the overall volume standardization

(i.e.,

differentiation into fixed size classes) tends to make it easier for consumers to choose appropriate
sized vessels depending on their needs; it costs more for consumers to find a vessel of appropriate size
for their family when vessels are continuous in size. Potters can also reduce production costs (time
investment) by standardizing their motor habits.
Second, variation in some morphological attributes within a pottery type may not be related
to differences in utilitarian function.

For example, cooking pots (wide-mouth jars) excavated from

a Yayoi site often consist of more than one style, each of which is considered to have originated in
and diffused from a different region. These styles usually differ in body curvature, rim angle, surface
treatment, neck constriction, volume, rim decoration, and so on. Thus, these regional styles may
represent a mixture of stylistic and functional (utilitarian function) variations.

When these styles

differ in volume or neck constriction, they are likely to have been used differently.
In sum, the degree of differentiation of cooking pot size is affected by such factors as cooking
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technique, use contexts (everyday or ceremonial), household size, and the degree of pottery-making
specialization.
Studies on functional differentiation
identifying subtypes as established
distinctiveness

of a bimodal

entities.

distribution

concern the degree of differentiation

rather than

In measuring the degree of differentiation,
of attributes

(e.g., volume,

relative

height

the
and

neck-constriction) is often employed (Turner and Lofgren 1966; Kobayashi 1989; Bams 1986).
The degree of functional differentiation can be examined at various morphological levels;
differentiation between basic functional types (i.e., cooking, storage and food serving) and that
between sub-types within a basic functional type. The latter is more difficult to study than the former
because inferring functional differences of sub-types often requires ethnoarchaeological
experimental models on form-function relationships.

and/or

On the other hand, basic types of cooking,

storage, and serving pots can be distinguished by using empirical generalizations or correlates because
relationships of these functions and pot shapes are relatively simple. One of the major reasons why
functional

differentiation

ethnoarchaeological

within

a basic type has

rarely been

examined

is that

building

and experimental models is still ongoing.

ETHNOGRAPHIC

ANALYSIS OF ASSEMBLAGE VARIABILITY
IN RICE CULTURE AREA

In order to examine the factors that produce functional

differentiation

in a pottery

assemblage, assemblage variability in 46 ethnographic pottery-making groups is examined. The sample
was selected by using the following criteria. First, rice farmers in the rice culture area were selected.
The rice culture area, defined as areas in which rice is the most important cereal, includes east and
southeast Asian countries.

However, northern China and India, where wheat, barley or millet are

more important in the diet than rice, are not included.

There are no pottery-making ethnographic

examples available in Japan, Korea, and China (except for Yunnan province), because metal vessels
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and porcelain jars several centuries ago completely replaced ceramic cooking and storage pots,
respectively.

Second, pottery-making

groups using kilns are excluded because

the present

ethnographic study is designed for the interpretation of the prehistoric Jomon and Yayoi pots, which
were open fired without using kilns (Kuze et al. 1994). Finally, pottery-making groups producing
neither cooking pots nor storage pots (i.e.,those producing only serving pots or non-traditional forms)
are excluded.
These groups are all basically rice farmers (Figure 2.1, Table 2.1). The unit of description
for most of the 46 pottery-making groups is a village, rather than an ethnic group. Thus, sometimes
more than one group (or village) was selected from an ethnic group when there are differences in
pottery-making technology (i.e., Manroku, Mansin, and Manto villages of the Thai, Dangtalan and
Balatok of the Kalinga, and villages with male potters and those with female potters in Ifugao). Basic
pottery types consist of cooking pots (roasting pots and water-heating pots are excluded), storage jars,
serving bowls, and non-traditional pots (Figure 2.2). Cooking pots take the form of wide-mouth jars,
except for one case (Pultan, Java) in which cooking pots are, like our modem metal pots, of shallow
cylindrical form with a flat base. Reasons for the exceptional shape are unknown because information
on cooking techniques is not available for this case.

Non-traditional pots, including flower vase,

flower pots, stoves, and so on, were relatively recently introduced.

The following facts are observed

in Table 2.1.
Cooking pots are present in 37 out of 39 cases in which complete assemblages are known.
Cooking pots were not reported in Pric-chitrop, Cambodia, and Manto village, Yunnan, China. These
two cases, in which pot-making is relatively highly specialized, are likely to have abandoned making
cooking pots as metal cooking pots replaced them. Thus, it can be said that cooking pots are by far
the most common type in the rice culture area.
Storage jars, reported in 34 cases, are the second most common type. Most storage jars are
in fact water jars. Interestingly, dry storage, including grain storage, is rarely reported. This is probably
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because rice grains are usually stored in a granary. Ceramic assemblages lacking storage (water) jars
are mostly either in higher latitude areas (Itobayat, Hainan, Batan) or represent specialized pot
making of groups near large cities where faucet water and refrigerators are available (Paradijon, the
Tagalog). Ceramic water jars have an advantage over plastic or porcelain water vessels in that water
inside can be kept cool because of the vessel’s highly permeable, walls. Thus, it is hypothesized that
the necessity of a ceramic water jar is higher in hot and/or dry areas, in which cold drinking water is
highly appreciated, while their necessity declines as faucet water and refrigerators become available
(see Arnold 1985). Unlike ceramic cooking pots which are being replaced by metal cooking pots in
many part of the world, ceramic water jars are unlikely to be replaced by industrial vessels especially
in hot and/or dry environments.
Serving bowls, reported in only four cases in the Basi Straight area (Batan, Itobayat, and
Yami) and Thailand (Hankeo), are much less common than cooking pots and water jars, and are
always associated with cooking pots and/or water jars. There are two reasons that ceramic serving
bowls are lacking in the Philippines. First, traditional food serving bowls are mostly wooden, either
in curved wooden bowls or coconut shells. Secondly, because the Philippines received more Western
influences of material culture than other Southeast Asian countries, metal plates became more
common during the last several decades. For example, the Kalinga abandoned making and using large
wooden bowls for serving rice by the early 1970s, and most of them were reused as pot-making stands.
In sum, traditional

ceramic assemblages in the rice culture areas are dominated by a

combination of cooking pots and water jars. Although ceramic cooking pots are being replaced by
metal ones, water jar production is likely to survive longer, especially in low-latitude areas.

The

Western influences, such as the prevalence of metal cooking pots and plates, are observed more
distinctively in the Philippines than in continental Southeast Asia.

\
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F igure 2.1

Figure 2 .1
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?(Q : cooking pots are present, although the whole assemblage i s not known

** ricevian:

d ifferentiation between rice and vegetable/neat/fish cooking pots

Ceramic v e s s e l

22

bowl
None
None
None
None
Nope
None
tampad(for water/salt)
None
None
Salt storage pot
None
bowl(nontrad
None
None
None
None
None
None
None
None
None
None
?
None
None
None
salt pot(nontrad)
None
None
?
7
wide-mouth jar(store dye None
None.
None
small storage jar
drinking bow
drinking bow
small storage jar
None
None

Table 2 . L b

drystore

1

50
F igure 2 .2 .a

Figure 2.2

Cooking pots and water jars of Southeast Asian rice farmers
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Figure .2 .2

Cooking p o ts and water ja r s in Southeast Asian r ic e farm ers

1. Vegetable/m eat coking pot (kurek), PULTAN (No.3 in Table 2 .1 , Figure 2 .1 )
2 . Round based sa u te in g pan (ruming), PULTAN
3 . Water h eatin g pot ( t o to o r e ), PULTAN
4 . Water ja r and/or flow er pot (sempe), PULTAN
5 . Large water j a r (tempayan), PULTAN
6 . R ice cookin p ot (kulon), SEBUANQ (No.6-8)
7 ,8 . V egetable/m eat cooking pot (dabahan), SEBUANQ
9 . Cooking pot (co ro n ), SEBUANQ
10. Water ja r , DARG(No.9)
11. Cooking pot (koron), DARO
12. R ice cooking pot (k u lon ), ILONGO (N o.10,11,13)
13. V egetable/m eat cooking pot (dabahan), ILONGO
14. im ita tio n o f metal cooking p ot (c a ld e r o ), ILONGO

•

15. Cooking p o t, BUHID (N o.18)
16. Buhid cooking method (th e upper pot i s used a s a cover)
1 7 ,1 8 . Cooking p ot (co ro n ), PARADIJON (No.19)
1 9 ,2 0 . Cooking p o t, BICOL (No.2 0 ,2 1 )
2 1 ,2 2 . Cooking p o t, TINGUIAN
23. R ice cooking pot (itto y o m ), KALINGA (No.27)
24. V egetable/m eat cooking pot (oppaya), KALINGA
2 5 . Cooking p o t, ATOL (No.32)
26. Water ja r , MANTO (No.40)
27. F la t based cooking p o t, MANROKU (No.41)
28. Round based cookin p o t, MANROKU

(

29. Serving bowl, MANROKU
30. Tea-making p o t, MANROKU

Figure 2.2

Cooking pots and water jars of Southeast Asian rice farmers
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ASSEMBLAGE VARIABILITY AMONG WESTERN U.S. SOCIETIES
Ceramic assemblages of hunter-gatherers and farmers in the western U.S. (mainly California
and the Southwest) are examined and compared with the Southeast Asian rice farmers. A sample of
37 ethnic groups was selected (Figure 2.3, Table 2.2). Unlike rice culture areas, each ethnic group
is represented by a single case. Thus, variability within an ethnic group remains to be examined.
Based on HRAF data (HRAF 1967) subsistence patterns are expressed in relative frequencies of
hunting, gathering, fishing, and agriculture, and settlement mobility is classified into sedentary,
semi-sedentary, semi-nomadic, and nomadic.

As noted, pots are categorized into cooking, food

serving, and storage. Ceramic assemblages of Western U.S. hunter-gatherer

and farmers have the

following characteristics.
First, as in Southeast Asia cooking pots are by far the most common pottery type. Cooking
pots are present in all groups that have ceramic vessels (Table 2.3). Thus, the ceramic assemblage
is categorized into four types: (1) cooking pots only, (2) cooking pots with serving bowls, (3) cooking
pots with storage vessels, and (4) cooking pots with storage and food serving vessels (Table 2.3).
Second, unlike the rice farmers, there is only one case of the third assemblage type. Thus,
the importance of ceramic food serving bowls is higher in the Western U.S. than in Southeast rice
farmers. This is probably due to a limited availability of wood resources for wooden serving (eating)
bowls in the drier environments of the Western U.S.
Third, the four assemblage types are strongly correlated with residential mobility and major
subsistence (Table 2.3). Residential mobility decreases from assemblage type (1) through type (2) and
(3) to type (4). In other words, the ceramic assemblage becomes more diverse as residential mobility
decreases.
assemblages.

Most Western

U.S. groups whose main subsistence is agriculture have type (4)

Thus, in both the Western U.S. and Southeast Asian rice farmers, storage vessels are

a critical element of the assemblage as well as cooking pots.
Fourth, the fact that nomadic hunter-gatherers in the dry environments of California lacked
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Figure 2.3

Ceramic assemblage of North American native groups

T able 2 .2

1
1
2
3
4

5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

GROUP
W
GROSVENTRE
SAULTEAUX
MICMAC
SANPOIL
E .M O N O
CHEMEHUEVAI
KAIBAB
YAVAPAI
APACHE
ARAPAHO
INGALIK
NUNAMIUT
SARCEE
BLACKFOOT
F.YQKUTS
W .M O N O
S.UTE
TUBATUTABAL
NAVAJO
HAVASPAI
CAMILLA
LUISENO
DIEGUENO
N.UTE
SERI
KILIWA
WALAPAI
KAMIA
COCOPA
MOHAVE
TARAHUMARA
PAPAGO
HOPI
ZUNI
PIMA
MARICOPA
YUMA

Assemblage type:

1:
2:
3:
4:

Residential mobility:

* *
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2B
2
2
26
3
4A
4A
4A
4A
4A
4A
4B
4A
4A
4A
4B
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4A
4A
4A
4A
4B

Cooking
Cooking
Cooking
Cooking

B
S

s
s
s
s
s
s
s
s
s
s
B
B

s
s
s
s
T
T
S
S
S
S
S
S

s
T
T
T
T
T
V
V

H
H
H
F
G
G
G
G
H
H
F
H
H
H
G
G
H
G
A
A
G
G
G
H
F
G
G

280
244
15 4
325
541
640
730
640
34003
280
145
172
280
280
430
532
343
532
21034
32005
640
622
541
343
226
433
640

11035
32005

A
A
A
A
A
A
A

V

V
V

21205

y

SssMt
P+RAWHIDE
P
P,BASK,WOO
P.BASK
P.BASK
P* B A S K
P,BASK
P.BASK
P
P,RAWHIDE

'

P,BASK
P,BASK
P,BASK
P» B A S K
P
P.BASK
P,BASK
P.BASK
P.BASK
P.BASK
P.BASK

P
P
P
P
P
P
P

REFERENCE
K r o e b e r 1908
S k i n n e r 1912
W a l l i s & W a l l i s 1955
Ray 1936
S t e w a r d 1933
L a i r d 1976
K e l l y 1964
K h e r a S M a r i e l l a 1983

AREA
PLAINS
PLAINS
SUBARCTIC
NW COAST
G.BASIN
G.BASIN
G.BASIN
Southwest
Southwest
PLAINS
SUBARCTIC
SUBARCTIC
PLAINS
PLAINS
G.BASIN
G.BASIN
Southwest
G.BASIN
Southwest
Southwest
S.CAL
S.CAL
S.CAL
Southwest
S.CAL
S.CAL
Southwest
Southwest
Southwest
Southwest
Southwest
Southwest
Southwest
Southwest
Southwest
Southwest
Southwest

Kroeber

1902

S a p i r 1923
Wis s l e r 1910
G a y t o n 1929
Gayton 1929
Lowle 1924
V o e g U n 1938
HILL 1 9 3 7 . tschop1kl941
K r o e b e r 1925
K r o e b e r 1925
Kroeber 1925
Smith 1974
Bowen & Moser
Kroeber

1968

1935

K e l l y 1977
K r o e b e r & H a n e r 1955
P a s t r o n 1979
F o n t a n a e t a l .1 9 6 2
Adams 1979
B u n z e l 1929

Sapir

1933

pots only
pots and serving bowls
pots and storage pots
pots, serving bowls, and storage pots

B: nomadic;

S: semi-nomadic; T: semi-sedentary;

V: sedentary (HRAF 1967)

Subsistence : Relative frequencies of fiv e subsistence a c tiv itie s: gathering, hunting, fishing,
animal husbandry, and agriculture (HRAF 1967).
Major subsistence: G: gathering;
Nonceramic cooking pots:

H: hunting;

P: ceramic only;

Table 2.2

F: fishing;

A: agriculture.

Bask: cooking baskets;

Wood: wooden v essels

Ceramic assemblage of North American Native Groups

( 2)

( 1)

Assemblage type
Residential
m obility

Major
subsistnce

Monadic
Semi nomadic
Semi sedentary
Sedentary
Hunting
Gathering
Fishing
Agriculture
unknown

Total

Table 2 .3

cooking only

cooking+serving

(3)
cooking+storage

(4)

1

2

11

4

0
0

1
0

6

3
3

0

1

0

5

0

0
1

0
1

12

7

4

2

0
0
1
0

Relationships between assemblage type and subsistence/m obility

0
7
5
5

1
7
3
17
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(water) storage jars can be explained by the necessity of reducing vessel transportation costs that may
outweigh the necessity for specialized water storage jars.

On the other hand, for sedentary com

farmers in the dry environments of the U.S. Southwest, storage (water) jars are as important as for
rice farmers.
Finally, many mobile hunter-gatherers in California, who used cooking baskets with boiling
stones, lacked ceramic cooking pots. The presence of ceramic cooking pots is negatively correlated
with residential mobility.

FUNCTIONAL DIFFERENTIATION

WITHIN A POTTERY TYPE

IN RICE CULTURE AREA
Cooking pots can be functionally differentiated in terms of (1) the context of cooking, (2) the
distinction between staple (rice) cooking and side dish cooking, and (3) the kind of side-dish (for
example, between fish and vegetables).

Ethnographic examples for each level of differentiation are

furnished.

Differentiation in terms of Cooking Context
Ethnographic

studies of farmers suggest that when cooking jars or serving bowls are

differentiated into size classes within a shape, large-sized pots tend to be for ceremonial or fiesta uses,
whereas regular sized pots are for everyday cooking and serving (Rice 1986; Turner & Lofgren 1966;
Smith 1983; Kobayashi 1989). This is simply because ceremonial pots are usually used to cook and
serve meals for a large number of people. In the rice culture area, this differentiation is reported in
Kalinga and Buhid cooking pots. In Kalinga cooking pots, everyday cooking pots and ceremonial
cooking pots are clearly differentiated, showing a bimodal volume distribution (see Chapter 5).
Paradijon cooking pots also show a clear case of volume differentiation between large and regular
sizes (see Chapter 6).

Since the Kalinga and Paradijon are the only cases in which quantitative
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volume data are available, it is likely that in the rice culture area, a similar case of size differentiation
was in fact present in many other ethnographic cases in which size classes were not mentioned in their
reports.
When the above ethnographic tendency is applied to archaeological ceramics, it should be
noted that large-sized ceremonial cooking pots are much less frequently used than everyday cooking
pots, and therefore, have much longer use-lives (David 1972; Longacre 1985; Rice 1986; Tani and
Longacre n.d.). Thus, the relative frequency of ceremonial cooking pots in an archaeological refuse
assemblage must be much lower than in their use context. For example, although a relatively clear size
differentiation between greater and less than eight liters is observed in cooking pots both in the Latest
Jomon period in eastern Japan and in corrugated jars (cooking pots) in Pueblo III and IV periods,
large-sized cooking pots that measure

between eight and 20 liters are unlikely to have been

specialized for ceremonial cooking because they are too abundant to have had only ceremonial uses.
Instead, "LL"-sizedcooking pots with a volume over 20 liters may be used for non-everyday ceremonial
cooking.

Thus, it is necessary to consider the relative frequencies in the assemblage to interpret

archaeological size
differentiation.

Differentiation between Cooking Pots and Liquid Heating Pots
In the rice culture area, cooking pots sometimes include roasting pots, rice steaming pots, and
water heating pots, as well as rice cooking pots and side-dish cooking pots. Water heating pots are
reported in Canramos, Tiwi (the Philippines), Yami (Taiwan), and Pultan (Indonesia), suggesting a
wide distribution in spite of their low frequencies in the assemblages.

In Pultan, the only case in

which their shape is illustrated, the water heating pots are similar in shape to water storage jars.
Among Jomon and Yayoi pots, long-necked jars in the Late Yayoi period are a possible
candidate for liquid-heating pots. During the Late Yayoi period, cooking pots and storage jars were
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very markedly differentiated in terms of shape and technological attributes; cooking jars have a less
constricted neck, thinner wall, rougher (unpolished)

exterior surface, and a higher frequency of

large-particle sand temper than storage jars. Interestingly, all of these functionally critical attributes
of long-necked jars show intermediate

characteristics

between cooking jars and storage jars.

Furthermore, most of these long-necked jars have exterior sooting, but lack interior carbon deposits,
suggesting that they were used to heat a liquid like water.
In addition, during the Middle Yayoi period, until the long-necked jars appeared, regular
necked jars sometimes have exterior sooting, which is considered to result from unintended uses.
However, during the Late Yayoi period, after the long-necked jars appeared, these regular necked jars
have sooting much less frequently than during the Middle Yayoi period. Thus, it is hypothesized that
an increased importance of liquid heating resulted in the emergence of long-neck jars, which were
specialized for liquid heating.

Differentiation of Cooking Pots between Rice and Side Dish Cooking
Cooking techniques in the rice culture area are characterized by a clear differentiation
between rice and side dish. In each cooking event, rice and the side dish (dominated by beans,
potatoes and fish) are cooked in different pots. Because the heating method for rice is distinctive
from any side dish cooking, it is very likely that rice cooking pots and side-dish cooking pots are
differentiated in the rice culture area. In the ethnographic pot-making cases of the rice culture area,
the differentiation in terms of shape and size of ceramic cooking pots into rice cooking and side dish
cooking is observed in 16 out of 24 (66.6%) reported cases.
On the other hand, there is no such differentiation in eight cases, probably because of two
reasons. First, since the undifferentiated cases are mostly located near cities, it is inferred that in the
undifferentiated cases metal cooking pots have replaced rice cooking pots, and that ceramic pots are
mostly for side-dish cooking. The reason that metal pots replace ceramic rice pots, but not side-dish
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pots, is discussed in chapter 4.
Second, in some undifferentiated cases, the heating method of side dishes is similar to rice
cooking. For example, in Paradijon, fish, the most important foodstuff for side dish, is cooked, they
are placed into a ceramic pot up to its neck and heated intensively for a relatively short time with
little water.

Because this fish cooking method is similar to rice cooking in that stirring is not

necessary and the pot is heated intensively with little water in it, there is no necessity to differentiate
rice pots and side dish pots in terms of form (a constricted neck is preferable due to infrequent
stirring) and thickness (high heat conductivity is required). Relationships between Paradijon cooking
pots and their cooking method are discussed in more detail in Chapter 7.

Differentiation of Side Dish Cooking Pots in terms of Food Type
Cases of differentiation within side dish cooking pots are reported in Uyugan, Yami, and
Pantigan, Java. Since the former two groups, located in the Basi Straight area, were studied in the
1940/50s and in the 1960/70$, temporal changes of cooking techniques and ceramic assemblages can
be observed (Kano 1941). In the 1940/50s, side dish cooking pots in the Uyugan included tuber
cooking pots, vegetable/ meat cooking pots, and fish cooking pots, and the Yami’s side dish cooking
pots were composed of tuber cooking pots, millet cooking pots, fish cooking pots, meat cooking pots,
and water heating pots. Yami’s water heating pots were also used to cook pregnancy food. However,
in the 1960/70s this differentiation became ambiguous and might have disappeared.

This is at least

partially because of a decline in the household basis of pot-making, in which potters could make vessel
types for their own needs. Intrusion of metal cooking pots may be another reason.
One of the reasons that functional differentiation in side dish cooking pots is uncommon in
the rice culture area is that cooking techniques for side dishes, dominated by boiling, are relatively
similar to each other, thus making the differentiation unnecessary.
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SUMMARY
Techno-functional analyses of ceramics, or studies of "pots as tools," began to develop only
recently. This is mainly because advantages of traditional technology, which are often beyond the
archaeologist’s experience, are difficult to understand without middle-range models derived from
ethnoarchaeology

and experimental

archaeology.

However, since techno-functional

aspects of

ceramics, i.e .,a balance between functional efficiency, durability, and production/ maintenance costs,
can be explained by physical and ecological principles, techno-functional

studies can obtain more

benefits from ethnoarchaeology and experimental archaeology than socio- and ideo-functional studies.
Thus, it is not by accident that the appearance of ceramic techno-functional analyses was accompanied
by a florescence of ceramic ethnoarchaeology and experimental archaeology in the 1980s.
However,
ethnoarchaeology
ceramics.

there

are

few ceramic

studies

in which middle-range

models

built

by

and experimental archaeology have been successfully applied to archaeological

This is because these middle-range models do not consider contextual variations and

because, in case of techno-functional

studies of morphological attributes, theoretical frameworks

remain to be fully developed. The contextual variation is discussed in chapter 3. A s a first step for
building theoretical frameworks, this chapter has examined the types of morphological variability in
techno-functional studies of ceramics in order to clarify the concept of "functional differentiation."
Analyses of functional differentiation differ from previous studies of ceramic morphology in the
following points.
First, previous studies of ceramic morphological attributes examined ceramic variability at the
assemblage level or at the attribute level, but not both.

In contrast, the analysis of functional

differentiation examines relationships between pottery types as well as attribute variability within a
pottery type.
Second, in the studies that estimate site function or household size from vessel assemblages
or size composition, inferences are based on the assumption that a pottery type has a single function.
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Thus, broad functional categories (or multiple pot uses such as the "storage/ cooking" category) and
unintended uses are regarded as a limitation to inferring settlement function or household size. In
contrast, functional differentiation is related to both variation within a pottery type and variation
between pottery types.

Instead of assuming that a pottery type has a single function, studies of

functional differentiation focus on variations in function (or uses) within a pottery type. Thus, broad
functional uses and unintended

uses are not a limitation but, rather, an important

source of

information.
Third, the analysis of functional differentiation focuses on the relationships of pot morphology
and physical features with pot uses. In other word, "how pots are differentiated in morphological and
technological attributes" and "how these pottery types are differentiated in their use behavior" are
interrelated.
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CHAPTER 3. METHODOLOGICAL

ISSUES IN ETHNOARCHAEOLOGICAL

FORM-FUNCTION

STUDIES ON

RELATIONSHIPS

Inferences of vessel function from morphological attributes consist of two methodological
parts; first, to examine performance characteristics

and production/ maintenance

costs for each

attribute, and then to infer vessel functions (or uses) by examining interrelations between performance
characteristics and the costs of manufacturing various attributes (Schiffer 1992). The first part, socalled "middle-range research" (Binford 1977), takes four steps: 1) to categorize pot use behavior, 2)
to select appropriate morphological variables to be observed, 3) to examine correlations between the
use categories and the morphological attributes through inter- and/or intra-cultural comparisons, and
4) to examine conditions on which these correlates are based. The second part is to apply a series
of models (or hypotheses) built in the first part to archaeological ceramics in order to infer functions
of the ceramics by controlling contextual conditions.
In this chapter, first, the necessity of ethnoarchaeological

models is argued. Then, how to

build ethnoarchaeological models is discussed in terms of methods of comparison, classification of use
behavior,

and

actual

ethnoarchaeological

correlations

between

form

and

function.

Finally,

how

to

apply

models to archaeological data is discussed in terms of methods of model

application and contextual variations in form-function relationships. The importance of a well defined
archaeological problem and of controlling contextual variation is stressed.

NECESSITY OF ETHNOGRAPHIC

MODELS

When archaeologists infer the function of an artifact from patterns in observable traces,
consciously or unconsciously, they employ their experience in the interpretation.
small, thin, triangular-shaped

For example, a

lithic tool with a sharply-pointed end is usually identified as an

arrow-head, and is used as solid evidence of a "bow-and-arrow" technology, even though neither bows
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nor arrow shafts have been discovered. Although some of these tools could have been intended as
a harpoon head, spearhead, blowgun dart, or something else, archaeologists relate them to a bow
because they have a rich knowledge about modem or historical arrowheads, which have basically the
same characteristics as the archaeological counterparts.

On the other hand, when archaeologists are

not familiar with traditional techniques, for example, traditional cooking with ceramic cooking pots
and firewood, they may often fail to identify the functional advantages of the traditional ceramic
cooking pots and be unable to infer their functions. Thus, it is useful to borrow precious knowledge
from those who are making and using ceramic cooking pots in order to build a series of models for
interpreting archaeological patterns. Archaeological models are defined here as statements of causal
relationships between material patterns and human behavior, which hold true whenever certain
conditions are met (see Binford 1968, Schiffer 1976). Middle range studies (Binford 1977), including
ethnoarchaeology and experimental archaeology, can help organize what archaeologists traditionally
have interpreted archaeological data without solid empirical evidence. In this sense, insofar as an
ethnoarchaeological
ethnographic

study starts with archaeologically observed patterns

samples,

interpretations

based

on

ethnoarchaeological

and properly-selected
models

can

improve

interpretations based only on archaeologists’ empirical knowledge.
To

demonstrate

that

understanding

archaeologists’ experience, characteristics

traditional

of traditional

technologies

is

cooking techniques

sometimes

beyond

are examined.

In

comparison with modern cooking techniques, which are defined as those which use non-ceramic
(mostly metal) cooking pots and non-firewood fuels, traditional cooking techniques have the following
advantages.
First, ceramic vessels have a lower heat conductivity and a higher heat retention capability
than metal pots. In Japan, modern uses of ceramic cooking pots are limited to "oden" (Japanese style
hotchpotch pot), rice porridge, rice gruels, and "nikomi-udon" (slowly, cooked udon noodle), all of
which are characterized by prolonged heating with a relatively small flame. "Oden" and "nikomi-udon"
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are eaten while being heated.

These ceramic pots, usually large and bowl-shaped, have a thick wall

to improve the heat retention capability.

Thus, compared with metal pots, ceramic pots are more

suitable for a prolonged, gradual heating because high heat retention is more behaviorally relevant
than high heat conductivity. On the other hand, the ceramic pots are less suitable for brief, intensive
heating, because such a cooking technique requires higher heat conductivity.

High heat retention

capability is also advantageous when the intensity of flames is not stable, as often occurs in heating
with firewood. Even when flames periodically become weak, a ceramic pot does not cool down as
quickly as a metal pot.
Second, coals, as well as flames, can be used in heating with firewood. Even after flames of
firewood become weak, the hot coals covering the lower exterior body can heat the pot gradually but
intensively. Cooking experiments using firewood and ceramic pots suggest that a pot in which a stew
was cooked maintained a boiling-over stage for over 30 minutes when surrounded solely by hot coals
(Kobayashi 1992).
Third, since flames of firewood are generally larger than those of gas or coals, a pot can be
heated from the sides as well as from the base. This may be advantageous when the water level is
high (up to the vessel’s neck).

Cooking pots generally become shallower as fuel changes from

firewood to gas or coals perhaps because of this reason.
Fourth, due to their higher porosity, ceramic cooking pots can hold the fragrance of a food
even after washing, and impart a better taste to their contents in successive cooking episodes. The
higher porosity of ceramic vessels also retains carbon deposits and sooting as evidence of cooking
methods.

In contrast, on a smooth, non-porous metal surface, carbon deposits and sooting can be

removed by washing.
As explained in detail in Chapter 4, the author learned these advantages of traditional
cooking techniques from Kalinga housewives, who use ceramic pots and firewood every day. It has
generally been assumed that ceramic pots are inferior to metal cooking pots. However, reality is not
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so simple. Although ceramic pots are less durable than metal pots, they have many advantages in
cooking efficiency and cost, especially when they are heated in traditional ways, used for traditional
food materials, and obtained in traditional, self-sufficient economic settings.

TYPES OF CROSS-CULTURAL

COMPARISONS

Yellen (1977) classified methods of building ethnoarchaeological. models into a "general model
approach" and a "laboratory approach based on controlled comparison." The former attempts to find
cross-cultural regularities by comparing many ethnic groups. The latter seeks causal relationships
between material culture and human behavior through cross-cultural comparisons. The latter focuses
on cross-cultural differences as well as regularities in order to find causal ties, while the former seeks
regularities based on empirical generalizations beyond cultural contexts. Thus, Yellen’s classification
is based on the presence/ absence of causal ties and whether a study focuses on regularities or
differences. In this section, a modified version of Yellen’s classification, which focuses on the unit
of comparison, is proposed.
In terms of the unit of comparison and the kind of variability examined, ethnoarchaeological
studies on vessel form-and-function relationships can be classified into three types; the first is a
multiple-culture sampling approach, which seeks cross-cultural regularities based on a single sample
unit which is a mixture of many cultures (Henrickson and McDonald 1983; Smith 1983, 1985). The
second is "cross-cultural comparisons," in which regularities are drawn from a number of case studies
(Rice 1987; Kramer 1985; Hally 1986; based on such studies as David 1971; David and Hennig 1972;
DeBoer and Lathrap

1979; Fontana

et al. 1962; Longacre

1981).

The third is "controlled

comparisons," in which intra-cultural variability within a pot type is examined as well as inter-cultural
variability. Sampling methods, the kind of variability examined (inter-cultural or intra-cultural; related
to the degree of considering cultural contexts), methods of comparison (focus on cross-cultural
similarities or differences), and analytical methods (quantitative or qualitative) are examined in each
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Multiple-Culture Sampling Approach
This approach aims at either testing existing untested hypotheses against ethnoarchaeological
data (Smith 1983, 1985) or discovering regularities (Henrickson and McDonald 1983), and concerns
general models that hold true beyond cultural contexts. Smith states that morphological correlates
of use behavior should be deducible from fundamental processes or laws that have always conditioned
the behavior of people with simple artifacts (Smith 1985:256).
The unit of comparison is ceramics, with known functions, collected from many cultures. In
these pots, correlations between morphological attributes and use categories are examined by using
quantitative methods, such as mean values (Henrickson and McDonald 1983) or a discriminant
analysis (Smith 1985). The ceramic sample consists of vessels from many ethnic groups because it is
necessary to have a large number of pots adequate for statistical analyses. In the statistical analyses,
morphological attributes are represented

as ratios (e.g., an elongation factor is measured by the

height-to-maximum diameter ratio), absolute values (e.g.,volume, weight, and wall thickness), and the
presence/absence of parts (e.g., presence of handles and a cover). Thus, it is necessary to take these
measurements from illustrations of whole pots. Since the number of vessels whose use behavior is
recorded and whose illustrations are available is limited in most ethnographic sources, each ethnic
group is often represented by only a small sample of pots. For example, Smith’s (1985) analysis is
based on a composite pot sample from six American Southwestern groups, because discriminant
analyses require over 50 pots in each category to make the results reliable (ibid:280).

Because

correlations between form and function are calculated using ceramic vessels from many different
groups, and cultural contexts are not considered, this approach has a few problems.
First, cut-off points to separate pot types are likely to vary with cultures.

For example, in

almost all cultures storage pots tend to have a more constricted neck than cooking pots and serving
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pots (ibid:300), and absolute values of neck constriction (e.g.,the neck diameter-to-maximum body
diameter ratio) of storage pots could vary culturally. Thus, it is possible that cooking pots of some
cultures have a more constricted neck than storage pots of other cultures.
Second, the effects of production technologies cannot be detected in this approach.

Smith,

for example, compiled 29 hypotheses (morphological correlates of use behavior) from a range of
literature (ibid:270-279). Although these correlates seem useful when certain conditions are met,
production costs (technological factors) and durability are not included in the hypotheses. For
example, he shows that the constriction of a vessel is the most important variable for distinguishing
vessel functions.

This variable, however, is also likely to be influenced by the degree of interior

surface treatment. Except for a water cooler, vessels for storing liquid often need to have a well
polished interior surface in order to reduce permeability, unless a resin coating is applied on the
surface (Schiffer 1990). Since the interior surface cannot be polished when the orifice or neck is too
narrow, a long-term liquid storage jar needs an orifice of a minimal size.
Because of these limitations, some important variability remains to be explained.

For

example, both Smith (1983) and Henrickson and McDonald (1983) found that cooking pots are not
distinct from other categories, such as dry storage, liquid storage, and transported liquid, because of
their much greater morphological variation. Smith (1983) mentioned that this large variability may
be because (a) the use category is ill-defined, (b) functional constraints on size and shape of cooking
vessels are minimal, or (c) crucial morphological constraints are not monitored by variables of this
study (Smith 1983:304). However, contrary to his second and third explanations, the large variability
may well suggest that crucial morphological constraints vary with cultures or conditions. For example,
as is shown in Chapter 5 and 6, when heating methods (placed over the flames or on the fire) and the
kind of heating (simmering, fast-and-intensive boiling, steaming) are controlled, many regularities are
found in the shape of cooking pots.
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Cross-Cultural Comparisons
In this approach, after relationships between form and function are examined in each culture,
cross-cultural regularities in these relationships are extracted as correlates. The unit of analysis is the
type of pottery in each culture.

Inter-cultural variability, but not intra-cultural variability within a

pottery type, in form-and-function relationships is examined.

Vessel illustrations are not essential

because these relationships (e.g.,cooking pots have a wider neck than storage pots) can be stated in
relative terms without quantitative data. When information on how and why potters and pottery users
distinguish one vessel type from another is available, causal relationships between form and function
can be presented.
There are two limitations to this approach.

First, there are not many ethnographic studies

in which form-function relationships are documented.

Second, the range of formal variation for a

functional category cannot be compared cross-culturally, and it is difficult to show the degree of
functional differentiation in detail.

Studies of form-function relationships using this approach

have found that the shape of pottery used for the same function can sometimes vary culturally,
depending on specific use behavior within a general use category, resource availability, settlement
mobility, and so on. For example, Rice (1987:240) suggested that, although cooking pots are expected
to be deep in order to conserve heat, some cooking pots have a dish-like shape with a low wall and
wide, flat base when they are used for simmering and when set on the fire.

It is clear that

considerations of contextual variation require more intensive analyses of internal variation within a
culture.

Controlled Comparisons
This approach, the most ideal and commendable, seeks cross-cultural differences as well as
similarities by examining both inter- and intra-cultural variabilityTn form-and-function relationships.
In order to control contextual variability, it. is necessary to examine intra- cultural variability within
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the unit of comparison.

For example, when morphological differences between cooking pots and

storage pots are examined cross-culturally, it is necessary to examine morphological variation in each
culture and to explain why in some cultures cooking pots are differentiated.

Although cooking pots

tend to have a less constricted neck than storage jars because access to the contents (through stirring,
pouring and so on) is more important for cooking pots than for storage jars, some cooking pots have
a more constricted neck than storage jars in the rice culture area. Analyses of intra-cultural variation
within cooking pots reveals that some cooking techniques, e.g.,rice cooking, do not require stirring
and thus, do not need cooking pots with a wide neck (Kobayashi 1994). Therefore, this exceptional
case also supports the hypothesized relationship

between morphological

attributes

(e.g., neck

constriction) and performance characteristics (e.g.,ease of access to the contents).
To compare pot shape between different ethnic groups, ethnographic samples need to contain
many illustrations for each functional category to permit assessment of the extent that the illustrated
pot samples represent each functional type. Therefore, the problem of limited data availability is
more serious than that in the above approaches.

There has been no case study of this approach so

far because of the stated limitations.
This approach ideally takes the following steps; first, examine morphological variation within
a basic pot type in each culture: second, compare the morphological attributes of each equivalent
sub-type of pottery between cultures: finally, compare the degree of morphological variability (or
degree of functional variation within a pot type) between two cultures. Form-function relationships
of modern food serving bowls in the rice culture area are analyzed using these procedures.

Form-and-Function Relationships in Modern Food Serving Bowls in The Rice Culture Area
In the rice culture area, food serving bowls are often differentiated into rice serving bowls and
soup serving bowls, because rice, the staple, is usually cooked and served without being mixed with
other food. Soup is one of three important components of a complete meal in this area along with
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the staple rice and side dish (mostly vegetable, fish or meat). Thus, first, intra-cultural variability in
rice and soup serving bowls is examined separately in modern Japan and Korea. Then, inter-cultural
variability between Japan and Korea in these serving bowls is examined to strengthen inferences
derived from the first analysis. Finally, the degree of differentiation between rice serving bowls and
soup serving bowls is compared between Japan and Korea.

Japanese Serving Bowls
Japanese rice serving bowls and soup serving bowls differ in shape and material in the
following ways.
1. Rice serving bowls are porcelain, whereas soup serving bowls are made of wood with a
lacquer coating. Compared to porcelain serving bowls, wooden ones are more resistant to breakage,
lighter (thus, easy to lift), and lower in heat conductivity. Thus, the above difference is explained as
follows. First, low heat conductivity is preferable for soup serving bowls because they are often hotter
than rice serving bowls when held in the hand. Soup serving bowls become hotter than rice serving
bowls because the surface area which is in contact with the hot contents is larger with liquid (soup)
than grains (rice). Second, the smoother and harder surface of porcelain is more suitable for serving
rice in that sticky rice grains can be more easily washed off. Finally, soup serving bowls are always
lifted directly to the mouth for sipping, whereas rice serving bowls are sometimes lifted only halfway
to the mouth.
2. Rice serving bowls have a reversed-conical body with a straighter wall than soup serving
bowls, which are semi-spherical in shape with a more curved wall. Thus, when maximum diameter and
height are equal, soup serving bowls have a larger capacity than rice serving bowls. There are three
reasons for this difference.

First, a curved wall can more effectively prevent spilling of soup than a

straight wall. Second, the necessity of maximizing pot volume is greater in soup serving bowls than
in rice serving bowls because soup should be filled up to at most a few centimeters below the rim, and
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because soup is usually served only once. In contrast, rice serving bowls do not have to maximize
their volume, because rice is usually served over the rim height, and because to serve a second (refill)
is common for rice. Third, a straight wall is more suitable for scraping and picking up rice grains
sticking
on the wall by using chopsticks.
3. Lids are usually not used for either bowls in a household meal. However, in restaurants,
lids are often used only for soup serving bowls because of two reasons.

First, as mentioned above,

rice serving bowls, usually served above the rim height, cannot accept a lid. Second, soup serving
bowls have a greater need for lids because soup cools down faster than rice.
4. Both rice serving bowls and soup serving bowls have a low foot on the base. This is because
both bowls are held by a hand and raised when their contents are consumed. Thus, it is necessary for
the base to retard heat conduction by having a stand. The presence of the stand also promotes ease
of picking up.
These factors suggest that rice serving bowls and soup serving bowls are differentiated in
shape and material because different performance characteristics are required in each bowl type;
retarding heat transfer, preventing spills, and maximizing volume are required in soup serving bowls,
while the ease of scraping rice with chopsticks is preferred for rice serving bowls. It should be noted
that these performance characteristics are all related to Japanese basic eating behaviors; the use of
chopsticks and raising food serving bowls from the table.

Korean Rice Serving Bowls
As a second step, Korean food serving bowls and eating behavior are compared with the
Japanese. Korean eating behaviors differ from the Japanese in the following ways (Figure 3.1). First,
in Korea metal spoons are used for eating rice, side dishes, and soup. Chopsticks are used only for
picking up pickles and fish-meat.

Second, due to the first custom, Korean serving bowls are never
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raised from the table. On the other hand, in Japan, without using spoons, soup serving bowls should
be raised up to the mouth. Rice serving bowls are also raised up to halfway to the mouth, because
rice grains cannot easily be transferred a long distance by chopsticks without falling between the two
sticks.

Third, in Korea, all dishes are served at once, traditionally on a raised (footed) tray, and no

refills are served. These eating behaviors are related to differences in shape and material of food
serving bowls in the following ways.
1. Korean food serving bowls are not differentiated into rice and soup either in shape, size,
or material. Since serving bowls are never raised from the table, such performance characteristics as
retarding heat transfer, preventing spills, ease of lifting, and scraping rice grains with chopsticks are
not behaviorally relevant. Maximizing vessel volume is not important in Korean serving bowls because
they are substantially larger than Japanese counterparts.

Thus, there is no need for rice serving bowls

and soup serving bowls to be differentiated.
2. Korean serving bowls are made of either brass (called tubal) or porcelain (sabaru).
Porcelain serving bowls (sabaru) are much thicker and heavier than Japanese porcelain rice serving
bowls. Brass serving bowls (tubal) are also heavier and higher in heat conductivity than Japanese rice
serving bowls and soup serving bowls. This is because such performance characteristics as retarding
heat transfer and ease of holding (in terms of weight) are not important for Korean serving bowls,
which are not raised or held by the hand.
3. Korean serving bowls are much larger than Japanese serving bowls. This is also because
weight reduction is not necessary in Korean serving bowls, which are not raised.
4. Korean serving bowls have a larger base than Japanese serving bowls, and lack stands on
the base. This is because it is not necessary to insert fingers under the vessel for raising the vessel.
5. Korean serving bowls, regardless of material, do not have body decorations, whereas most
Japanese rice serving bowls have painted decorations on their external walls. However, Korean lids,
mostly made of brass, often have incised decorations on their top. Thus, in both cultures, decorations

sc a le = 1:1

Figure 3.1

Illu str a tio n s of a Japanese soup bowl (to p ), a Japanese rice bowl (middle),
and a Korean metal r ice bowl (bottom)
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tend to be placed in the areas of high visibility; in Japanese serving bowls body decorations are highly
visible when the bowl is raised. In Korean serving bowls, decoration on the top of cover has much
higher visibility than the sides.
These facts suggest that inter-cultural variability in vessel morphology and technology between
Japanese food serving bowls and Korean ones can be explained by the same factors that are
responsible for intra-cultural variability between Japanese rice and soup serving bowls. These factors,
including eating utensils (spoons or chopsticks), raising bowls from the table, and the amount of food,
are also responsible for inter-cultural variation in the degrees of functional differentiation between
rice bowls and soup bowls. Thus, in the study of form-and-function relationships,

it is effective to

integrate intra-cultural variability (between Japanese rice and soup bowls), inter-cultural variability,
and the degree of functional differentiation between rice bowls and soup bowls, in order to strengthen
the hypotheses.

CLASSIFICATION OF POT USE BEHAVIOR
Because there are several ways to conceive vessel function and because the range of behavior
assigned to a type of pottery also varies between ethnic groups, ways of categorizing functions (or
uses) vary with cultural contexts and research designs.

When form-function relationships

are

examined by using a world-wide ethnographic or archaeological sample, the classification of use
behavior should be applicable to a wide range of cultures. On the other hand, when variation within
a functional category (e.g .,a type of cooking pots) is examined, or when morphological variation is
examined in a limited geographic area, the classification of use behavior is more context-specific.
Thus, in this section, the categorization of pot use behavior is discussed at the basic functional level
and subdivision of the basic functional types.

Basic Functional Categories
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Classifications intended to be applied to a wide range of temporal and spatial contexts are
presented by Rice (1987:209) and Smith (1985). Rice (1987: 209) classified "types of vessel use" into
three basic categories (storage, processing and transfer), and then subdivided each category in terms
of the length of storage (into short term storage and long term storage), the presence or absence of
heating (roughly into cooking and non-cooking), and the distance of movement (into carrying and
serving) respectively. In contrast, Smith’s (1985) typology of pot use behavior consists of cooking, dry
storage, wet storage, food processing, food serving, individual consumption, liquid transport, and
washing. These two typologies differ in that Rice employed a multiple-level classification, while Smith
gave equal weight to each of eight categories.

Smith also divided the "food serving" category into

"(communal) food serving" and "individual consumption."

In this dissertation, pot use behavior is

classified into three basic categories; cooking, storage (including carrying), and food serving (including
food processing without heating).

The reasons for this classification are as follows. To distinguish

the cooking function from the food processing (without heating) function is advantageous for two
reasons.

First, use of heat is an important criterion in that thermal shock resistance and heating

efficiency are major concerns in designing cooking pots. As a result, ethnographic data show that
food processing was often done in bowls, which are also used for food serving and eating (Smith
1985). Second, cooking pots are easily identifiable in archaeological ceramics based on the presence/
absence of carbon deposits, while processing pots and serving pots are difficult to distinguish in terms
of use-alteration patterns.
Dry storage pots and wet storage pots are not distinguished in many cultures (e.g.,Pueblo
Indians). The dry storage function, especially of cereals and nuts, is often inferred for baskets or
granaries.

This is because dry storage pots need not water-proof, and because ceramic vessels are

heavy and fragile.
The storage function and carrying function are lumped in this classification, because storage
(as noted, dominated by liquid storage) and carrying (also dominated by liquid carrying) are often
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done with the same pots unless the pots are carried a long distance at high frequencies (such as
long-distance trade). There are only a few ethnographic cases in which liquid storage jars and liquid
carrying jars are clearly differentiated (e.g.,the Papago). Instead, in many ethnographic cases, there
are either "liquid storage pots" which are also used for liquid carrying, or "liquid carrying pots" which
are also used for liquid storage. For example, in the rice culture area, storage jars are mostly used
for water storage and, to a lesser degree, water fetching (Kobayashi 1994).

However, in a dry

environment (e.g.,Andes) in which water availability is much more limited, specialized water carrying
jars and water fetching jars are used (Arnold 1985).
Communal serving vessels and individual consumption vessels are not distinguished in many
cultures. In fact, whether food is taken from individual bowls (or plates) or communal bowls (plates)
is a matter of eating customs and varies with cultures.
In sum, three basic functional categories of cooking, storage, and serving are employed in this
dissertation because there is a general tendency in ethnographic data to classify pots in that way, and
because in archaeological data cooking pots are clearly distinguishable from storage or serving vessels
due to carbon deposits.

Subtypes within a Basic Functional Category
Subdivisions of each basic functional category vary with research areas and research designs.
In a study aiming at inferring the importance

of ceremonial activity, cooking function can be

subdivided in terms of use contexts into ceremonial uses (which often use large-sized pots) and
everyday uses (which tend to use small/ regular sized pots)(Shapiro 1984; Turner and Lofgren 1966).
On the other hand, in a study estimating the dietary importance of a staple cereal, the cooking
function may well be subdivided in terms of heating methods.

For example, ways of heating can be

broken down in several different ways: (a) the amount of water used (e.g.,parching/sauteing, steaming,
and boiling), (b) the degree of contact with water (e.g., steaming versus boiling), (c) amount of oil
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used (e.g. roasting, sauteing, or frying), or (d) ways of setting a cooking pot (e.g.,on the fire, in the
fire, or on a kitchen grill).

PERFORMANCE

CHARACTERISTICS

OF MORPHOLOGICAL

ETHNOARCHAEOLOGICAL

ATTRIBUTES:

MODELS

Function of a ceramic vessel is inferred, not directly from its morphological features, but from
types of functional efficiencies which are obtained through morphological (as well as technological)
attributes.

Thus, in inferring vessel function, it is necessary to understand

the performance

characteristics of each morphological attribute.
One

attribute

may have

several performance

characteristics

and

one

performance

characteristics can be obtained through a variety of attributes (Schiffer and Skibo 1987). It should
be noted that a negative feature in one performance characteristic may be a positive in another
performance characteristic. For example, a low heat conductivity is appreciated as high heat retention
capability when a food should be cooked gradually for a long time.
sometimes required for a high cooling efficiency.

And, a high permeability is

Thus, it is necessary to examine relationships

between morphological attributes and performance characteristics for each functional category.
Smith (1985) selected nine morphological attributes; volume, the ratio of mouth to maximum
diameter (restriction ratio), relative access factor, orifice diameter, elongation factor, flame/ coal
heating factor (base shape), relative center of gravity height, and support factor. This classification
seems redundant; relative access factor and orifice diameter, an indicator of access, can be included
within the restriction ratio. In this dissertation, volume (size factor), restriction ratio, elongation factor
(representing general body shape), base shape (flame/ coal heating factor and support stability factor)
are examined. Ethnoarchaeological studies on performance characteristics of morphological attributes
in cooking and storage vessels are reviewed and summarized below.
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Performance Characteristics of Cooking Pots
Important

performance

characteristics

for cooking

pots

include

heating

efficiency,

permeability, transportability and capacity, as well as such a resistance to thermal shock and physical
impacts (e.g., falling and hitting).
sub-characteristics.

Each performance

characteristic can be broken down into

For example, heating efficiency includes heat conductivity, heat reception

efficiency (the area of vessel surface which receives heat), convection efficiency, evaporation rate, and
so on. Transportability can be broken down into weight and the ease of holding (Reina and Hill
1978; Arnold 1985).
As Smith (1985) and Henrickson and McDonald (1983) mentioned, cooking pots show a
wider morphological variation than storage and serving pots. This may be because there is so much
variation in cooking itself, and because cooking efficiencies may be sacrificed in favor of improving
thermal shock resistance.

Formal attributes that exhibit large variability include neck constriction,

relative height, base shape, wall thickness, and volume.

Since variation in these attributes is more

likely to reflect variation in cooking techniques, they can be used as criteria to classify cooking pots
into subtypes.
1. Neck Constriction
Neck constriction is related to the ease of access (including stirring and pouring), evaporation
rate, prevention against spills, and ease of holding. Neck constriction is the most important attribute
for distinguishing between cooking, storage and serving pots (Smith 1985) because it is strongly
related to the access factor. Smith (1985) used an absolute value of orifice diameter as well as the
ratio of neck constriction to measure the degree of access to the contents.

Accessibility to the

contents can be assured when the absolute value (diameter) of the opening is maintained.

Although

the ratio of neck to the maximum body diameter is low (i.e. suggesting a restricted shape), a large pot
has a neck diameter large enough for securing access. This factor can at least partially explain the
frequently observed tendency that the neck-constriction ratio decreases as pot volume increases.
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Ease of holding is required for pots that will be moved hot during cooking. Cooking pots
are most likely moved from a hearth by holding their neck or rim. For example, Kalinga rice cooking
pots are taken from pot stands to hearth floor for simmering by holding their neck with a rattan pot
holder. Thus, it is expected that, other conditions being equal, cooking pots that are frequently moved
from the flames tend to have a more constricted neck. Moving a hot cooking pot is expected to occur
in the following situations. First, a cooking pot which is set on a stand has to be moved when being
replaced by another pot. This occurs in the rice culture area in which both rice cooking pots and
vegetable/ meat cooking pots are used for a meal. On the other hand, when it is placed directly on
the hearth ground, it is possible to heat more than one pot at the same time. Second, replacing one
pot with another during cooking more likely occurs when there is a clear differentiation into staple
cooking and side dish cooking. Third, moving a hot cooking pot is necessary in rice cooking when
the pot is being simmered.
2. Wall Thickness
Wall thickness is related to heat conductivity (and heat retention capability), thermal shock
resistance, and resistance to physical impacts.

As noted, thin walls can increase heat conductivity,

while thicker walls can increase heat retention capability. Thus, cooking pots with thick walls are
suitable for prolonged, gradual heating by using coals as well as flames. Stew-like or porridge-like
cooking may fit into this type of cooking. The high heat preservability is also desirable for a dish like
a hotchpotch pot in which the contents are consumed while the pot is being heated.

On the other

hand, a cooking pot with thin walls is suitable for quick, intensive heating, such as rice cooking.
3. Base And Body Shape
Base shape is related to heat reception efficiency, transportability, and stability.

Linton

(1944), in examining ethnographic cooking pots in North America, suggested that cylindrical cooking
pots with a flat or pointed base are suitable for heating "in the fire" by using coals as well as flames,
whereas globular cooking pots with a round base are suitable for heating "on (or over) the fire" by
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using direct flame. Based on the fact that the former is related to mobile hunter-gatherers, and the
latter to settled farmers, Linton hypothesized that the above variations in base shape are determined
by the degree of settlement mobility. Pots with a flat or pointed base, which is placed directly on the
ground, are suitable for a more mobile life because they do not require the building of pot stands in
each settlement.

On the other hand, globular pots are suitable for sedentary life because the cost of

building a hearth in which the pots are set is low for sedentary people, and because globular pots have
a higher efficiency of heating by frame.
Arnold (1985) also suggested that the base shape of cooking pots is determined by the way
of setting them, which is in turn affected by resource availability. Cooking pots with a pointed base
and a constricted neck, which are set in a conical hole in the ground instead of on stone stands, are
adaptive in the environment of Amahuaca, Peru, where stone is scarce. On the other hand, the
Amahuaca community of Chumichinia uses flat-based cooking pots, which are set on stone stands,
because stone resources are more abundant there.
Mills (1985), in her re-examination of Linton’s hypothesis, found that the shape of cooking
pots has a higher correlation to dietary pattern than to settlement mobility; cylindrical pots with a flat
or pointed base are related to stew-like cooking of large mammals, whereas globular pots with a round
base are related to a more diversified diet with a focus on seed plants. However, unlike Linton, Mills
did not present any causal explanation

for the relationships

between pot shape and cooking

techniques.
Kawanishi (1982) and Braun (1983), in their analyses of Yayoi-Kofun cooking pots and
Mississippian cooking pots, respectively, proposed a causal tie between vessel shape and cooking
technique.

It was demonstrated that cooking pots became more globular in body and bottom shape,

more constricted in the neck, and reduced in wall thickness through time.

Since all these factors

suggested increasing heat conductivity, they concluded that these changes reflected an adaptation to
the increasing dietary importance of domesticated plants (rice and com, respectively), which requires
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more intensive heating.
There is a general tendency for globular cooking pots to be thinner than cylindrical cooking
pots. Thinner walls of the former are usually produced by interior thinning or paddling. Because
thick walls are also suitable for a prolonged, gradual heating, the above fact strengthens the hypothesis
that cylindrical pots with a large flat base and a thick wall reflect an adaptation to long term, gradual
heating in which heat retention is important.
In fact, the same changes in the shape of cooking pots (i.e., from cylindrical body, flat base,
and thicker wall to globular body with a constricted neck, round base, thinner wall) are observed in
the transition from mobile hunter-gatherers

to sedentary farmers in many areas of the world both

archaeologically (Braun 1983, Kawanishi 1982) and ethnographically (Linton 1944; Mills 1985). This
worldwide regularity strongly strengthens Kawanishi and Braun’s hypotheses that these changes reflect
an adaptation to the increasing dietary importance of agricultural products.
Although Braun (1983) and Kawanishi (1982) explained the adaptive advantages of thinner,
globular cooking pots, the adaptive advantages of thicker, cylindrical cooking pots remained to be
explained. Thus, their explanation is somehow unilineal-evolutionistic

in that cooking pot shapes

increased their heating efficiencies through time as a result of adaptation

to changing diet.

Regrettably, although the method, attributes examined, and hypothesis of Kawanishi (1982) are very
similar to those of Braun (1983), Kawanishi’s study has had far less influence on Japanese
archaeologists than Braun’s has had on American archaeologists.
4. Volume
Vessel volume can be an indicator of the use-context of pots, as well as the amount of the
contents.

Performance Characteristics of Storage Pots
Performance characteristics important for storage pots include ease of access, permeability
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(waterproofness and cooling efficiency), portability, stability (or ease of pouring), and resistance to
physical impacts and abrasion.

As noted, storage pots show less variability than cooking pots in

cross-cultural comparisons because the function is less variable as well; they mostly have a narrow
neck and globular body. Attributes that exhibit the most distinctive variation include relative height,
base shape, and the presence of handles. Arnold (1985:148) suggested that the shape of water jars
is affected by the way pots are held, which is in turn related to such micro-environmental factors as
the distance to water sources and the topography of the water-fetching road.

Base shape, relative

height, and the presence of handles are related to ways of holding pots, while variation in neck
constriction is related to the necessity of preventing water from spilling during transportation.
1. Base Shape
A storage pot’s base shape is more likely related to ease of holding than other performance
characteristics. Water jars carried on the head should have a round base (Reina and Hill 1978), while
those which are not carried but are kept inside a house are likely to have a flat base which is suitable
for being placed directly on the floor or shelf. Changes in Kalinga water jars (immosso) are a good
case which supports the hypothesis.

Kalinga water jars, traditionally used for fetching and storing

water, have a globular body with a constricted neck and a round base. In water fetching, a water jar
was carried on the head by using a rattan ring rest under the pot. Otherwise, water jars are mostly
placed in the kitchen on a rattan pot rest, from which drinking water is taken with a cup. However,
during the last two decades, water jars with a ring stand on their base gradually increased in frequency.
The change from a round base to a footed base is gradual; in 1988 about 5% of water jars had the
ring-stand on the base. Because water jars with a ring stand can stay in the kitchen without a rattan
pot rest under it, and because they cannot be carried on head, their appearance likely resulted from
a decrease in their use for fetching water. Because of the introduction of cylindrical plastic containers,
which can hold a larger amount of water, but cannot keep the water cool, water is fetched in cooking
pots on the way back from a water place where cooking pots are washed. Water taken from the water
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place is kept in a plastic container and ceramic water jars in the kitchen.

Water kept in a plastic

container is used for cooking, washing ingredients, and adding to ceramic water jars when the latter
run low. Thus, ceramic water jars, in which water is kept cool, have come to be specialized for storing
drinking water.
2. Neck Constriction
In Kalinga water jars, temporal change in neck constriction is so gradual that only an analysis
which actually measures size through time could detect it. Two reasons are considered to be
responsible for the gradual widening of the neck in water jars. First, the tendency of neck widening
is observed in cooking pots as well as water jars. A probable reason for widening the neck in cooking
pots is an influence from the lowland, where cooking pots have a wider neck than the highland
Kalinga. Cooking pots in the lowlands tend to have a wider neck because rice cooking pots, which
have a narrower neck, are being replaced by metal pots, and therefore, cooking pots are now
dominated by wide-necked vegetable/meat pots. Although the Kalinga maintain rice cooking pots and
vegetable/meat cooking pots separately, both types of cooking pots, as well as water jars, are
influenced by the lowland shape.

The second reason is that due to the decreasing used as water

fetching jars, water jars, now specialized in storing drinking water, do not have to be designed to
prevent spills during fetching. Instead, water jars have to maintain a neck diameter wide enough for
a cup to dip water.

WAYS OF APPLYING ETHNOARCHAEOLOGICAL
TO ARCHAEOLOGICAL

MODELS

DATA

Ways of applying ethnoarchaeological models to archaeological data can be classified into four
types in terms of the presence/ absence of causal ties and contextual considerations; cautionary tales
(Gould 1980), direct historical approach (Steward 1942), general model approach, and contextual
model approach.
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In the cautionary tale approach, ethnoarchaeological

models need not have causal ties

between patterns of material culture and patterns of human behavior, and usually do not consider
cultural contexts. This approach does not offer new interpretations

of archaeological patterns, but

simply suggests that other explanations are also possible for existing interpretations.

For example,

Segawa (1983) suggested that the incised decorations which characterize the Middle Yayoi ceramics
can be produced without using a potter’s wheel (or turn table) because modem potters in Thailand
produced similar decorations without using a pivotal wheel. He cautioned against the traditional
hypothesis that the incised decorations were produced by using a potter’s wheel, which is based on
detailed observation of the starting and ending points of the incised decorations. However, he did not
identify the conditions under which a potter can make that type of incised decorations, nor how
incised decorations produced by a wheel differ from those produced without a wheel. Although this
approach may be useful to widen the range of possible factors responsible for an archaeological
patterns it has little power to explain archaeological variation because it considers neither causal ties
nor cultural contexts.
The direct historical approach explains archaeological patterns based on ethnographic data
of the same or a historically related culture context. It is based on ethnography of a group that has
a homologous relationship with the archaeological subject. Causal explanations are often skipped in
building a hypothesis. This approach assumes that ethnographic models with a historical connection
make the interpretation of archaeological patterns more plausible because variations associated with
cultural contexts, such as environments,

subsistence, social organization,

ideology, etc, can be

controlled to some extent. This approach has often been used for inferring tool functions. Hally’s
inferences about the function of Mississippian vessel types is one of the more successful cases using
this approach (Hally 1985). In the rice culture area, the functions of many wooden tools excavated
from Yayoi sites have been identified based on morphological similarities with traditional farming
tools which had been used until they were replaced by machines (Kinoshita 1985). Interpretations
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in these two techno-functional studies are fairly convincing because functional relationships between
morphological attributes of the tools (or vessels) and use behavior were presented.

Indeed, this

approach cannot offer a persuasive explanation unless causal ties are presented. This is because some
critical conditions may have been altered in the course of cultural changes. Without clarifying causal
ties in the hypothesis, it is impossible to know what are the most critical conditions among many
contextual variables.
The general model approach seeks ethnoarchaeological
cultural contexts.

models that are applicable across

Models used in this approach should have clear causal ties, but many pay little

attention to cultural contexts. So far, most ethnoarchaeological studies fall into this category. These
models may not be applied to archaeological data, but can suggest criteria for classifying artifacts or
viewpoints for analyzing archaeological data. Smith’s study of form-function relationships is a good
example

(Smith

1983, 1985).

When

these

models

are applied

to

archaeological

data,

a

hypothesis-testing method is used. In this method, instead of being based on existing archaeological
patterns, the general model is directly tested against new archaeological data to determine whether
such data contradict the model’s expected patterns. This method is exemplified by studies of ceramic
distributions and production specialization (Rice 1984,1987; Arnold 1985; Stark 1993). The problem
with the hypothesis testing method in the general model approach is that even if archaeological data
do not contradict expectations of the model, the hypothesis itself may not be confirmed. It is possible
that a correlation between variable A and variable B in the archaeological data may result from
another causal relationship, such as A and B with a third variable C. In order to solve this problem,
it is necessary to examine the fit between contextual conditions on archaeological data and conditions
on which the models are based.
In the contextual model approach, ethnoarchaeological models are built in order to explain
existing patterns in archaeological data. In order to interpret archaeological patterns convincingly,
models should not only have causal ties between material variables and behavioral variables but also
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consider the closeness of fit between conditions of the archaeological context and conditions on which
the models are based. This approach may be the ideal way of using ethnoarchaeological data, but very
few case studies have been published so far. Binford’s studies on the hunting-scavenging behavior of
early African hominids (Binford 1984), and on bone attritional process (Binford 1981), are rare
exceptions.

His ethnoarchaeological

studies were successful at least partially because the topic he

studied, early hominid subsistence, is more amenable to treatment by general ecological principles
than other subjects.
The above review of ethnoarchaeological model building suggests that two things are required
to control contextual variables. First, in order to consider contextual conditions, it is necessary to
have a well-defined archaeological problem to which the ethnoarchaeological
Ethnoarchaeological

models are applied.

models are most effective when they are applied to explain existing patterns in

archaeological materials. Second, as Schiffer et al. (1994) argued, it is necessary to produce a series
of inclusive correlate theories that can cover a range of contextual conditions. For example, a design
of technological and morphological attributes is based on a balance between functional efficiency,
durability and production/ maintenance costs in each attribute (Schiffer 1992). Since this balance, or
which factor was weighted more heavily, varies with contextual conditions, such as resource variability,
subsistence, and so on, it is necessary to consider interrelations between performance characteristics
and costs. This point is discussed in more detail below.

TRADEOFF BETWEEN EFFICIENCY, DURABILITY, AND COSTS
Rice (1987:299) pointed out that shape and uses are culturally prescribed, and that potters’
decisions on resources and shape can vary with cultural contexts in the following ways. First, some
functions can be performed with different shapes of pots in different cultural contexts. For example,
the need for increased vessel volume can be met by using more pots or by using larger pots. Second,
shape and uses are not independent of ceramic resources. In other words, the costs of production and
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maintenance affect pot shape and uses. As a result, relationships between morphological attributes
and vessel functions are not straightforward. Although there are general tendencies in form-function
relationships as Smith (1983) proposed, there are also many exceptions to these models depending
on contextual conditions.
Although general models, which tend to hold across cultural contexts, are useful for
identifying basic functional categories, inferring lower-level functions - e.g.,subtypes within cooking
pots in terms of cooking techniques — requires much more consideration of contextual conditions
because cooking techniques or storage methods differ greatly between cultures. In other words, for
lower-level functions, there are differences between cultures in which functional efficiencies are given
higher weights. Thus, in vessel classifications, the most critical formal attributes can vary with potters’
or users’ needs for certain performance characteristics. For example, when thermal conductivity is the
most important

concern for the use and production

of cooking pots, wall thickness, temper

composition, and the presence or absence of stands are likely to be the most distinctive attributes for
native classification. On the other hand, when convection efficiency is the most important concern,
it is expected that the classification is based on body shape.
As noted, a morphological attribute influences more than one performance characteristic, such
as heating efficiency, durability, or the ease of manufacture.

For example, a constricted neck, in

comparison to a less constricted one, can decrease access to contents (in stirring and pouring), retard
evaporation, promote ease of sealing, and prevent spillage during transportation.

Thus, it is necessary

to examine inter-relationships between functional efficiencies, durability, and production/ maintenance
costs for each morphological and technological attribute.
Because particular performance characteristics are chosen out of a group of alternatives within
each broad functional category, uniformitarian

models on form-functional

relations can explain

patterns in archaeological pots only when critical conditions are met (Smith 1985:257). Factors that
affect such selection include (1) production costs, or levels of available technology, (2) durability, and
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(3) the type of functional efficiencies required by pot users.

Thus, functional efficiencies can be

sacrificed in the following cases.
First, expected form-function relationships may not be found when necessity of reducing
production costs outweighs the necessity for certain efficiencies or when a desired functional efficiency
cannot be obtained due to the lack of an appropriate technology. For example, although a constricted
neck is desirable for storage pots, constriction can be sacrificed because cylindrical vessels with a
straight wall are more easily constructed. Also, making a narrow neck may prevent interior polishing
because polishing tools cannot reach the inside walls.
Second, expected form-function relationships

may not be observed when the need for

increasing durability outweighs the need for certain efficiencies. For example, although thin walls can
increase the thermal conductivity of cooking pots, potters make thick walls in order to increase
resistance to physical impacts.
Third, improving a certain efficiency may be in conflict with maintaining other functional
efficiencies. For example, expected thinner walls,which increase portability and heat conductivity, may
not be found in a cooking pot if ease of transportation or heat retention is of greater concern.

SUMMARY
In spite of the florescence of ethnoarchaeological and experimental archaeological studies of
ceramic techno-function,

there are few proposed models in these middle-range studies that are

successfully applied to archaeological data. This is primarily because most of these models hold true
only when certain conditions are met, and relationships between variables in these models may vary
with conditions in each cultural context.

Thus, in order to apply ethnoarchaeological

models to

archaeological data, one requires clear archaeological problems and • contextual information.

In

addition, it is necessary to examine the fit between conditions of archaeological data and conditions
on which ethnoarchaeological

models are based, and to build a series of inclusive correlate models
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based on controlled, cross-cultural comparisons.
In techno-functional studies of ceramics, a balance between functional efficiencies, durability,
and production/ maintenance costs varies with conditions of pot production and use behavior. Thus,
in order to make ethnoarchaeological
examine these interrelationships.

models applicable to archaeological data, it is necessary to

90

CHAPTER 4. THE KALINGA ETHNOARCHAEOLOGY

PROJECT

In this chapter, Kalinga subsistence patterns, agricultural techniques, and cultural changes are
examined in order to furnish background information on recent changes in cooking techniques.
Fieldwork procedures are described to show the kinds of data used for the analysis of form-function
relationships.

SUBSISTENCE PATTERNS
The Kalinga are settled wet-rice farmers living in the rugged mountain region, the Cordillera,
in the north-central part of Luzon, the Philippines (Lawless 1977). The study area, Pasil Municipality,
is fairly isolated in that it takes two to three hours of driving from the local town of Tabuk (capital
of the Kalinga-Apayao Province) to reach the nearest bus stop (Ableg or Lonong), and Dangtalan and
Guina-ang, villages studied for this dissertation, are, respectively, 30 and 90 minutes on foot from the
nearest bus stop (Figure 4.1). The Kalinga go to marketplaces in the nearest town of Tabuk only
occasionally. Thus, Kalinga history shows that involvement in a market economy has been closely tied
to the development of road construction (Lawless 1977; Dozier 1966). Therefore, geographic isolation
from the lowland is the major reason that the Kalinga have maintained their traditional farming
systems, cooking techniques, and pottery-making techniques.
The climate of the Pasil region is relatively hot and humid, and consists of a sharply
differentiated dry and a wet season. Wet rice farming suffers from various environmental limitations.
First, since river water in deep valleys is hot accessible for farming, Kalinga rice paddy farming
depends on run-off water from mountains controlled by small-scale irrigation systems. When the
water supply becomes short during the dry season, it is not uncommon for many rice paddies to
become unusable.

Second, due to the rugged mountainous topography, arable land is very limited.

Land for rice paddies, which must be level to hold water, has especially become scarce during the last
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two decades. Third, rainfall patterns are not predictable from year to year (Takaki 1977:47). Fourth,
typhoons, which come annually in the Fall, sometimes destroy paddy walls, cause bending of rice stalks
before harvesting, and damage many coffee trees.
The Kalinga in the Pasil are settled farmers, whose subsistence methods consist of paddy rice
farming, swidden farming of traditional

vegetables, arboriculture

(coffee, papayas, jackfruits),

horticultural farming, and animal husbandry. Paddy rice farming is by far the most important means
of subsistence. Because of the hot and humid climate, double cropping of rice, one in the dry season
(January-June) and one in the wet season (July-December), is conducted.

Recently, the economic

importance of cash crop production (mainly coffee) and wage labor has increased rapidly (Trostel
1989). Pottery making has also become economically important in Dalupa.
Kalinga vegetables (the side dish of the Kalinga diet) are produced by either traditional
swidden farming or relatively recently introduced horticultural

farming.

Swidden farming and

horticulture farming contrast in the following ways. First, horticultural fields are located near house
lots within the village, whereas swidden fields are mostly located far away (i.e.,over 30 minutes walk)
from the village. Swidden fields are classified by elevation into kaigan, located in lower elevations,
and uma, in upper elevations.
Second, all households are engaged in swidden farming to produce vegetables for their own
consumption.

In contrast, horticulture is done by a relatively limited number of households because

availability of horticultural plots in or near the villages is very limited.

Thus, the majority of

households obtain these horticultural crops through barter trade, or by purchase in a town.

For

example, eggs, garlic, and ginger are produced by some Dalupa farmers, from whom other households
obtain them by barter. Some tomatoes and eggplants are purchased in the local town of Tabuk. The
more commercialized horticultural farming requires higher labor costs; the fertility of the horticultural
plots is maintained by use of leftover foods and animal dung as fertilizers, while swidden fields are
given no fertilizer after their burning. Thus, horticultural farming can be regarded as a more intensive
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form of vegetable production.
Third, swidden plots, especially of the uma type in remote mountains, are not privately owned,
while all horticultural plots are, like rice fields, owned by each household.

Swidden fields are

cultivated for two to five years, depending on the growth of weeds. Due to the high temperature and
high precipitation, natural vegetation recovers quickly after the abandonment of a field.
Fourth, swidden farming produces such traditional crops as beans, peas, squash, and sweet
potatoes, while horticultural farming produces non-traditional

(i.e., introduced from the Western

countries relatively recently) vegetables such as cabbages, onions, long onions, tomatoes,
eggplants.

and

Lawless recorded the presence of onions, eggplants and cabbage in the 1970s, although

their dietary importance was not mentioned (Lawless 1977:49-50). Takaki did not mention that any
of these horticultural plants were grown in Uma, despite her detailed descriptions (Takaki 1977).
Thus, the dietary importance of these horticultural crops to the Kalinga increased relatively recently.
In sum, the recent introduction of horticultural farming is connected to non-traditional crops and the
production of cash crops.
Animals raised by the Kalinga include water buffalos, pigs, dogs, and chickens. Water buffalos
are raised for plowing the field as well as for meat consumption on ceremonial occasions, while other
animals are raised principally for meat. Meat is not consumed in everyday (or household) cooking
contexts but in ceremonies.

In addition, the dung of water buffalos is one of the most important

fertilizers for maintaining rice fields.
Coffee trees are planted within the villages, near rice fields, and on mountain slopes for
domestic consumption and marketing. The market price varies seasonally as well as by coffee varieties
(arabica, robusta, and exsalsa). In spite of unstable prices, coffee is the most important cash crop.
Its production
has increased through time; in 1987/88 as many as 47 out of 70 Dangtalan households grew coffee
trees, whereas in the early 1970s, only a few wealthier households in the Basil had shown interest in
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the coffee market (Lawless 1977).
Wage workers include miners (e.g., Batong-Buhay
government workers, and pensioners.

gold mine in the Basil), teachers,

Wage labor is very limited both within and near the Basil

region. Wage income outside Basil is in many cases limited to a short term, and a high level of
education (above high school) seems necessary to get a stable job. Considering these conditions, wage
labor outside Basil is not as stable as the market production of pottery and coffee.
There is an inter-village division of labor in craft production (Stark 1993). Bottery production
has been intensified in Dalupa, while it has been declining in Dangtalan.

Guina-ang is traditionally

not a pottery making village. There is a very strong correlation between the household’s rice yield
and its pottery production volume both in 1975/76 and 1987/88 field data: households with a smaller
rice production tend to produce more pottery (Kobayashi n.d; Stark 1994). Thus, pottery making has
helped to supplement rice farming, their major mode of subsistence. Bottery making is advantageous
because of (1) low requirements for resources and capital, (2) relatively predictable pottery prices, and
(3) a relatively flexible time allocation. These advantages are likely to make pottery production much
less risky than coffee production and non-local wage jobs. Resources necessary for pottery production
include clay, resin for interior coating, and red pigment. Clay sources are located within a 15 minute
walk of the villages of Dangtalan and Dalupa (Stark 1993). Resin, supplied by the neighboring village
of Balatoc, are the only resource whose acquisition requires some capital. Most pottery, except for
the recently introduced lion-traditional pots, are bartered for rice or other commodities, rather than
sold. Although the rice-to-pottery ratio tends to decrease when rice is in short supply just before
harvesting, price fluctuations are predictable (Stark 1989).
Bottery making requires no strict scheduling. Bottery production and exchange volume tend
to increase during the three months preceding harvest in order to counteract rice shortages, and
decrease during the rainy season. At this time, the difficulty of transportation

on foot reduces the

frequency of barter trips, and a higher humidity increased the drying time and decreased opportunities
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for pottery firing. However, pottery can be, and in fact is, produced all year round.

RICE FARMING TECHNOLOGY
Production of rice cannot fulfill increasing demand for rice generated by population increase.
However, the Kalinga have not intensified their rice production to mitigate shortages. This section
examines why the Kalinga do not intensify their rice farming. Takaki (1977:133) characterized Kalinga
wet rice farming in the early 1960s as (a) basically a reliable mode of production over many years, (b)
exhibiting a relatively high level of productivity (though lower than modem rice varieties which are
planted under optimal conditions), (c) using labor-intensive methods of cultivation with the aid of
simple tools, (d) having great variability in productivity both per unit of labor input and per unit of
labor available (depending on the availability of water as well as soil conditions), (e) being limited by
sporadic sources of water preventing increased rice production, (f) having limited sized fields and
small scale production units (i.e. household production), and (g) having an elaborate system of inter
household cooperation in harvesting, transplanting, and allocating water during the dry season. These
characteristics continue to the present day. Rice terrace construction and farming tools are described
based mainly on analyses conducted by Villamor (1989) and Lawless (1977), as well as on my own
observations.
Swidden rice farming was replaced entirely by paddy rice farming by the late 1970s. There
were two kinds of swidden rice farming: the maonoyan, mono-cropping of the onoy variety of rice, and
the mabalatungan, production of the oyak rice variety inter-cropped with beans (Villamore 1989).
The former became extinct by the early 1960s. The latter was transformed into a bean-dominated
form, but dry rice production disappeared by the 1980s. Lawless (1977) reported that in the early
1970s swidden rice comprised only 15% of the total rice production in Dangtalan.
Few rice paddies existed until 1900. A boom in terrace construction occurred in the late
1920s and 1930s, which resulted incomplete terracing of Dangtalan except for the upper Lonong area.

96

In the 1960s, rice terraces were constructed in the upper Lonong area, too (Lawless 1977: 80-82).
Since that time, very few rice terraces have been constructed due to the consequent land shortage.
Analysis of rice field acquisition dates, collected in the 1975/76 field season, shows that out of 411 rice
fields in Dangtalan in 1976,

only seven were constructed after 1970.

This fact suggests that

construction of new rice terraces became too costly because the lands relatively close to water sources
had already been converted to rice paddies. The Kalinga frequently stated that a shortage of water
is the most critical constraint to their rice farming. Some rice paddies cannot be cultivated during
the dry season due to water shortage.

This was especially true in the Upa-upa area of Guina-ang

territory, where topographic undulation is more pronounced and, thus, more difficult to provide with
water.
It has been argued that Green Revolution technologies are not adaptive in agriculturally
marginal areas in which water availability is limited, environmental conditions are unstable, or smallscale farmers cannot afford chemical fertilizer and insecticides (Brush 1986; Flinn and Garrity 1986;
Lipton and Longhurst 1985; Richard 1986). Traditional farming technologies also contribute toward
strengthening social ties and can have considerable ceremonial importance.
prevent or delay the introduction of Green Revolution technologies.

These social factors may

For several reasons Kalinga

traditional farming technologies are adaptive in their environmental and cultural contexts.
First, the varying availability of water, especially during the dry season, has kept the Kalinga
from attempting to construct more irrigation ditches to produce more paddies or to introduce new
technologies to increase rice productivity. Since Kalinga rice farming is already highly labor intensive
(Takaki 1977), further intensification would be difficult. Green Revolution technologies have been
successfully applied in the lowlands, only because the Philippine national government invested a huge
amount of money in irrigation systems and fertilizer. Thus, modem rice varieties are not adaptive in
the mountain regions in which these conditions are lacking.
Second, the Kalinga traditionally use a wide variety of rice in order to diffuse the risk of crop
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failure. Diffusing possible crop damage is especially crucial in harsh environments such as highland
Luzon and the dry-lands of the Hopi. The Kalinga grow several traditional varieties of rice, each of
which has a distinctive seasonality, productivity, and tolerance to water shortage and excessive water.
Onoy (red rice), a wet season variety, and oyak, a hot dry season variety, constitute the two major
types. Onoy, red rice, is planted in January and harvested in May because it cannot grow well in
excessive water during the wet season (Lawless 1977). Onoy has six sub-varieties which were mixed
together in planting (Lawless 1977:35). Onoy has more traditional features than oyak, such as a less
stout uppermost panicle and a lesser tillage rate (Takaki 1977:114). On the other hand, oyak is
planted in July/August and harvested in November/ December, although theoretically it can also grow
in the dry season. Per unit area productivity is hard to compare (Takaki ibid; Lawless 1977), but some
Kalinga feel that oyak has slightly higher productivity. Oyak is a non-seasonal variety, but is planted
mainly during the wet season because it requires more time for harvesting and probably because onoy
is preferred to oyak. Other local rice varieties, such as black rice (intan), are grown in much smaller
quantities.

There is a non-Kalinga variety (Ilocano variety) called wagwag (ibid: 36). In spite of its

higher yield, wagwag was not common in Basil because it tastes poor, it is too hard to hand-pound
or winnow, it is more susceptible to tungro virus than traditional varieties, and its seeds have to be
purchased. Thus, although modem varieties (IR-32 and IR-34) were experimented with by wealthier
farmers in the early 1970s (ibid: 107), they were not known to have been planted during 1987/88.
Third, because of the national government’s policy toward self-sufficiency in rice production,
rice prices have been kept artificially low. Therefore, it was more effective for the Kalinga to increase
wage income and cash crop production to buy cheap lowland rice, rather than to increase rice
production or productivity. As Takaki suggested, there are many alternatives open to farmers with
respect to the means of allocating their labor and organizing their productive activities (ibid: 187). In
many cases, labor investment in farming is not the only choice.
Fourth, Kalinga traditional rice farming technologies, which do without chemical fertilizers,
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herbicides, and insecticides, are much less costly than Green Revolution technology, and are therefore
more adaptive for the Kalinga, who are not subsidized by the government and whose farming is small
scale.
Fifth, the Kalinga have used a traditional small harvesting knife (lakum) in order to cut only
panicles, leaving the plant stem and roots in the field as a fertilizer. These rice stalks are buried in
the ground by the trampling of water buffalos. The slow release of nutrients from these rice stalks
is adaptive because of the low-fertility responsiveness of traditional rice varieties (Villamore 1989).
Thus, the Kalinga have never used lowland type harvesting sickles, even though these tools can harvest
much faster (ibid.).
Finally, traditional rice varieties have a better taste and color than modem ones. Thus, they
have an ideo-functional importance for making ceremonial rice cakes.
In sum, the reasons that the Kalinga have chosen to expand cash cropping and wage labor,
rather than increase rice production by adopting new technologies or investing additional labor, are
as follows. First, rice farming, as well as swidden farming of vegetables, .is subsistence farming among
the Kalinga.

Except for its use as an exchange medium in the barter trade system of thearea, rice

is not used as a cash crop.

This is because Kalinga rice agriculture cannot compete

with the

industrialized lowland rice farming system which is likely to have higher productivity per labor input
and per unit
and acquire

of land. Because the Kalinga want

to increase their income to obtain a highereducation

market goods, and because the rice price is kept low by the Philippine

national

government, it is not a good strategy to intensify rice farming to produce a surplus. Cash crops
(especially coffee) seem to be a better choice.
Second, water availability is limited in the Kalinga area. This limitation makes the use of
small harvesting tools and the use of rice stalks as fertilizer adaptive, and makes modem rice varieties
inappropriate.
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ACCULTURATION

PROCESSES

Because of population increase and the limited availability of plots for a new rice paddy, the
Kalinga cannot produce enough rice to support themselves. The Kalinga have chosen three solutions
to the rice shortage problem; the reduction of fertility, emigration, and subsistence diversification (i.e.,
an increase in cash cropping and wage incomes). The economic importance of wage income and cash
crops has increased through time, whereas rice production has not increased at all. As a result, there
has been an increasing involvement in the market (cash) economy. Lawless reported that in the early
1970s cash was viewed simply as a special commodity to exchange for certain goods which were not
available locally, and using cash for subsistence goods was not considered good (Lawless 1977:93). In
contrast, in 1987/88 the Kalinga in Basil had to buy a quantity of rice and other commodities, and
sought wage jobs that were not readily available.
The above three factors are interrelated in the following ways. The subsistence shift towards
wage labor resulted in increasing emigration from the village. Getting stable jobs requires a person
to have a higher education, and a higher education is possible only when parents have enough cash
to pay for their children’s education.

The combined effects of subsistence diversification (towards

wage labor and cash cropping) and higher education may well lead to a higher marriage age, because
young men and women usually marry only after graduation.

As a result of the delayed wedding age,

mothers’ age at birth became higher and their fertility declined.
Dangtalan and Dalupa show different trajectories of culture change in terms of ways to
mitigate declining rice production.

The economic importance of wage labor is greater in Dangtalan

than in Dalupa, while coffee production and pottery production are more important in Dalupa. The
differences between the two villages are most clearly observed in their pottery production. In contrast
to Dangtalan, where pottery production has been declining since the 1970s, Dalupa potters have not
only expanded local pottery exchange systems but have also begun to produce non-traditional forms
of ceramics (Stark 1989).
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Although the Kalinga have become involved in a market economy, they seem to maintain a
balance

between their cultural traditions and newly introduced systems. The Kalinga introduced

non-Kalinga items selectively so that their living conditions can be improved without damaging the
advantages of their traditional systems and customs. This point is discussed in more detail in Chapter
5.

FIELDWORK PROCEDURES
As a part of the Kalinga ethnoarchaeological project in 1987-1988, the cooking behavior and
use-alteration project was conducted by M. Kobayashi and J. Skibo during the spring of 1988 (for
three months), mainly in the village of Guina-ang. The Kalinga ethnoarchaeological project focused
on production,

distribution

(procurement),

possession,

use, and disposal

of pottery

in a

non-commercial context. A wide range of data pertaining to the techno-functional aspects of culture
were collected. The Kalinga project has the following characteristics.
First, temporal changes within the last three decades can be observed by comparing the two
field seasons’ data (1974-75, and 1987-88), and by comparisons with other ethnographies.

Dr.

Longacre conducted one-year-long fieldwork in Dangtalan during 1975-76. During the first fieldwork,
he recorded pot possession, pottery production and trade, rice yield, and household composition
(including household census and information of wage works) for each household.

Furthermore, he

applied an archaeological method to ethnoarchaeological fieldwork: a midden in Puapo (neighboring
village of Dangtalan) was excavated, and all ceramic sherds were retrieved by 10 cm levels. These
excavated sherds will permit us to examine ceramic stylistic changes for over last 50 years.
Regrettably, battles between the New People’s Army (NPA) and the Philippine government army
prevented him from revisiting until 1987 (Longacre 1994). Unable to revisit the Kalinga region, in
1979-80 Longacre asked his Kalinga assistants to re-inventory household pots using the same format
as in the 1975-76 fieldwork. Then, finally, the largest scale of fieldwork was conducted in 1987-88,
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after the NPA and the new Aquino government reached an agreement in 1986 to cease fighting in the
Kalinga region. Because the second fieldwork in 1987-88 employed almost the same data collection
formats, temporal changes in pottery production, possession, and distribution during the last 14 years
can be analyzed.
Temporal changes in Kalinga subsistence can be studied through comparisons with Takaki’s
(1977) analysis of Kalinga exchange systems and Lawless’ (1977) analysis of agricultural technology.
These two are particularly useful because they focused on economic/subsistence systems and their
fieldwork locations were the same or close to ours. Takaki, who stayed in Uma, a village several
kilometers (two to three hours on foot) away from Dangtalan, for four years from 1965 to 1968,
collected quantitative data on rice production, rice consumption,

and rice farming technology.

Lawless, who stayed mainly in Dangtalan from 1972 to 1973, studied farming technology in the Basil
area.

Although most of his data are not quantitative, he presented good descriptive data on the

annual work cycle of Kalinga rice farming in the early 1970s.
Second, spatial variability among three villages in Basil Municipality can be observed. The
project was conducted using the same data collection formats in Dangtalan, Guina-ang, and Dalupa.
Basil Municipality consists of 15 villages (barangi) all of which are located along the Basil River.
There are distinctive differences among the three villages in the abundance of natural resources such
as rice fields and forest resources. Analyses of our economic data support Lawless’ (1975) hypothesis
that the abundance of natural resources declines from west to east, from Guina-ang to Dangtalan to
Dalupa (Stark 1993). This resource availability is related to the intensity of pot-making. Guina-ang
is a pottery consuming village and no potter has ever practiced there, while Dangtalan and Dalupa
are pottery production villages. Bot-making in Dalupa, where pottery production has diversified to
include non-traditional forms for market, is much more intensive than in Dangtalan, where pottery
production, although active in 1975-76, has been declining through time. Other than pottery
production, there is an inter-village division of labor: Guina-ang has more active basket weavers than
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other villages (Stark 1993). Accessibility to automobile transportation varies with villages: Guina-ang,
located on a narrow ridge and about 1.5 hours on foot from the nearest bus stops (Ableg or Lonong),
is least accessible.
Fieldwork procedures documented the entire cycle of pottery production-use behavior in order
to examine relationships between production, distribution, possession, use and disposal. In fact, pot
use behaviors are strongly affected by possession of pots. For example, it has been observed that the
use frequency of a pot (pot rotation patterns) is affected by the number of pots possessed and in use,
and has little to do with household size and economic conditions. It was also shown that the number
of pots possessed in a household affects the frequency of unintended uses of the pots (see chapter 6).
Data collection methods include the inventory/questionnaire survey, participant observation
of pot use behavior (in Guina-ang only), and the use-alteration

analysis of collected pots at the

University of Arizona. The inventory questionnaire survey was conducted in the three villages using
basically the same data-collection formats. Data for the Guina-ang inventory/ questionnaire survey
were collected by five young Kalinga assistants (residents of Guina-ang) who can speak English
fluently.

After two weeks of training with Skibo and Kobayashi, each assistant visited several

households

a day to collect the information.

The data collected include a pot inventory, a

use-wear/use-behavior questionnaire, a cooking survey, an economic questionnaire, and a household
census.

Household Pottery Inventory
The pottery inventory includes pot acquisition data (year, potter, location of production and
acquisition, and mode of acquisition) and pottery attributes (type, size-category, dimensions, volume,
and gili decoration).

The inventory was obtained in the three villages using the same format as the

1975-76 field season (see Longacre 1981).
The pot acquisition data were based on housewives’ answers. In spite of a previous worry that
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pot acquisition dates may not be perfectly accurate, especially for old pots due to unfamiliarity with
the Western calendar system, a study in the accuracy of informant data demonstrates that the mean
error in pot acquisition dates is only -0.34 years with a standard deviation of 1.413 years, showing that
the information is fairly accurate (Neupert and Longacre 1994:74).
The vessel type, size category, and native volume measure (chupa) were recorded based on
housewives’ information, and thus reflect "emic"categories. The emic size categories vary significantly
among housewives: e.g.,som e housewives define medium size as from four to eight chupas, while
others have a range of three to 11 chupas. This variability in size definition among housewives likely
reflects the fact that Guina-ang housewives are not potters but consumers; unlike potters who consider
standardized size categories that can be applicable to consumers in general, Guina-ang housewives
classify pot size based on the needs of their household.
There is also a gap between the emic estimate of pottery volume (in chupa) and the etic
measurements.

Figure 4.2 shows a correlation between the emic chupa volume and the measured

volume for each vessel type. Since the chupa-volume for a pot means the volume to the point of
maximum diameter, these two figures are plotted.

As a result, there is a significant overlap in the

actual volume between a two-chupa pot and a three-chupa pot. Because it becomes more difficult to
estimate pots’ volume accurately as they become larger, volume for large pots tends to cluster
particularly around numbers such as 15 and 20 (see Figure 5.5). This is a kind of "sinkhole effect"
(Neupert and Longacre 1994).

Use-alteration Questionnaire
Information obtained by the use-wear/ use behavior questionnaire includes (a) use behavior
of individual pots (cooked materials, operation of a pot, the presence/absence of unintended uses, the
last day of use, location in which a pot is kept), (b) household pottery-use behavior (pot used in the
last three meals, cooking utensils, and the reason for pot choice), and (c) use alteration attributes of
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each pot (intensity of exterior soot deposit, rim chipping, oxidization on the bottom, cracking, repair,
and leaking); (a) and (b) are based on housewives’ answers, while (c) was judged by our assistants.
Guina-ang assistants were trained for about two weeks in order to identify use-alteration patterns
accurately.
The use-wear/ use-behavior survey was conducted in Guina-ang and Dalupa so that effects
of differential natural resource abundance and presence/ absence of pottery production on pot use
behavior could be examined.

Cooking Survey
The cooking survey was designed to examine correlations

between pottery attributes

(production date, type, and volume), pot rotation patterns, cooked materials, cooking time, and the
frequencies of unintended use.

It was conducted during the last four weeks of the fieldwork in

Guina-ang, after the pot inventory was finished and we had become familiar with pot inventories of
each household. About 60 households were selected so that the sample could include the households
in which the participant

observation was took place, households with active ittoyom use, and

households with "ittoyom-oppaya intermediate" pots (pots whose shape is intermediate between
ittoyom and oppaya, and which can be used both for rice and side dish cooking). Each household was
visited by our assistants every other day or once in three days to record cooking behavior for each
meal during the preceding two days. The data, which were recorded for 14 days on average, include
the context of cooking (household or ricefield), the type and size of pot (+ pot number), and food
cooked in the pot. Furthermore, in 12 households where a hand watch was available, housewives or
daughters (most of whom are either our assistants, teachers, college students, recent college graduates,
or public servants) were asked to record cooking time (starting and finishing time for rice and
vegetable cooking, respectively) as well as the above information.
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Economic Questionnaire
The economic questionnaire

was devised by Brian Trostel so that wealth in term of

possessions and/or production could be most accurately measured (Trostel 1989,1994). Due to time
constraints on the Guina-ang fieldwork, some items judged as less important were omitted from the
original format that was used in Dangtalan and Dalupa. During the fieldwork, Trostel found that rice
fields, houses (lots + structures), granaries, and animals (carabaos, cows, pigs, dogs, and chickens)
constitute the most valuable possessions. It was also apparent that the Kalinga economy is based on
wet rice farming, and is supplemented by vegetable farming in swiddens, cash cropping (coffee), and
wage labor. Therefore, the items listed above, except for wage income and vegetable production, were
recorded in current (1987-88) market values (in pesos) and in quantity (the number for countable
items, or volume for uncountable items such as rice and coffee yield).
Wage income was not included because it was felt that, at the time of economic survey, our
stay in Guina-ang had not been long enough to ask for this information.

Vegetable production was

omitted because seasonal fluctuations in values make their current peso values difficult to obtain. The
estimated coffee yield suffered from the same problem.

Rice Field Survey
During the 1975/76 field season, rice production, area, owner, and acquisition year (year in
which the rice field was inherited, purchased, or constructed) were recorded for each rice field in
Dangtalan.

These data make it possible to calculate the approximate total rice production and the

rice yield per unit area in Dangtalan. Although it is also possible to calculate the rough figures of rice
production by household, there are three factors that introduce some considerations.
First, some rice-fields are not cultivated by their owner, but by others who pay usually 50%
of the product to the owner of the fields. Takaki (1977) called it "share cropping" because this custom
is very different from a landlord-peasant relationship.

For example, households that own a large
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number of fields and/or fields at too many different sites can reduce their burden by having others
cultivate some of their fields (ibid: 123). In Uma in early 1960s, share-cropping accounted for 20%
of total rice production (6303.75 kg/32857.05kg) (ibid:125). Unfortunately, share-cropping data were
not recorded during the 1975-76 field season. In contrast, in the 1987/88 field season, the total amount
of rice obtained by each household, regardless of ownership of rice fields, was recorded.
Second, rice production from fields outside the village area was not recorded. Since some rice
fields were inherited by children who are not residents of the village or were purchased by
non-villagers, some Dangtalan households own rice fields outside the village, and some rice fields in
the Dangtalan territory are owned by non-villagers. Therefore, total village rice production, as well
as household rice production, are probably underrepresented

in the 1975/76 field data.

Finally, owners of some rice fields could not be identified. Although this does not affect the
estimation of total village production, household production figures can be distorted. Because of the
above factors, total rice production, not the mean household production, is used in comparisons
between the two time periods and among the three villages (in 1987/88).
Rice production in each household is measured in chupas in a husked form (dry rice measure,
one chupa = 370 cc). Since rice production was recorded as the number of rice bundles (dalan; one
dalan=60 smallest bundles, botok, and one botok contains about 100 stalks), it is necessary to convert
the bundle measure to the dry rice measure. One complicating factor is that the conversion formula
varies by rice variety. For onoy (planted during the dry season) one dalan of rice bundles produces
25 chupas of pounded rice, whereas one dalan of oyak variety (planted mainly during the wet season)
is equivalent to 17 chupas of pounded rice (Lawless 1977; Trostel 1989). Since the oyak and onoy
yields are not separated in the 1987/88 Dangtalan data, the mean value of 21 chupa (for one dalan)
is used for the conversion.

Population Census
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Census data were collected to permit the examination of demographic changes, wage labor,
and total food consumption. Dangtalan (1975/76 and 1987/88) and Dalupa (1987-88) census questions
include age, sex, birth place, wage-work experience (including the amount

of wage income),

educational history (lacking in the 1975/76 census), and movement of residence (due to marriage,
study, wage labor and so on) for all members of the household. In the Guina-ang census, only age and
sex were recorded because of time constraints.
The 1987/88 census contains the record of people

who formerly resided (deceased,

married-out, and emigrants) in each household (as to when, why, and at what age). These data make
it possible to trace the population trends back to three decades ago. Accuracy of the data can be
checked by comparing birth date recorded in the 1975 census and the 1988 census for the same
person.

The result shows that the age gap between the two censuses, if it exists, is at most a few

years. Therefore, it can be said that most birth dates are accurate.
Based on the age-sex composition of each household, the amount of rice consumption per
day can be estimated using Takaki’s method (Takaki 1977:719). Takaki presented a chart of average
rice consumption per person per day for various age-sex categories (Takaki 1977:719). Based on her
chart and the age-sex composition of a household, the amount of rice consumed in the household can
be calculated.

Participant Observation of Cooking
After the two-week training of assistants, Skibo and Kobayashi started visiting a house each
day for participant observation of pot use behavior. In total, 40 households were visited. Selection
of these households was not based on random sampling, but on the consideration of such factors as
(1) active ittoyom (ceramic rice cooking pots) use, (2) use of "semi ittoyom-oppaya" category, and (3)
occasional use of rice cooking pots for unintended functions (vegetable, cooking). We also saw to it
that households

at various levels of wealth were represented

in the sample.

This participant
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observation was intended to observe and record (in field notes and photos) all kinds of pot use
behavior, ranging from cooking, serving, washing, and storing of a pot. The researchers were allowed
to sit beside a cooking hearth, during breakfast (usually from 5 am to 8 am, including subsequent
washing), lunch (11 am to 1 pm), and dinner (5 pm to 7 pm). Attention was paid to record all kinds
of contact with the pot’s surface including with pot lid, cooking utensils, washing abraders, other pots,
and the ground/ floor. The duration of each activity was recorded as precisely as possible. Since all
pots in the village were given numbers during the inventory survey and could be recognized by gili
decoration, type (ittoyom or oppaya), and volume, the information recorded during the participant
observation phase is related to the inventory/questionnaire

data.

In addition, cooking behavior

associated with village ceremonies (funerals, fiesta, posi-pos, and school graduation) and harvesting
in ricefields was also observed, although data recording was not as systematic as that of household
cooking.
Based on these observations, a database for each cooking event (i.e. each cooking vessel in
a meal preparation) was constructed.

These variables include the type and size of cooking pot, kind

of foodstuffs cooked in the pot, use of leftover food, duration of heating, water level during heating,
frequency of stirring, adding water, overflowing, and period when the pot was covered with a lid. The
merits and demerits of the participant observation data, in relative to the cooking survey data, are
discussed in Chapter 5.

Use-Alteration Analysis of Pottery
In order to correlate use-behavior with use-alteration patterns, 189 used pots were exchanged
for new pots (made in Dangtalan) in the latter part of the fieldwork; used pots were wrapped with
a Goretex sheet (for the preservation of the pot surface) and shipped to the University of Arizona.
These collected pots are mostly those observed during the participant observation (from three houses),
but also included are 22 "control pots" (from seven houses) in which use frequency and food cooked
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were recorded from the first use until the exchange (the last use). These control pots were used an
average of 14.8 times (in household 92, 8 pots), and represent a lightly-used group of pots. The 189
collected pots are now under detailed analysis in the Arizona State Museum and the Laboratory of
Traditional Technology, Department of Anthropology, the University of Arizona.
These data collection methods make it possible to construct systemic models at two different
levels: models of processes of use-wear formation and models that explain variation in pottery use
behavior. The latter models can relate temporal and spatial variations in pottery use behavior with
broad socio-economic changes.

In other words, correlations between pottery use behavior and

socio-economic features can be examined in three dimensions: inter-village, inter-household,

and

between two field seasons. Based on these correlations, it is possible to interpret temporal variations
in prehistoric pottery use behavior.

Databases
Based on the inventory/ questionnaire

survey data, three types of database files were

produced: a database in which each household is the case (called household database), databases in
which each pot is the case (pot databases), and those in which each cooking event is the case (the
cooking survey and participant observation databases).

Since all pots were numbered during the

inventory survey (which was conducted first) and pot number could easily be recognized by type
(ittoyom or oppaya), volume, and gili decoration, information in the above data formats is linked
together. For example, use frequency of each pot during the cooking survey (the number of uses of
a pot for either rice or vegetable cooking divided by the total number of the pot’s uses) was
calculated, and then added to the pot databases. The mean values of volume, cooking time, and pot
counts for a particular type/size were also calculated by household from the pot databases and the
cooking databases, and then added to the household database.

Ill
Cross-Checking the Data
The degree of differentiation between water jars and cooking pots and between rice cooking
pots and vegetable/meat cooking pots is measured by correlating the pot types and size with the pot
measurement data.

As noted, height, aperture diameter, interior neck diameter, body maximum

diameter (circumference) were measured for all pots owned by all households in the three villages by
our Kalinga assistants. Since the assistants were required to in measure all pots in a household within
a limited time, some errors were unavoidable.
The pot volume was recorded in "chupa" measures. The chupa is a Philippine-wide unit of
measure based on a metal can volume. A two-chupa pot is one in which two chupas of uncooked rice
grains are put before heating, rather than a pot whose volume is two chupas.

Since rice is always

filled up to the middle portion of the body (the location of maximum body diameter) of a rice cooking
pot, a two-chupa-pot means a pot whose volume up to the middle of the body is two chupas.
Volumes of vegetable/meat cooking pots and water jars are also measured in the same way.
The volume of a pot is measured at half chupa intervals up to about 10 chupas. Thus, chupa
volume increases in the order of 0.5,1.0,1.5 and so on, up to 10 chupa pots. Pots over 10 chupas are
usually measured at one-chupa intervals.

Since the chupa volume data are an "emic" estimate by

housewives who own the pots, some discrepancies are expected between the estimated chupa volume
and the actual measured volume (Figure 4.2). However, since the measured volume (in liters) shows
a strong correlation with maximum body diameter (Figure 4.3), the maximum body diameter can
represent the volume rather than the chupa-volume.
Because of the above two reasons, the estimated chupa volume and the field measurements
were cross-checked with actual measurements (referred to as laboratory measurements).

Laboratory

measurements were taken on 180 of the used pots brought to the Arizona State Museum. The field
measurements of aperture diameter, interior neck diameter, and body maximum diameter show higher
correlations with the laboratory measurements than that of height (Figure 4.4). As expected, the
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estimated chupa volumes showed the poorest correlations with laboratory measurements.

There are

significant overlaps in actual volume between two-chupa pots and three-chupa pots. However, pots
between five chupa and eight chupas show a higher correlation with their actual volumes than pots
of less than four chupas.
Since the use-alteration pots contain very few large-sized (over eight chupa) pots, the accuracy
of the chupa measures for large-sized pots was examined by cross-checking the field measurements
of maximum diameter (Figure 4.2). Significant overlaps were observed in maximum diameter among
pots over 10 chupas, and there is a tendency for estimated chupa volumes to cluster at 10,15, and 20
chupas when actual pot volumes (represented by the maximum diameter, see Figure 5.5) are near
those numbers. In other words, pots with actual volumes of 9,11, and 12 chupas tend to be estimated
as 10-chupa pots.
The above examination suggests that the height data in the field measurements should be used
with caution, and that it is safe to lump the chupa volumes of large-sized pots into an "over 10 chupa"
category. Due to the overlap in actual volumes of two- and three-chupa pots, they are lumped into
a category of "two to three chupa pots" in the following analyses. In addition, because maximum body
diameter shows a high correlation with vessel volume (Figure 4.3), the volume of inventory pots is
sometimes represented by their maximum body diameter.

SUMMARY
In the analysis of ceramic form-function relationships, it is necessary to correlate the data on
vessel assemblages and morphologies with those on vessel use behavior.

The data on vessel use

behavior, especially of cooking, include 1) the scale of food consumption in each household, 2)
cooking techniques, 3) vessel uses, and the economic condition of each household. The data collected
in the Kalinga ethnoarchaeological project furnish these categories of information in the following
ways. First, the amount of food consumed in a household can be calculated based on the age-sex
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composition of the household recorded in the population census. The wealth of a household can be
examined based on the economic questionnaire and the rice field survey data (Trostel 1991). Second,
cooking techniques and vessel uses can be analyzed from the data recorded in the cooking survey, the
participant observation of cooking, and the use-wear/ use behavior questionnaire.

Third, the ceramic

assemblage and vessel morphology can be examined based on the pottery inventory data. Finally, in
order to infer the usage of archaeological ceramics, the use-alteration analysis will provide a series
of models which link use-alteration patterns observed in archaeological pottery and their usage.
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CHAPTER 5: RELATIONSHIPS BETWEEN FORM AND FUNCTION:
THE KALINGA MODELS

This chapter examines the relationship

between cooking techniques and morphological

attributes of Kalinga cooking pots using the following procedures.

First, the degree of functional

differentiation between cooking pots and water jars and between rice cooking pots and vegetable/meat
cooking pots are examined. The differential rate of replacement of ceramic cooking pots by metal
cooking pots is also discussed. Second, Kalinga cooking behavior is described in terms of foodstuffs,
heating method, food combinations (whether a food was mixed with others, or not), heating time, and
so on, and differences between rice cooking and vegetable/meat (side dish) cooking and between
cooking of various side dishes are discussed.

Finally, the morphological differences between rice

cooking pots and vegetable/meat cooking pots are correlated with cooking behavior in "Kalinga
models" of form-function relationships.

KALINGA CERAMIC ASSEMBLAGE
Vessels used by the Kalinga consist of traditional Kalinga pottery, non-Kalinga pottery,
recently introduced metal and plastic vessels, and traditional wooden vessels. Traditional Kalinga
ceramics consist of rice cooking pots (ittoyom), vegetable/meat cooking pots (oppaya), water jars
(immosso), lids for cooking pots (su-kong) and basins for feeding pigs (pannogan) (Figure 5.1).
Among them, the ceramic lids, traditionally used for both rice cooking and vegetable/meat cooking,
have been almost completely replaced by metal lids. During our participant observation of cooking
behavior, ceramic lids were used only in two cases.

I suspect that in these cases the housewives

intentionally showed us the more traditional way of cooking, which they may not use in everyday
cooking. Likewise, ceramic basins were not observed in use or being produced during the 1987-88
field season. Non-Kalinga pottery consists of cooking pots obtained from Abra (the Tinguian) and
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Figure 5 .1

Rice cooking pot (ittoyom , top) and vegetable/m eat cooking pot (oppaya, bottom)
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Balatok (Pasil region), and non-local wine jars. The relative frequency of these non-Kalinga cooking
pots is very low. Large wine (basi) jars (amuto) and smaller wine jars (volney) are used on ceremonial
occasions (Longacre 1981).
In this section, (1) the degree of replacement of ceramic vessels by non-ceramic (i.e. metal
and plastic) vessels, (2) size differentiation of ceramic vessels, (3) differences between ceramic cooking
pots and water jars, and (4) differences between rice cooking pots (ittoyom) and vegetable/meat
cooking pots (oppaya), are discussed. Analysis of vessel use frequency is based on the cooking survey
data collected in Guina-ang (Table 5.2), while that of the possession of vessels (i.e. assemblages of
various types of vessels) is based on the pot inventory data collected in Guina-ang and Dangtalan
(Table 5.1). The Dangtalan inventory data are used to supplement the Guina-ang inventory data for
two reasons.

First, it is necessary to compare the pottery inventory between a pottery-producing

village (Dangtalan) and a pottery-consuming village (Guina-ang) to examine the effect of pottery
making on the pottery assemblage. Second, non-ceramic vessels were systematically inventoried only
in Dangtalan. The Guina-ang inventory does not include frying pans and plastic water containers. In
addition, the vessel use questionnaire data (listing the type of cooking pots employed in the last three
meals in all households) collected in Guina-ang is also used to supplement the Guina-and cooking
survey data.

Replacement of Ceramic Vessels by Non-Ceramic Vessels
In this section, relationships of ceramic vessels with non-ceramic (metal, plastic, and wooden)
vessels are examined for each functional category.
(1) Types of Cooking Vessels
Cooking vessels consist of ceramic rice cooking pots (ittoyom), ceramic vegetable/meat
cooking pots (oppaya), metal cooking pots (caldero), frying pans (saliyas), and metal and ceramic lids.
Recently, metal cooking pots (calderas and frying pans) have come to be used more frequently. When
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the use frequency of calderos in a household (the number of cooking events in which a caldero was
used, divided by the total cooking events in a household in the cooking survey data) is plotted against
that of frying pans, a positive, though not very strong, correlation (R =0.258, P = 0.043) is observed:
the households which use frying pans over 20% of all cooking events also use calderos over 60%,
whereas households which use calderos less than 50% of all cooking events use frying pans less than
20% (Figure 5.2). Since the Kalinga seldom use calderos for vegetable/meat cooking, although it is
physically possible, the households that frequently use calderos for rice cooking also often use frying
pans for vegetable/meat cooking.
The replacement rate of ceramic cooking vessels by metal ones differs markedly between rice
cooking and vegetable/meat cooking. During the last two decades, calderos have gradually replaced
ceramic rice cooking pots (ittoyoms).

Pottery use questionnaire data, which cover all Guina-ang

households, show that as much as 75% of all rice cooking events in the village employed calderos.
The same tendency can be observed when the frequency of caldero uses was calculated in each
household (Figure 5.2). Out of the 60 houses in which the cooking survey was conducted, the number
of rice cooking events using ittoyom outnumbered those using calderos in only five households. On
the other hand, calderos comprised over 90 percent of rice cooking events in 11 households.
one household
representative

(Household
of traditional

1) did not use calderos at all.

However, this household

Only
is not

cooking pot users since many uncommon cooking behaviors were

observed there.
Unlike rice cooking, most vegetable/meat cooking was conducted by ceramic cooking pots
(oppaya). Although frying pans have been common during the last two decades, they have not been
replacing the oppaya. For example, most Dangtalan households had at least one frying pan (X = 1.27,
n = 6 2 households).

Only nine households have none, while 30 households had one, 20 households

had two, and three households had three frying pans.

The number of frying pans owned per

household also has not increased markedly during the last two decades. When the number of frying
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pans owned per household is compared with that of calderos (small/ medium size) in 1975 and 1988
data (Figure 5.3), the rate of increase is much more pronounced for calderos than frying pans. In
addition, temporal changes in the number of metal pots can also be examined by the age composition
of the frying pans and calderos: among 102 frying pans recorded in 1988 in Dangtalan, 31 were
purchased on or before 1975, 44 purchased between 1976-1980, and 27 purchased between 1981 and
1988.

In contrast, age composition of calderos is dominated by the "between 1980-88" category

(Figure 5.4). This fact suggests that calderos have increased more rapidly than frying pans.
The relatively slow increase in the number of frying pans can be explained by two factors.
First, sauteing in a frying pan has not been as common as rice cooking in calderos.

This point is

discussed in the next section. Second, since frying pans can cook any amount of vegetable/meat, only
two size classes are needed to encompass all kinds of sauteing. When there is more than one frying
pan in a household, one is usually small sized (diameter less than or equal to 12 inches) and the other
is large sized (diameter larger or equal to 14 inches).

In contrast, when the Kalinga cook rice, a

cooking vessel with an appropriate volume should be selected. Thus, a larger number of calderos is
necessary in a household to handle the varying amounts of rice cooked for meals.

(2) Storage Vessels
Storage vessels consist of ceramic water jars (immosso) and plastic water containers.

As

noted in Chapter 3, the ceramic water jars are used mainly for keeping drinking water, while the
plastic water containers store water for cooking, washing, and replenishing the immosso. In Guinaang 1988, almost all households own at least one plastic water container, and all households have at
least one ceramic water jar (Table 5.1). As noted, because of their cooling efficiency ceramic water
jars have not been replaced by the more recently-introduced plastic containers.
Ceramic jars are not used for dry storage. Harvested unhusked rice is stored in a granary,
usually located outside the village, until it is transported, about weekly, to each household for the
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consumption.
household.

After threshing and husking, the husked rice grains are kept in a metal can in the
Various types of baskets are also used to store non-liquid materials (Silvestre 1994).

Thus, ceramic storage jars, specialized for water storage, have not been replaced by non-ceramic
containers.

(3) Food Serving Vessels
Traditional food serving vessels include large wooden serving plates (chuyas), coconut
eating/drinking bowls (chuyuk), and leaves of banana and other plants as individual eating plates. The
Kalinga have never had ceramic food-serving bowls. The Kalinga serve fresh cooked rice from a
cooking pot to a large communal serving plate, from which each family member takes rice to his/ her
individual serving vessel. Rice and the vegetable/meat dish are usually mixed with the fingers on
individual serving vessels while eating. Traditionally, the wooden plates, 30-40 cm in diameter, were
used for communal rice serving, and the coconuts bowls, about 15 cm in maximum diameter, were
used for eating soup and drinking wines. However, recently these wooden plates and coconut bowls
have been replaced completely by enameled metal plates in everyday household eating. Some wooden
plates are now reused as a turntable for pottery making. Coconut bowls are now used for drinking
soup only on ceremonial eating occasions in which many food-serving bowls are necessary.
Compared to ceramic vessels, wooden and metal vessels have a higher portability (i.e.,lighter
when the size is constant) and a higher durability. On the other hand, metal plates are more costly
to obtain or produce than ceramic vessels. Thus, for food-serving bowls, the need for high portability
and durability outweighs the merits of low acquisition costs because food-serving vessels are handled
more frequently than cooking and storage vessels.

(4) Summary
The above discussion is summarized as follows. First, ceramic cooking vessels have been
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replaced by metal cooking vessels in rice cooking, but not in vegetable/meat cooking. This fact is
explained mostly by cooking techniques. Second, in contrast to the ceramic rice cooking pots, ceramic
storage pots are not replaced by non-ceramic vessels. This is because they are specialized for water
storage, allowing the water inside to remain cool. In contrast, dry storage of grains and other food
materials are done by using granaries, metal boxes, and baskets. Third, ceramic vessels are not used
for food serving because non-ceramic (wooden and metal) vessels are more durable, lighter (easer to
handle), and less expensive (in case of wooden vessels). Thus, it can be said that the Kalinga select
a vessel of a particular material according to which is most adaptive for the vessel’s function. Finally,
the Kalinga do not have any vessel specialized in food processing. This is because in the rice culture
area the staple cereals are consumed in the form of grains. Unlike wheat, barley, rye, and com, rice
cooking does not need preparation such as grinding into flour and mixing with water. Thus, it can
be hypothesized that ethnic groups whose staple cereal is a "flour food" such as wheat, barley, rye,
com, or sorghum, have a greater need for specialized food-preparation vessels for keeping the flour
and mixing it with water than those whose staple cereal is a "grain food" such as rice. For example,
Puebloan com farmers used their ceramic bowls for storing com flour and mixing it with water when
they cooked "flour foods" such as piki bread, somuviki, and chukuviki (Kavena 1990).

Size Classes of Ceramic Vessels
(1) Ceramic Cooking Pots
Kalinga ceramic cooking pots are classified into three basic size categories: small (ogatit),
regular (no specification), and large (lalangan) (Longacre 1981).

One exception to the this size

classification is a LL size category (challay; larger than 20 chupas) in vegetable/meat cooking pots.
Because this classification is an "emic " one, actual cut-off points between the three size classes can
vary by individual.

Thus, the "regular" size is tentatively defined as larger than (or equal to) two

chupas and smaller than eight chupas. The dividing line between large and regular size s is set at
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eight chupas because there is a clear bimodal distribution of volume with the lower mode at 7-8
chupas (Figure 5.5). The regular and small sizes are divided at two chupas because cooking pots
smaller than two chupas (i.e.,one chupa and 1.5 chupa pots) were not commonly used by households
of average family size.

Because old parents usually live with one of their children (traditionally

younger daughter) and because newly married couples usually have a child within two to three years
of their wedding, households with fewer than three people are uncommon (22.1% of 68 households
in Dangtalan and 14.1% of 78 households in Guina-ang in the 1988 census). Since cooking pots of
one or 1.5 chupa volume are too small to be used by three people, the use frequency of small-sized
pots (ogatit) was low (Table 5.2).
These size categories reflect the context of pottery use, and crosscut the morphological
categories of ittoyom and oppaya. Longacre (1981) reported that the small/regular sized cooking pots
were used for everyday cooking, whereas the large-sized varieties were used for ceremonial or fiesta
cooking in which a large number of people were served. This statement is confirmed by the cooking
survey data: very few large-sized ceramic cooking pots (over eight chupas) were used in everyday
cooking (61/3278 for rice cooking and 43/2852), while only a small number of regular/small sized
cooking pots (smaller than eight chupas) were used in ceremonial or communal cooking. As noted,
the same trend is reported in many ethnographic cases (Rice 1987).
In contrast to the clear differentiation between the large-sized (lalangan) and the regular/small
sized pots, no bimodal pattern was observed in the regular and small pots (ogatit). This is primarily
because there is no clear functional differences between them. Although some small-sized ceramic
rice cooking pots (ogatit ittoyom) were occasionally used for cooking baby food (rice porridge), their
use frequency was not high, and small-sized vegetable/meat cooking pots (ogatit oppaya) were used
for the same function as regular/small oppaya. Thus, the difference between the small and regular
sizes is mostly explained by the amount of consumption in a household. As noted, the amount of rice
consumption can be calculated based on the age-sex composition of the household and Takaki’s index
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of rice consumption for each age-sex category.

When mean chupa volume of regular/small rice

cooking and vegetable/meat cooking pots is plotted against amounts of daily rice consumption in a
household, positive correlations (R —.498, P = 0 .0 0 0 fo r vegetable/meat cooking pots, and R = .6 9 0 ,
P = 0.000 for rice cooking pots) are observed (Figure 5.6).

(2) Water Jars
Unlike the ceramic cooking pots, water jars (immosso) do not show a well-defined size
differentiation.

Although there are small sized immosso called "imm-immosso," which are miniature

pots used for training head-carrying of a pot or produced as practice (Longacre 1981), their frequency
is very low (4/130 in Guina-ang, and 1/66 in Dangtalan).

The great majority of immosso are over

eight chupas in volume (equivalent to the large size in cooking pots: 85.4% in Dangtalan, and 89.4%
in Guina-ang in the 1988 pottery inventory.) The distribution of chupa volume does not show a clear
normal distribution, but instead there are small clusters at 10, 15, and 20 chupas (Figure 5.5). I
suspect that this is mainly because the housewives’ estimates of chupa volume for pots over 10 chupas
was not very accurate, tending to cluster around numbers that are multiples of 5.

When the

distribution of maximum diameter is examined instead of chupa volume, a more normal pattern is
observed (Figure 5.7a).
There are two reasons that water jars (including imm-immosso) are not differentiated by size.
First, water jars are not functionally differentiated, in that immosso were placed in the kitchen as a
container of drinking water. Second, the size of a water storage jar is not affected by household size.
The distributions of mean chupa volume and mean maximum body diameter for each household show
no clear correlations with the amount of daily rice consumption.

(3) Summary
The above facts suggest that the distribution of volume (or maximum diameter) shows a clear
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bimodal pattern when there is a functional differentiation by size within a pottery type. For example,
the clear differentiation of ceramic cooking vessels into large and regular/small sizes reflects the
context of cooking.

In contrast, the small and regular sized cooking pots do not show a bimodal

volume distribution because the difference between the "small" and "regular" sizes is mostly due to
variation in the amount of food processed.

Likewise, water jars do not show a bimodal size

distribution because, except for a small number of imm-immosso, their function is homogeneous
regardless of volume. Thus, it can be hypothesized that when the size distribution of a type of pottery
shows a clear multimodal pattern, there are functional differences among the pots — unless the
clustered size classes are produced by production standardization.

Morphological Differences between Cooking Pots and Water Jars
The three common types of pottery, water jars (immosso), rice cooking pots (ittoyom), and
vegetable/met cooking pots (oppaya), are distinguished by their shape and exterior decoration.

The

Kalinga distinguish cooking pots (ittoyom and oppaya) and water jars (immosso) based on the degree
of neck constriction (the neck diameter to maximum diameter ratio), the relative height (the height
to maximum diameter ratio), surface treatment, and decoration of the exterior body. These differences
can be summarized in three points.

First, compared to ceramic cooking vessels, water jars have a

more constricted neck and a taller body. Second, the most distinctive feature of water jars is their red
paint coating (Dangtalan) and red paint motifs (Dalupa) on the exterior body. Thus, decoration
seems to be one of most important features of Kalinga water jars. Finally, the water jars have a resin
coating that covers the whole exterior body (in Dangtalan) or the upper half of the exterior body (in
Dalupa).

In contrast, the exterior resin coating of cooking pots is restricted to the rim and neck

because the exterior body is subject to heat flames.
As noted in Chapter 3, Dalupa water jars recently exhibited increased variation (Stark 1992,
1993). First, a ring stand on the base appeared recently because water jars were no longer used for
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water fetching. Second, the exterior red paint motifs have replaced the traditional red paint coating.
In order to make the painted motifs more visible, the exterior resin coating was restricted to the upper
half of the body.

These changes are considered to have resulted from the need for increasing

decoration to attract consumers as well as from the reduced availability of pine resin due to
deforestation (Stark 1993). Third, a shouldered body appeared since 1980, though it is uncommon.
Since these changes did not occur in Dangtalan, where pot-making was declining, the above changes
are likely to reflect the Dalupa potters’ effort to expand their trade networks. Except for the based
ring stands, these changes are unrelated to utilitarian functions. Other basic characteristics necessary
for the water storage function are strictly maintained in the newly-introduced variants.
Kalinga housewives mentioned that the difference between the cooking pots and water jars
is more distinctive in neck constriction than in relative height.

In the distributions of neck

constriction (neck diameter divided by maximum body diameter) and relative height (height divided
by maximum body diameter) for cooking pots and water jars, a clearer bimodal pattern is observed
in neck constriction (Figure 5.8). Discriminant analysis using Dangtalan household inventory pots
(1987- 88 season) supported this "emic" criterion: water jars and cooking pots are distinguished by
neck constriction at a level of 80.5%, whereas they are distinguished by relative height by only 57.2%.
When water jars and rice cooking pots, which have more constricted necks than vegetable/met cooking
pots, are compared in a T-test, neck constriction (F = 1.46, p =0.036) is much more distinctive than
relative height (F = 1.04,p = 0.805). As noted in Chapter 3, there are abundant ethnographic examples
in which a narrow neck is an indication of the storage function. A constricted neck is efficient for
storage function because the frequency of access to the contents is much lower in storage vessels than
in cooking pots (Smith 1983; Rice 1987).
In contrast, relative height is not a good indicator for distinguishing cooking pots from water
jars (Figure 5.8). Ethnographic studies suggest that cooking pots tend to be squatter than water jars,
which are frequently tipped for pouring, because water jars can be more easily tilted when the center
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of gravity is higher (Smith 1985; Henrickson and McDonald 1983). This model can explain why
relative height is not a distinctive feature of Kalinga water jars; since water is always removed with
a metal cup without tilting the pots, the water jars do not need a higher center of gravity.
Concerning technological differences, Kalinga potters mentioned that in producing water jars
they use clays that were scraped from the interior walls of other pots during a thinning process. These
scraped clays contain fewer grains of sand than the original clay, because these particles are eliminated
by fingers during building and smoothing processes. It is commonly reported in ethnographic pot
making cases that cooking pots tend to include a greater amount of large-particle temper than storage
jars and serving bowls in order to improve thermal shock resistance. This model fits the Kalinga case.
In sum, the differences between ceramic cooking pots and water jars can be explained mostly
by utilitarian factors. Their differences in degree of neck constriction and temper size fit neatly with
the expectations of ethnographic models discussed in Chapter 3. Likewise, lack of differences in
relative height can be explained by the Kalinga manner of water jar usage.

Differences between Rice and Vegetable/Meat Cooking Pots
Rice cooking pots (ittoyom) and vegetable/meat cooking pots (oppaya) are differentiated in
terms of neck constriction, relative height, and rim angle (Longacre 1981). Rice cooking pots have
a more constricted neck, a taller body, and a steeper rim (44.0 degrees for oppaya, and 48.2 degrees
for ittoyom, after Longacre 1981) than the vegetable/met cooking pots (Figure 5.7a, 7e, 8). Kalinga
housewives stated that neck constriction is the most critical attribute for distinguishing the two types.
This emic criterion is supported by the discriminant analysis: the small/regular-sized rice cooking pots
and vegetable/meat cooking pots are distinguished by neck constriction with a probability of 90.4%,
whereas they are distinguished by relative height by 71.2%.
It should be noted that vessel volume should be controlled when morphological differences
between two types of pottery are examined.

As noted in Chapter 3, many ethnographic

and
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archaeological cases suggest that neck constriction and relative height tend to vary with pot volume
within a single pot type; the larger is a pot, the higher is the relative height, and the narrower is the
neck. This trend is observed regardless of body shape (globular or cylindrical body), bottom shape
(flat, round or pointed), or function (cooking or storage).

As expected, the same trend is observed

in Kalinga cooking pots and water jars inventoried in Dangtalan 1988 (Figure 5.7b, 7d). To control
for the effect of the volume, cooking pots inventoried in Dangtalan and Dalupa were arbitrarily
subdivided into three categories: 2- 3.5 chupas, 4- 7.5 chupas, and over eight chupas. Eight chupas
represents the cut-off point separating everyday cooking pots and ceremonial cooking pots. To have
an adequate sample size for the statistical analysis, the size category with the largest vessels, 2-3.5
chupas, is selected.

T-tests and discriminant analyses supported the above statement that neck

constriction is a more distinctive feature for separating rice and vegetable/meat cooking pots than
relative height. The discriminant analysis also showed that when neck constriction and relative height
are combined, rice cooking pots and vegetable/met cooking pots can be distinguished by probability
of 89%.
Unlike

some ethnographic

cases in Southeast

Asia, the rice cooking pots and the

vegetable/met cooking pots used for everyday cooking by the Kalinga are not differentiated in terms
of volume. In the 1988 inventory data in Dangtalan, the distributions of volume and maximum body
diameter for the fegular/small-sized ittoyom are basically similar to those of regular/small-sized oppaya
(Figure 5.5,7a). The same tendency is observed in the volume distribution of vessels in use (the
cooking survey data; Figure 5.9, Table 5.2): the mean volume of vessels used in rice cooking events
(3.4 chupa) is only slightly larger than that used in vegetable/meat cooking events (3.0 chupas). The
reason for this fact is discussed in the next section.
In addition, the histogram of vegetable/met pots has a single peak at 2 and 3 chupas, whereas
the rice cooking pots have two peaks (the major peak at two and three chupas and a second minor
one at five chupas) (Figure 5.5). The reason for this difference is unknown.
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Summary
Water jars and cooking pots are morphologically differentiated in terms of neck constriction,
base shape, and volume. Among these attributes, neck constriction is the most distinctive feature.
This fact suggests that ease of access to the vessel contents may be the major consideration in
designing the pot’s shape. Volume distribution of water jars is also different from cooking pots for
everyday use.
Within the cooking pots, rice cooking pots and vegetable/met cooking pots are also clearly
differentiated from each other; when pot volume is controlled, these two types can be distinguished
by neck constriction with 100% accuracy. Relative height is the next distinctive feature. On the other
hand, the two types of cooking pots are not differentiated in terms of volume. Reasons for these facts
are examined in the next section.

KALINGA COOKING TECHNIQUES

The Data Sources
Kalinga cooking techniques are examined in terms of foodstuffs, heating methods, food
combinations,

reheating,

heating times, water level, the frequency of stirring, adding water,

overflowing, and the duration of covering.

These analyses are based on the cooking survey and

participant observation data. The sample size, context of cooking, the range of cooking attributes
recorded, and the accuracy of the data are compared between the two data collection methods.
The cooking survey data cover a much greater number of samples (about 3340 cooking events
from about 60 households)

than the participant observation data (92 cooking events from 23

households). These are all everyday household cooking; ceremonial (or communal) cooking, merienda
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(snack) cooking, and cooking in the rice field were excluded. In addition, in order to make the
recording criteria consistent, the present analysis uses the participant observation data recorded by
the author; those recorded by my colleague, Dr. James Skibo, are excluded.
In terms of the context of cooking, the cooking survey data better represent ordinary
household cooking than the participant observation data. Because the cooking survey was conducted
by Kalinga assistants who asked housewives about the cooked materials and cooking vessels, these
records are likely to reflect ordinary household cooking. On the other hand, during the participant
observation, the observer (the author) was usually treated as a guest, and was always fed the meal by
the household

after or during the cooking observation.

Although we tried to avoid special

preparations on the part of the household by asking members not to treat us as special guests and by
announcing our visit on the afternoon or evening of the previous day so that they did not have time
to make special preparations, I still felt that at least some households made more effort than in their
ordinary cooking. For example, the higher frequency of chicken, non-traditional foods, and frying
pans in the participant observation data than in the cooking survey data are likely due to the
hospitality of the Kalinga people to guests.
Participant observation data covered a much wider range of variables with a greater accuracy
than the cooking survey data. Data on the frequency of stirring, adding water, and overflowing were
collected only by participant observation.

The cooking survey data possibly have a lower accuracy

than the participant observation data in three areas.

First, in the cooking survey data, side dishes

cooked by a combination of boiling and sauteing (i.e.,part of the food boiled in a pot was transferred
to a frying pan) and those cooked by boiling only were not distinguished. Instead, they were lumped
as "side dish cooked mainly by boiling,"because in the combination of boiling and sauteing, a majority
of the heating time was spent on boiling. Thus, due to the limited space on the recording sheet, the
use of a frying pan (sauteing) as a minor heating method was not recorded. Second, in recording the
kind of foodstuffs cooked in each cooking vessel, some minor foodstuffs might be neglected owing to
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the limited space on the recording sheet.

Third, the recording of reheating might be inconsistent

among informants (housewives) in the cooking survey data. Thus, it is expected that the frequency
of cooking events that were a combination of boiling and sauteing, that involved reheating, and that
included minor foodstuffs is more or less underrepresented

in the cooking survey data.

In sum, because each data collection method has its merits and demerits, they can supplement
each other.

Kalinga Foodstuff
Diet in the rice culture area is characterized by a clear differentiation between the staple rice
and the side dish, or "viand." Viand is an inclusive local term that includes consists of vegetables, fish,
and animal meat —virtually all non-rice foods. Foodstuff for the side dish is classified into 19 types
(Table 5.3), which can, in turn, be lumped into three groups in relation to production methods
(swidden crops, horticulture crops, arboriculture or semi-domesticated crops, or wild) and acquisition
methods (self-supplied or bartered/purchased); (1) locally-made, self-supplied foods (called "traditional
food"), (2) horticulture crops, which are produced in garden plots by a limited number of farmers
who supply consumers through barter or sale, and (3) commercial food, which is not produced locally.
Traditional foodstuffs consist of swidden crops (vegetables), arboricultural products, wild plants and
animals, and the meat of domesticated animals. These foodstuffs, except for white beans, are mostly
produced or gathered by each household for its own consumption.

Characteristics of the Kalinga rice

and the three groups of foodstuffs are described by focusing on their cooking performance.

(1) Kalinga Rice
The Kalinga mainly plant two traditional varieties of rice, onoy and oyak; they are long-grain
varieties called "bull" or more broadly "indica." Compared with the medium- or short-grain varieties
(Japonica), these long-grain varieties have the following characteristics. First, the long-grain varieties

141

are commonly grown in hotter environments such as Southeast Asia, South Asia, and the southern
and central parts of China. In contrast, the short- and medium-grain varieties are adapted to more
temperate environments such as Korea, Japan, and the northern China. Second, they are less sticky
then the medium or short varieties because they contain a lesser amount of amylopectin in relation
to amylose. Thus, they are suitable for the "water taking method" of rice cooking (Nakao 1972), and
for eating with the fingers. On the other hand, the medium grained variety of rice, growing in Korea
and Japan, and called "Japonica," is stickier and thus is usually cooked in the "dry-up method."
Therefore, these different rice varieties have different performance characteristics, which in turn affect
cooking techniques and eating manners.
Both onoy and oyak have glutinous varieties, called "chaycot," as well as regular ones. The
productivity of chaycot is 20% less than the ordinary varieties (Takaki 1966). Chaycot are used for
making rice cakes, which are cooked in a variety of ways for ceremonies and feasts.

The use of

glutinous rice varieties for ceremonial food is a common characteristic of the rice culture area.
The Kalinga plant other minor local varieties of rice in addition to onoy and oyak, including
black rice (intan) and non-traditional hybrid varieties. The Kalinga use many rice varieties in order
to diffuse the risk of a crop failure (Takaki 1966; Lawless 1966). The Kalinga also prefer traditional
rice varieties to hybrid even though the productivity of the traditional varieties is lower. Lawless
reported that even though some Kalinga farmers tried to introduce non-traditional rice varieties, they
had not become common. This is probably because the hybrid varieties require more fertilizer and
are more susceptible to diseases.

This fact suggests that the Kalinga accept modem materials and

technology only when they are positively adaptive to their environment and compatible with their way
of life.

(2) Sw idden C rops

Swidden crops, including beans and peas, squash, potatoes, sayote, and eggplants, are by far

142

the most important ingredients for Kalinga side dishes.

Among them, beans and peas have been

consumed most frequently because they possess three advantages. First, beans are rich in protein and
maintain the nitrogen level of the field. Traditionally beans were planted in combination with rice
in swidden fields. After the rice-paddy had replaced swidden rice, beans became the dominant plant
in swidden farming. Second, beans can be stored for a longer time than other vegetables because of
their hard shells. Third, there are many bean varieties, each of which has a unique ecological niche
and seasonal availability. For example, cordis peas are planted in swiddens in June or July (the early
part of the wet season) and harvested in March (Lawless 1977:49). Thus, they can be stored for dry
season consumption when vegetables are generally scarce.

In contrast to the cordis peas, whose

harvest is seasonally limited, white beans and mongo beans are available almost year-round because
they grow twice a year (harvested in April-May and October-November)

and they can be harvested

after three months from their planting (ibid:49), making them available almost the entire year. The
mongoe beans, which prefer cold weather, are planted in swiddens at higher elevations (uma), while
the white beans are mainly planted in swidden plots at lower elevations (kaigan).

These wide

variations in seasonality and locations allow the Kalinga to reduce the risk of total crop failures.
White beans (ogwilas, or string-beans), peas (cordis), and mongoe beans (balatong) comprise
three major types of beans.

Other minor varieties include string beans (ngulay), climbing beans

(palda), and wing beans (ulling). White beans, the variety consumed most frequently, are sometimes
sold or bartered in town as well as consumed locally, but other beans are grown exclusively for
household own consumption. Beans have the following cooking characteristics. First, because of their
hard shells, beans need prolonged boiling until they become soft enough to eat. This is especially true
for white beans. In order to shorten the heating time, white beans are sometimes parched in a frying
pan and pounded in a pestle into small pieces before boiling. During prolonged boiling, attention is
paid to the water level of the pot to avoid overflowing. Second, prolonged boiling produces a broth
as well as boiled beans themselves.

The broth (or soup) is either served with (called "inton") or
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without the beans.
Green leafy vegetables, collectively called "latong,"are a second common food. Their swidden
varieties consist of (a) leaves and stems of camote, taro (wild and domesticated), squash, sayote,
ampalaya, and pepper, and (b) crucifers (pechay or Chinese cabbage). Green vegetables also include
such wild plants as fern (pakpako), field weeds (amti and alinak), and water cress (tongsoy). Among
them taro leaves and stems are by far the most frequently consumed. Wild taro, grown near creeks
or a rice-field, are collected mainly for their leaves and stems rather than their roots.
Squash, the third most common food, occurs in two varieties: white squash (tabungao) and
yellow squash (calabasa).

Ampalaya, another cucurbit plant grown wild (papayit) as well as planted

(pal- paly a), are small in size and bitter.
Root crops include sweet potato (camote), taro (gabi), and potato (patatas). Cassavas (lobug)
are present but rarely consumed; only one case was recorded in the cooking survey. Camotes can be
planted anytime and can be harvested every three months for eight years (Lawless 1977). Taro, grown
wild or planted in swiddens or along rice fields, can also be planted anytime but is harvested for only
one year every three months (ibid.). Leaves and stems of camote and gabi are more often consumed
than their roots. Thus, these root crops are more important as a source of vitamins (or as a green
vegetable) than as a source of carbohydrates (or as a root crop). These roots crops became less and
less important as a source of carbohydrate after the introduction

of rice.

Japanese botanists

hypothesized that, although there is no direct archaeological evidence, these root crops must have
been one of the major foods before rice was introduced (Sasaki 1971). Sayote, whose fruits, leaves,
and stems are also consumed as well as the roots, are grown in cooler environments.

Sugar cane is

planted in swiddens to make the traditional Kalinga wine, basi.
Maize was common in the Pasil area until the 1920s, and was still planted on a small scale
in the 1970s in swiddens (Lawless 1977, Takaki 1977, Dozier 1966:134). The Pasil Kalinga planted
maize in May or early June and harvested in March through September in the 1970s (Lawless
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1977:50). However, during 1975-76 and 1987-88 no maize was observed —either grown or consumed.

(3) Arboricultural Plants
Takaki defined the arboricultural plants as those which are protected and cultivated as sources
of fuel, materials for tools, utensils and houses, food for human and animals, and cash crops (Takaki
1977:140). They are semi-domesticated plants: although they are not given much care in weeding nor
given any fertilizer, they may be selected as protected plants or deliberately transplanted from their
original habitats (ibid.). In the Pasil Municipality, common arboricultural crops include jackfruits
(lamka), bamboo (alibong), rattan (pa-it), papaya, avocado, coconut (iyug), coffee, banana, and
star-apple. Except for bamboo and rattan, they are fruits crops grown in trees (however, bananas are
in fact grasses) near ricefields or swidden fields. Coconuts and star-apple trees are grown within the
village as well.

These plants are available year-round, and are taken from the trees just before

cooking.
Among the arboricultural crops jackfruits are consumed most frequently.

Unlike the fully

domesticated, huge and sweet jackfruits in the lowland, the Kalinga jackfruits are smaller (at most 50
cm in height), taste like bamboo-shoots, and are eaten as a vegetable rather than as a dessert fruit.
They are cut thinly and cooked by boiling.
Papayas, a delicacy in the Kalinga diet, are grown near rice fields and swiddens. Coconuts,
bananas, and star-apples are consumed as a kind of snack rather than as a side dish. Coconuts, as an
important source of sweet flavor, are also used for flavoring rice-cakes (chaycot).
Bamboo and rattan shoots are important as raw materials for crafts as well as for food.
Bamboo is used for house walls, for basket making, as strips to bind rice bundles during the harvest,
and as a cooking container for red ants. When used for walls, bamboo is cut in half halves, pressed
into flat sheets, and woven into house walls. Rattan shoots are the most important raw material for
baskets made by part-time male specialists, but are not as easily available as bamboo because they only
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grow in limited areas in the mountains.

However, rattan is more readily available in the village

Guina-ang than in other villages because it is rich in forest resources. Thus, basket-making is active
in Guina-ang (Stark 1994). Rattan shoots, bitter but tasty, are cut into short pieces (10-15 cm length)
and boiled in a pot.
Coffee is the most important cash crop for the Kalinga, and its economic importance has
increased through time. The Kalinga themselves consume coffee everyday, in the morning and with
a meal and snacks between meals (merienda), even though most of the coffee beans they produce are
sold in town.

Coffee beans are roasted by the Kalinga in a reused roasting pot until their color

changes from green to brown, and then are pounded with a pestle and mortar. The pounded coffee
powder, usually stored in a tin can, is put directly into boiling water in a ceramic pot or a metal kettle,
rather than using a filter. A large amount of sugar is usually added and the pot is stirred. After the
coffee powder settles to the bottom of the pot, the coffee liquid is served in a metal cup. In addition,
although avocados had been consumed in a quantity during the 1975-76 season (W.A. Longacre,
personal communication),

no avocado was consumed during the cooking survey or participant

observation in 1988.

(4) Meat
Domesticated animals, including water buffaloes (carabao), pigs, dogs and chicken, and a few
wild animals (ducks) are consumed only on ceremonial or fiesta occasions.

Duck is eaten only

occasionally since hunting recently has contributed very little to the Kalinga diet. They are always
cooked by boiling, and never roasted. Pigs, dogs, and chicken are first heated over flames to bum off
the hair. After the singed hair is scraped off, they are butchered and cut into small pieces with bones
still attached.

(5) W ild F oods

Finally, these small pieces of meat with bones and skin are boiled in a pot.
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Wild plants consumed by the Kalinga include leaves and stems of leafy plants, field weeds
(amti and alinak), water-cress (tongsoy), and mushrooms.

Leaves and stems of taros and ampalayas,

either domesticated or wild, are consumed frequently. They are also used as a pig food (Takaki
1977:159,Lawless 1977). Wild gabi (pecao), a taro-like herb plant, grows near creeks or rice paddies.
Amti and alinak are gathered in swidden fields or rice paddies. In the village of Uma, amti used to
be cooked with rice into a watery gruel (Takaki 1977), while in the Pasil area, amti is always boiled
in a pot without being mixed with rice. Water cress is gathered in rice paddies or at a spring. Fungi
are consumed only occasionally as a delicacy, and are smaller in size than those grown in the lowland.
Wild animal foods, other than duck, consist of fish captured in paddies, land snails, fish eggs
(bagatol), and red ants (alaga). Small eels (called Japanese fish or palispis), small gastropods (binga),
and fish eggs (bagatol), are gathered in rice fields with the hands or in small fish traps. Thus, the rice
field provides the Kalinga with a variety of fish, snails, and wild plants as well as rice. The importance
of the rice field as a source of protein (fish) is suggested in many parts of Southeast Asia (Ishige 198). Fish traps, woven of bamboo strips and bottle-shaped with a conical entrance at the bottom, are
used by males to catch eels. Even 15-years-old children can make these fish traps. Snails and eggs
are gathered in rice fields mostly by females.6

(6) Horticultural Crops
Horticultural

vegetables include mini-tomatoes,

onions (sibyas), long-onions, cabbages

(pullyo), and cucumbers. The production of these horticultural crops differs from that of the swidden
crops in four ways.

First, horticultural plots are privately owned because they are located within

or near a village settlement.

In contrast, swidden fields are communal property, because they are

located on the steep slopes in the mountains, and because they are shifted in a rotation of three to
five years.
Second, horticultural fields are provided with organic fertilizers and require constant care such
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as weeding. Horticultural crops cannot grow in the mountains because they need this constant care.
In contrast, swidden crops are not given much care after planting. Swidden fields are located in the
mountains mostly far from the village (a 30 min. walk from the village is common) because a large
area of fields is needed for shifting cultivation. However, eggplant (taron or balas-si) has been grown
in swidden as well as in garden plots within or adjacent to the village. As is discussed below, the
cooking behavior of eggplant exhibits features somewhat in-between the swidden and horticultural
crops.
Third, horticultural crops are grown by a limited number of farmers. This is probably because
the land available is very limited within or near villages. Thus, most of the households obtain these
plants through barter or purchase.

Because of their limited availability, they are usually cooked in

small quantities. In contrast, most swidden crops (except for white beans) are produced for household
consumption rather than for trade. Most households are engaged in swidden farming.
Finally, horticultural plants are mostly of Western origin, and were introduced to the Kalinga
relatively recently. In contrast, most swidden crops are traditional Kalinga crops.
These horticultural crops have two cooking features.

First, since these plants do not have

hard shells, they do not need prolonged heating. As is noted below, most of the horticultural crops
are cooked by sauteing in a frying pan.

Second, because they do not contain protein and

carbohydrates in quantity, they cannot by themselves constitute a complete side dish. Since these
plants are rich in vitamins, they are mainly used for flavoring the staple rice and major vegetables
(beans, squash, potatoes).
To summarize, differences between the horticultural and swidden crops in location of fields,
land ownership, amount of effort given to farming, the degree of self-sufficiency, nutritional features,
performance characteristics in cooking, and cooking techniques are closely interrelated.

(7) C om m ercial F oods

148

Commercial foods, including canned sardines, dried fish, rice noodles (bihon), salted and
fermented fish gut (bago-on), and such seasonings as salt and sugar, are purchased or bartered for in
town (Tabuk, the capital of Basil Municipality), or are obtained from a walking store from Lubuagan
(see Figure 4.1), or at a small local store. There is about one small store in each of the three villages.
The Kalinga barter (with rice) or sell such products as candies, snacks, liquor, soft drinks, cigarettes,
seasonings, dried fish, and canned food. They usually do not sell vegetables.
Canned sardines and dried fish are the major sources of calcium. Wild fish are consumed in
much lower quantities and less often than the purchased or bartered dried fish.
Rice flour noodle (bihon) is a popular food in Southeast Asia.

However, in contrast to

mainland Southeast Asia where the rice flour noodle is consumed as a noodle-dish, the Kalinga use
it as but one ingredient in a sauteed-dish.
Almost all Kalinga dishes are seasoned with salt. Salt is obtained from a walking store or in
towns. Recently monosodium glutamate, called Ajinomoto, has become popular because it contains
glutamine acid, the source of flavor in soy sauce, soybean paste, and seaweeds. Fermented fish (bagoon) is very salty. It is used for seasoning vegetables and is eaten with rice. In addition, chili and garlic
are also occasionally used as seasoning. Thus, Kalinga dishes are not heavily seasoned so as to permit
the original flavor of the vegetables to be tasted. For rice cakes, sugar, coconut milk, and coconut
oils are frequently used.
These commercial foods have three characteristics.

First, most can be preserved for a long

time, and thus are available anytime. Second, these foods, except for bag-on, were introduced to the
Kalinga relatively recently along with a cash economy.

Lawless (1977) mentioned

that the

introduction of canned sardines, dried fish, and fermented fish (bago-on) gradually reduced the dietary
importance of some of the traditional leafy plants.

Their introduction is related to the increasing

importance of commercial plants, such as coffee. Dried fish are obtained from a walking store.
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(8) Relative Frequency of Foodstuffs
The relative frequency of the above foodstuffs consumed by the Kalinga is calculated based
on the cooking survey and participant observation data.

Table 5.3 shows the categorization of

foodstuffs. The 19 food types are grouped into six categories (swidden crop, arboricultural crop, wild
food, animal meat, horticultural crop, and commercial food), and are then further classed into
traditional food (the first four food types) and non-traditional food (the last two). In categorizing the
foodstuffs, the following treatments were made for the sake of convenience. First, although the fish
category includes local fish as well as commercial canned sardines and dried fish, all are tentatively
lumped under the category of "commercial food" (and "non-traditional food") because the frequency
of local fish consumption is much lower than that of the canned sardines and dried fish. Second,
although some leafy vegetables are grown wild (fern, wild weed, and water cress) or grown either wild
or domesticated (gabi and ampalaya), they were all tentatively lumped' under the category of swidden
crops.
The following methods were used for counting foodstuffs.

First, when more than one

foodstuff was cooked in a cooking pot (called "multiple food cooking"), each foodstuff was counted
separately.

This is because some foodstuffs are usually cooked as minor ingredients together with

other major foodstuffs. As a result, the total number of foodstuffs is larger than the total cooking
events. Second, some swidden crops were often served as two side dishes: for example, after beans
were cooked in a ceramic pot, a portion of them was transferred to a frying pan in which they were
sauteed with other foodstuffs. These beans were served as a beans-in-soup (from the cooking pot) and
as a sauteed dish (from the frying pan). Since beans have hard shells, they need to be boiled until
they become soft before being sauteed. Because the unit for counting foodstuff is each side dish, the
beans were counted twice in these cases. However, when the entire foodstuff cooked in a pot was
transferred to a frying pan, the foodstuff was counted only once.

Finally, cases with no side dish

cooking (45 cases in the cooking survey data) and those with unidentified foodstuffs were excluded
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In the cooking survey data, the relative frequency of foodstuffs shows the following
characteristics.

First, traditional foods were consumed far more frequently than horticultural crops

and commercial foods (Figure 5.10b).

As noted, this is because the horticultural

foods and

commercial foods were not major sources of nutrients, and because the availability of the horticultural
and commercial foods was limited.
Second, among the traditional foods, swidden crops were consumed much more frequently
than arboricultural plants, meat, and wild foods (Figure 5.10b). The most frequently consumed foods
include leafy vegetables, beans and squash, all of which are swidden crops (Figure 5.10a). The leafy
vegetables and beans especially were consumed almost every day. The swidden crops were consumed
frequently because they are important sources of protein (beans) or vitamins (leafy vegetables), and
because meat was eaten only at ceremonies or in fiestas. It is likely that the lack of meat in everyday
food does not cause any nutritional problems because of the consumption of a large amount of beans.
Third, the leaves and stems of potatoes (sweet potatoes and taro) are consumed most
frequently among the leafy vegetables, and eaten more frequently than their roots. These root crops
are thought to have been the staple food until rice was introduced a long time ago (Sasaki 197-).
Thus, it is hypothesized that after rice became the staple, the dietary importance of rootcrops as a
carbohydrate source decreased through time.

As a result, their leaves and stems (as sources of

vitamins) became more important than their roots.
Finally, among the non-plant food resources, fish is more important than meat and others,
even though the availability of local fish is limited in the mountainous environment of the Kalinga
region. (Figure 5.10a). Among fish, canned sardines and dried fish were consumed much more
frequently than the local fish caught in rice paddies.

Since river fish are not abundant in the

mountain areas where rivers run in deep valleys, the Kalinga obtain fish and other aquatic food
resources from their rice paddies. Dietary research conducted by Catherine Castaneda suggested a
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SWIDDEN CROPS
1) BEANS/ PEAS: white beans (ogwilas), mongoe beans (balatong), peas (cordis), and other beans.
2) LEAFY VEGETABLES: gabi-leaves (lichoy), gabi-stem (amlang), potato top (loted), squash top
(langsaw), sayote top, crucifers (pechay), ampalaya leaves (papayit, orpal-paya), pecaw leaves, peppertop, and chili-top ; wild leafy vegetables such as fern (pakopako), field-weed (amti, alinac), and water
cress (tongsoy).
3) SQUASH: white squash (tabungao) and yellow squash (calabasa)
4) POTATOES: sweet-potato (camote), potatoes (patatas), taro (gabi), cassava (lobung)
ARBORICULTURAL CROPS
5) JACKFRUIT (lamka)
6) PAPAYA
7) BAMBOO (alibong)/ RATTAN (pa-it)
WILD FOOD
8) MUSHROOM: brown-fungi (inapod)
9) SNAILS/ FISH EGGS: land snail (binga), fish-eggs (bagatol)
10) HEARTS of banana and squash
11) RED ANT (alaga)
(LOCAL FISH)
ANIMAL MEAT: water-buffalo (carabao), pig, dog, chicken, and duck
HORTICULTURAL FOOD
13) EGGPLANT (talong)
14) LONGONION/ ONION
15) TOMATO
16) CABBAGE
17) CUCUMBER
COMMERCIAL FOOD
18) NOODLE: noodle made of rice flour (pansit, bihon)
19) FISH: canned sardines, dried fish (bilis), and local fish such as eel (palispis) and mudfish

TABLE 5.3 CATEGORIZATION

OF KALINGA FOODSTUFFS

T able 5 .4

Nianber(% )

Frequency of M ultiple-foo Mean heating
sauteing(%) cooking(%)

Mean vessel

time (min.)

volume (chupa

Beans

669 (19.9%)

3.72%

17.0%

47.3 (146)

3.43

Leafy vege

721 (21.5%)

16.95%

20. 6%

29.0 (85)

2.7

Squash

304 (9.0%)

8. 88%

31.1%

28.0

2.98

Potato

286 (8.5%)

21. 8%

28.7 (31)

3.27

Jackfruits

252 (7.5%)

2.67%

11.5%

42.0 (38)

3.26

92 (2.7%)

4.21%

15.8%

26.9 (8)

3.28

138 (4.1%)

6.58%

6. 6%

31.7

3.35

8.98%

26.9%

54.4 (10)

3.94

20.0 (2)

2.41

38.8 (4)

2.48

31.0 (6)

2.63

Papaya
Bamboo/rattan

11.5%

Meat

66 (2.0%)

Mushroom

46 (1.4%)

10. 2%

Snail/bagatol

49 (1.5%)

7.62%

10. 2%
22. 8%

Heart

49 (1.5%)

5.77%

5.8%

Red ants

49 (1.5%)

18.0%

10. 0%

21.7 (7)

3 .2

Eggplant

157 (4.7%)

26.2%

40.2%

22.6 (25)

2.57

Onion/longonion

63 (1.9%)

57.89%

92.1%

14.3 (4)

2.69

Tomato

35 (1.0%)

65.71%

88. 6%

19.7 (6)

2.38

Cabbage

34 (1.0%)

22. 86%

45.7%

20.7 (9)

3.08

308 (9.1%)

65.37%

20.3%

38.3 (10)

3.11

45 (1.3%)

50.0%

85.1%

29.8 (5)

3.36

3361 (100%)

100%

100%

Fish
Noodle

Total

Table 5 .4

Cooking behavior for each food
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shortage of calcium among the Kalinga (Castaneda 1990); it is hypothesized that because of the
calcium shortage, the Kalinga came to rely on commercial fish.
The participant observation data (Figure 5.10a, Table 5.4) generally support the above
statements except at the following points. First, the most distinctive difference is that the frequency
o f horticultural crops (especially the onions/long onions) relative to swidden crops is much lower in
the cooking survey data (8.6% and 58.9%, respectively) than in participant observation data (23.%
and 47.5%; Figure 5.10b, Table 5.4). Second, among swidden crops, the frequency of green leaves in
relative to beans/peas is much lower in the cooking survey data (21.5% and 19.9% ,respectively) than
in the participant observation data (9.3% and 27.1%; Figure 5.10a).
These two differences are likely to have resulted from a difference in the categorization of
cooking methods.

As noted in the cooking survey data, a side dish cooked by a combination of

boiling and sauteing was recorded as "mainly boiling," and thus, the minor part (sauteing) was not
recorded.

Because the horticultural crops and leafy vegetables were cooked more frequently by

sauteing than other traditional foods, and because they tend to be cooked, as a minor ingredient, with
other traditional foods (the frequency of being cooked with other traditional foods is higher than
other traditional foods), they were sometimes not recorded in the cooking survey.
However, it should be noted that because of the "guest effect," side dishes recorded by
participant observation tended to include more foodstuffs than ordinary side dish cooking; thus, the
frequency of minor foodstuffs (such as horticultural crops and leafy vegetables) in the participant
observation data is likely to be higher than that of ordinary cooking.

The actual frequencies of

horticultural crops probably lie between the cooking survey data and the participant observation data.
In addition, in interpreting the above results, it is necessary to consider seasonal variation,
although seasonal variation in the semi-tropical environment of the Kalinga region is not as distinctive
as in temperate regions. The following are some examples. First, the period of the cooking survey
and participant observation, April to middle May, was the beginning of the harvest season, which
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lasted until late May. The harvest season is one of the busiest times, and the Kalinga often cook
lunch in the field.

Since frying pans were not used in field cooking, the relative frequency of

foodstuffs that are more frequently sauteed than boiled (i.e.,horticultural and commercial foods) may
be underrepresented.

Second, among the three types of beans/peas commonly consumed by the

Kalinga, white beans and mongoe beans are available during the whole year, whereas peas (cordis)
are available mainly during March.

The fact that cordis peas were consumed more frequently

(264/725 = 36.4%) than other kind of beans may be explained by the fact that the cooking survey was
conducted just after their harvest.

Kalinga Heating Methods
The Kalinga use five major heating methods: (1) rice cooking, which is a combination of
boiling and simmering, (2) vegetable/met boiling, (3) sauteing of vegetables in a frying pan, (4) rice
cake cooking by boiling or steaming, and (5) roasting of chili, beans, and coffee.

Among them

roasting played only a minor role both qualitatively (i.e.,dietary importance of the cooked foods) and
quantitatively (i.e.,the frequency of cooking events). Cooking techniques that can do without cooking
pots such as direct roasting, underground steaming, and eating raw, are absent or extremely rare.
(1) Rice Cooking
The stages of rice cooking and the differences in cooking methods between the water-taking
method (for the long-grain varieties of rice) and the dry-up method (for the short- and medium grain
varieties) are examined.
1-1. Stages of the water-taking method
The Kalinga method of rice cooking is a typical "water-taking method" (Nakao 1972), which
consists of four stages.
1.

Preparation.

First, eight to twelve leaves (apin) are placed on the interior body of a rice

cooking pot in order to prevent carbonized rice grains from sticking to the wall. The lining of leaves
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is always done in ceramic rice cooking pots (ittoyom), while metal rice cooking pots (calderos) can
skip this process because carbonized rice can be cleaned more easily from metal walls.

Thus,

housewives who used both ceramic and metal rice cooking pots mentioned that they were forced to
use metal pots when they did not have enough leaves for the lining.
Next, a certain amount of rice measured with a one-chupa tin can is rinsed in a plastic
container or any ceramic pot, and put into the rice cooking pot up to the mid-point of the body.
Then, water is added up to the neck.

Because the amount of water and rice placed in a pot is

constant, a housewife always selects a rice cooking pot that is appropriate for the amount of rice being
cooked. Thus, as noted, a three-chupa cooking pot is one in which three chupas of unhusked rice is
cooked, rather than one whose volume is three chupas. The filled pot is set on the fire stands and
heating begins. The fire stands are a set of .three ceramic or stone stands placed on the hearth. The
distance between the stands can be adjusted to fit the pot size.
2. Intensive heating.

The pot is heated intensively with large flames until the water starts

boiling and flowing out from the rim. The intensive heating stage usually lasts for 15 to 25 minutes,
depending on vessel volume. A metal lid is always put on the pot and no stirring is done during this
stage. By the end of this stage the rice grains absorb water and expand up to the neck, though the
grains are still hard inside. The overflowing of water signals the transition to the next stage.
3. Water-taking and light heating. When the water boils, the metal cover is taken off and two
to three cups of water are removed by using a coconut ladle. Then, the rice is stirred several times
with a stick (the handle of the ladle) to promote an even distribution of water in the pot. Finally, the
cover is put back and the pot is heated for several more minutes with a lower flame.
4. Simmering. After several minutes of light heating, the pot is removed from the stands and
placed just beside the fire (between the fire stands) for simmering. A rattan pot holder (batotai) was
used to move the pot. By that time, the rice grains have expanded up to the neck, although much
moisture is left in the pot. Just before the pot is removed from the stand, hot coals are taken from
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the fire and spread on a mud hearth floor beside the flames. The pot is placed on the coals so that
it is heated from the bottom by the coals as well as from the sides by flames. The coals also stabilize
the round-based pot on the hearth floor. During simmering, the pot is rotated about 120 degrees
several times (approximately every five minutes) so that all sides receive an equal amount of heat from
the flames. When the rice is thought to be fully cooked, the pot is moved from beside the fire to a
corner of the hearth or put on a pot rest outside the hearth.
1-2. Differences between the water-taking method and the dry-up method
The above water taking method differs from the dry-up method in six ways. First, in the dryup method rice is usually soaked in water for more than 10 minutes. In contrast, there is no water
soaking in the water-taking method.
in the water-taking method.

Second, the amount of water added to a unit of rice is greater

Third, in the dry-up method, rice is first heated gradually with a lower

flame before intensive heating in order to make the rice grains absorb more water and expand. By
contrast, in the water-taking method, the pot is heated intensively from the beginning. Fourth, in the
dry-up method, water is not removed during heating, and there is no stirring.

The cover is never

taken from the pot until the rice is cooked. These procedures are intended to make the rice grains
absorb more water by having higher pressures in the pot. In contrast, in the water-taking method,
several cups of water are removed when the water boils. Fifth, in the dry-up method, the pot is not
removed from the stands until most of the interior moisture is gone and the rice grains have become
soft. In contrast, in the water-taking method, the pot is removed from the stand when the pot still
contains much moisture. Finally, in the dry-up method, the pot is kept away from the fire during the
simmering stage in order to retain a layer of moisture on the surface of the grains. In contrast, in the
water-taking method, the pot is heated intensively from the sides by direct flames as well as from the
base by coals.
These six differences are interrelated in the following manner.

In the dry-up method, the

major concern is to create a layer of moisture on grain surfaces. Scientific research on the medium-
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grain rice reveals that the rice varieties which are ranked higher and considered tasty always have a
distinctive moisture layer on the grain surface (REF).

In order to produce the moisture layer, it is

necessary to (1) soak the rice grains in water to encourage water absorption, (2) apply pressure to the
contents of the pot by use of a lid, and (3) gradual simmering. Since no water is taken out in the
course of heating, a smaller amount of water (rice:water = 1:1) is put into the pot at the beginning.
Gradual simmering usually requires that excess moisture be driven out.
On the other hand, the water-taking method seeks to remove the moisture layer from the
grain surface.

The more intensive heating with a larger amount of water than the dry-up method

tends to make the rice grains absorb water as quickly as possible. Once the rice grains absorb enough
water and expand, attention is paid to removing the surface moisture in the following ways. The first
is to remove two to three cups of water during the light heating stage. Then, the pot is removed from
the stands while it still contains much moisture in the upper/ middle body. This is probably because
intensive heating from the base would bum the rice grains in the lower body when the surface
moisture is removed from rice grains in the upper body. Thus, in order to prevent carbonization of
rice grains in the lower body, the pot should be removed from the stands when the upper body retains
excess moisture, but the basal part contains almost the right amount of moisture. The excess moisture
in the upper/ middle body is eliminated by the intensive heating from the sides during the simmering
stage.

(2) Vegetable/Meat Boiling
When a rice cooking pot is removed from the fire stands, a vegetable/meat pot or a frying pan
is set on the stands. This procedure is time-efficient in that more time-consuming vegetable/meat
cooking is done while the rice simmers. However, when vegetables that need prolonged heating (i.e.,
beans or peas) are cooked, their heating is sometimes separated into episodes —before and after the
rice cooking.
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The cooking survey data show that most vegetable/meat was cooked by boiling in a ceramic
(or metal) cooking pot (82.2% of 3397 meals), rather than by sauteing in a frying pan (14.2%). On
some occasions, side dishes were prepared by a combination of boiling and sauteing (2.3 %): either
the two side dishes, one boiled and the other sauteed, were prepared or a foodstuff was boiled in a
cooking pot, and then transferred to a frying pan in which the food material was mixed with other
foodstuffs.

However, the participant observation data show a distinctly higher frequency of the

boiling-sauteing combination (52.0% of 50 meals) and a distinctly lower frequency of "boiling only"
(44.0%) than the cooking survey data. Two factors can explain this discrepancy. First, it is likely that
in the cooking survey data, most of the cases in which a side dish was prepared by the combination
of boiling and sauteing were recorded as "boiling only," probably because the informants (housewives)
thought that the sauteing, which usually takes much less time than the boiling part, was not worth
recording. Second, as noted, the participant observation is likely to overrepresent the frequency of
"the combination of boiling and sauteing" because more effort was often made in these cooking
activities than in ordinary cooking because of the "guest effect."

In addition, the fact that the

frequency of "sauteing only" is higher in the cooking survey data than in the participant observation
data can be explained by the above reasons.

In sum, it is likely that the actual frequency of the

combination of boiling and sauteing lies somewhere between the two data sets, and is probably a little
closer to the participant observation data.
Vegetable/meat boiling differs from rice cooking in terms of heating time, intensity of heating,
amount of contents (the water level), amount of moisture, and the frequency of stirring, adding water,
overflowing, the use frequency of a lid, and the frequency of reheating. Some of these differences are
examined below. Other features are examined in the next section.
1)

Intensity of heating. A vegetable/meat cooking pot is heated with a lower flame than a rice

cooking pot in order to avoid overflowing. Overflowing, which may douse the flames, should be
avoided in vegetable/meat boiling because some traditional Kalinga vegetables with hard shells require
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long, gradual boiling. Thus, water is sometimes added to the vegetable/meat pot when its water level
declines.

In contrast,

rice cooking pots are heated intensively until the water starts boiling and

overflowing. The overflow signals the transition to the next stage, and does not cause any problem
because, after the overflow, the flames are reduced to avoid burning the rice grains.
2) Amount of moisture. Vegetable/meat cooking pots always hold abundant water to prevent
overflowing, while in rice cooking most water is gone by the end of the light-heating stage. Thus, the
rice cooking pots experience a much greater thermal stress than vegetable/meat cooking pots because
thermal stress is much greater when a vessel is heated with little water inside. On the other hand,
a cooking pots with abundant water inside do not experience as much thermal stress because water
prevents the wall temperature from rising above a certain point (usually 110-120 centigrade degrees).
3) Direction of heating. Vegetable/meat cooking pots are heated only from the bottom, while
rice cooking pots are heated from the sides during simmering as well as from the bottom. Thus, it
is hypothesized that rice cooking pot probably experience a greater thermal stress during the
simmering stage than in the intensive heating stage because water is almost gone in the simmering
stage.
4) The need for moving a hot pot. Rice cooking pots need to be moved from their stands
to the hearth floor for simmering.

Since rice cooking pots are heated by a higher flame than

vegetable/meat cooking pots, their necks become hotter when the pot is removed from pot stands for
simmering. Thus, the need for carrying a hot pot is greater in rice cooking than in vegetable/meat
cooking.

(3) Vegetable/Meat Sauteing
Sauteing in a frying pan is characterized by the short duration of heating and by a greater
variety of foodstuffs cooked together.
of oil is used.

Compared with Western sauteing, a relatively small amount
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The frequency of sauteing varies with food types. Foodstuffs that were sauteed in over 50%
of all cooking events in the cooking survey data include tomatoes, onions, long onions, sardines,
canned fish, dried fish, and noodle, while those which were sauteed in less than 25 % of all cooking
events

include

beans,

green

leafy vegetables,

squash, jackfruits,

potatoes,

sayote, papaya,

bamboo/rattan, meat, mushroom, snail, alaga, hearts of banana and squash, and local fish (eels)
(Figure 5.12, Table 5.4). Thus, the commercial foods and horticultural plants are mostly sauteed,
whereas almost all traditional foods are mostly boiled (Figure 5.11). The same tendency is observed
when the unit of analysis is the household: when the frequency of non-traditional

food in each

household is plotted against that of sauteing in the household, a strong positive correlation (R =0.783,
P =0.000) is observed (Figure 5.13). This tendency is likely to have existed since the introduction of
frying pans. Data on the uses of frying pans collected in Dangtalan 1975 suggest that frying pans were
used mainly for dried fish. Thus, there has been a tendency to cook non-traditional

foods by a

non-traditional heating method (i.e., sauteing in a frying pan), whereas traditional Kalinga foods are
cooked by the traditional heating method (i.e.,boiling in a ceramic cooking pot).

(4) Rice Cake Cooking
Chaycot is a rice cake made of a glutinous variety of rice. The context (i.e., when chaycot is
cooked) and method of heating chaycot are now examined. Concerning the context of cooking, chaycot
is cooked for (1) communal consumption at ceremonies and fiestas, (2) communal consumption for
feeding workers in rice harvesting, rice planting, and house construction,
consumption between meals snacks (merienda).

and (3) household

Each of the three cooking occasions is discussed

below. Chaycot is especially important for ceremonies such as the "posi-posu" (a festival hosted by
a wealthy household to celebrate the head of the household) , barrio fiesta, Christmas, peace pact
renewals, school graduation ceremonies, and weddings.

Thus chaycot is cooked in almost all

ceremonies except funerals. On these communal eating occasions, chaycot is either cooked
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communally at a particular place (e.g.,the host’s house or the central plaza) or cooked in several
individual houses and brought to the ceremony place.

Chaycot is also frequently cooked to feed

workers during harvesting, planting, and house construction.

In the cooking survey data, seven cases

of chaycot cooking in the field house (including a granary) were recorded; most of them were for
feeding workers who helped in rice harvesting.

Finally, chaycot is cooked in a household as

between-meal snacks (merienda) or household celebrations.

Although the cooking survey data

recorded only two occasions of household chaycot cooking (2/3075 cooking events=0.06% ), this figure
is obviously too low because the cooking survey data did not include snacks served between meals
(merienda).

In fact, we were sometimes offered chaycot between meals in several Guina-ang and

Dangtalan houses.
The Kalinga cook more than ten kinds of rice cakes. In Bontoc, chaycot was classified into
three types based on the heating method: water steaming (tofu), boiling (ginitaan), and a combination
of boiling and steaming (puto) (Ohsaki 1989). This typology is also applicable to Kalinga cooking
of chaycot.
Steamed chaycot (tofu) is the most traditional type (Ohsaki 197-).

In cooking tofu, the

chaycot rice is first soaked in water for about an hour to make rice grains absorb enough moisture.
After draining, the rice grains are pounded into powder with a pestle and mortar. Being mixed with
water and flavored with sugar and coconut milk, the rice powder is kneaded into sticky rice paste
having an oblong shape (12-5 cm by 4 cm). After being wrapped with a banana leaf, the rice paste
is packed in a large cooking pot containing several cups of water.

The rice case pastes are then

steamed with a cover on until the water is gone. No stirring is done during the heating.
cooked only on special occasions, rather than as ordinary merienda,

Tofu is

because steaming is more

effective with a large amount of tofu, and because tofu steaming requires more labor than other types
of rice cakes.
Boiled chaycot (ginitaan) is most frequently cooked as a snack in merienda.

The guinitaan
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cooking follows the same steps as the steamed chaycot (tofu) until the rice powder is made. Then the
rice powder is mixed with water and shaped into small dough balls, which are put into a cooking pot
with boiling water.
contents.

During boiling, constant stirring is needed to avoid carbonizing the sticky

Sugar and coconut milk are added in the course of boiling.

Because a wide mouth is

suitable for frequent stirring, ginitaan is usually cooked in an oppaya or caldera.
Puto (or nilugao) is cooked like ordinary rice except that sugar and coconut milk are added
and the chaycot rice is stirred intensively during cooking. In spite of the intensive stirring, rice grains
retain their shape. Sometimes sweet potato or some other vegetable is added before heating. Pinasol
is similar to nilugao in that the chaycot rice is cooked with sweet potatoes.

However, it differs from

nilugao in that the rice is stirred so intensively that rice grains do not retain their shape.
Chaycot cooking has three characteristics. First, some types of chaycot (ginitaan and nilugao)
need more intensive stirring than most vegetable/meat cooking. Because the amount of water is much
less in the ginitaan and nilugao cooking, rice grains would be easily burned and carbonized on the wall
without frequent stirring. Second, there is no overflowing in chaycot cooking because the water level
is kept low and because no lid is used. Third, because chaycot is made of rice, the flavor retained by
the pot does not alter the flavor of any ordinary rice that may be cooked later.5

(5) Roasting of Coffee, Chile, and Beans
Coffee, chili, and beans are sometimes roasted in a small/regular sized ceramic cooking pot.
These roasting pots, called linga, are always reused pots which are mostly cracked in the body or
chipped on the rim. Because roasting needs no water, cooking pots with cracks can be used.

In

roasting, the linga is placed on three pot stands at an angle so that the cook can inspect the contents
more easily. Coffee and chili are always roasted immediately before being pounded or sliced. Beans
are sometimes roasted before they are pounded in a mortar to reduce heating time.
Unlike other cooking pots, which are usually washed after each meal, the linga are never
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washed. Unlike rice cooking and vegetable/meat cooking, the roasting of coffee, beans, and chili does
not leave any food residue on the interior surface, making interior cleaning unnecessary.

Because

exterior soot deposits are easily removable, carrying a linga to a washing place as well as its washing
would make the washer’s hands dirty. Since the linga are heated without water inside, the exterior
surface becomes so hot that very little resin, as well as carbon, from the fuel can stay on the pot
surface.

Thus, the exterior soot deposits are mostly free carbons that can be removed easily by

rubbing. Soot deposits on the base are oxidized away during heating.

Preparation Before Heating
Food processing before heating (other than washing, peeling, and cutting) is uncommon
among the Kalinga. As noted, rice is not soaked in water before heating. However, beans and meat
are exceptions.
Beans were sometimes roasted in a roasting pot (linga) and pounded with a pestle and mortar
before being boiled. In the participant observation data, these preparations occurred in eight out of
22 bean cooking events. The actual frequency could be higher because in some cases it was not clear
whether the beans had been boiled without roasting or pounding.

Soaking of beans in water (for

seven min.) was recorded in one case. These preparations (roasting, pounding, and soaking), intended
to facilitate heating efficiency during boiling, were only done for beans, because beans take longer to
boil than any other food. In addition, bean boiling without roasting or pounding required a longer
heating time (X = 40.2m in. n= 1 2 ) than that with pounding and/or roasting (X = 38.6m in. n= 7).
In cooking the meat of dogs, chickens, and ducks, the body is first burned quickly so that the
singed hair and feathers may be easily scraped before butchering.

As noted, meat itself is always

boiled and never roasted.
These relatively simple food processing techniques used by the Kalinga may be typical in the
rice culture area.

In contrast, traditional farmers whose major cereal is wheat/ barley, com (e.g.,
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Pueblo corn farmers), millet (e.g.,sorghum farmers in eastern Africa), poisonous cassava (e.g.,farmers
in South America), and acorns and nuts (e.g.,foragers in California and the U.S. Great Basin), or sago
(e.g.,taro farmers in New Guinea) tend to spend a large amount of time grinding the seeds to flour
(wheat/ barley, corn, and acorns/nuts), roasting the foods for preservation (com), removing poisons
(nuts and poisonous cassava), or extracting starch from the plants (sago). Thus, it can be said that
food processing is simpler for rice farmers than farmers whose major foods are cooked in the form
of flour, contain poisonous compounds, or need to be roasted for preservation.

The Frequency of Boiling and Sauteing in Vegetable/Meat Cooking
As noted, side dishes (vegetable/meat/fish) are cooked either (1) solely by boiling, (2) by a
combination of boiling and sauteing, and (3) only by sauteing.

In participant observation data,

foodstuffs cooked by a combination of boiling and sauteing are mostly beans, squash, potatoes,
jackfmits, and bamboo/rattan (Figure 11a). Because these vegetables have hard shells or hard skins,
sauteing alone cannot cook them sufficiently. Thus, when these vegetables are sauteed, they are first
boiled in a ceramic cooking pot. This kind of cooking method has three characteristics. First, after
being boiled, these foods are always sauteed with other foodstuffs, most of which lack hard shells or
skins (horticultural or commercial foods). Second, in many cases, part of the boiled vegetables were
served as "a vegetable-and-soup" dish (called inton), while the rest was transferred to a frying pan for
sauteing with other foodstuffs. Finally, beans, squash, and jackfmits boiled in the previous meal were
sometimes used for sauteing. Thus, the frequency of reheating is higher among these vegetables.
Among the cooking events that combined boiling and sauteing, the frequency of leftover vegetables
is higher for squash (3/3) and jackfmits (2/3), followed by beans (3/9) and potatoes (0/2).
In the cooking survey, the heating method for each foodstuff was categorized into "mainly
boiling (including the combination of boiling and sauteing)" and "sauteing only." When the frequency
of "sauteing only" for each foodstuff is compared between the participant observation data and the
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cooking survey data, a good correlation is observed (Figure 5.11,14). There are, however, some minor
differences between the two data collection methods. First, in the cooking survey data, beans, squash,
potato, jackfruits, and bamboo/rattan

are occasionally cooked by "sauteing only," although their

frequency is low (less than 10% of all cooking events). In contrast, no such case was recorded during
the participant observation. These are probably cases in which leftovers of these vegetables were used
for sauteing: since these vegetables were not boiled during the meal, they were recorded as "cooked
solely by boiling" in the cooking survey. Second, as noted, the frequency of sauteing for horticultural
and commercial foods (fish and noodles) is higher in the cooking survey than in the participant
observation.
Data from both the cooking survey and participant observation indicate that heating method
varies with food type in the following ways. First, the frequency of "sauteing only" is distinctively
higher for horticultural and commercial foods than for traditional foods. This fact is also observed
when the frequency of sauteing in each household is plotted against that of non-traditional foods in
the cooking survey data (Figure 5.13); a high positive correlation is observed (R =0.783, P=0.0001).
Second, among the traditional foods, leafy vegetables show a higher frequency of "sauteing only" than
the rest. Third, as noted, the combination of boiling and sauteing occurred only for the swidden and
arboricultural crops. Fourth, among the horticultural vegetables, eggplants and cabbages show higher
frequencies of "sauteing only" than long onions/onions and tomatoes.

Eggplants have characteristics

somewhat closer to the swidden crops in that they were grown in swidden as well as garden plots, and
that they were introduced to the Kalinga much earlier than the rest of the horticultural foods (Lawless
1977). Thus, the fact that the frequency of "sauteing only" lies between the rest of the horticultural
plants and the swidden crops also reflects their closeness to the swidden crops. These facts suggest
that foodstuffs that do not have a hard shell or skin are more frequently cooked by sauteing than
those with hard shells or skins.
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Use of Leftover Food
(1) Rice Cooking
Rice is not only consumed at every meal, but also cooked at every meal. It would be very
uncommon for a large quantity of rice to be cooked for more than one meal. Unlike the side dishes,
rice is rarely reheated or eaten cold. Consumption of cold, leftover rice in a household is also much
less frequent (76/3142 cases =2.4% ) than that of vegetable/meat (121 cases). Cold rice was consumed
mostly when rice and some vegetables were put in a lunch box and brought to swiddens in the
mountains because of a lack of cooking facilities. Thus, it can be said that a meal prepared in the
household must include hot rice.
Rice is cooked at almost every meal for three reasons. First, rice does not taste good when
it is cold. Second, rice cannot be easily reheated, unless prepared as a gruel or porridge, because
when rice cools down, alpha-starch in the warm rice is converted into beta-starch, which is not easily
returned to the alpha-form.

Third, the Kalinga have an excellent food recycling system, and thus

discard very little organic food material.

For example, any leftover rice, vegetables, as well as

vegetable skins and other cooking by-products, are all put into a pig pot (anglan) to feed pigs and
dogs. Finally, in a semi-tropical environment, it is difficult to preserve rice for a long time without
spoilage.

(2) Vegetable/Meat Cooking
As in rice cooking, the use of leftover food, either reheated or cold, was uncommon in
vegetable/meat cooking.

In the cooking survey data, the mean frequency of cold (non-reheated)

leftovers (48 cases) and reheated left-overs (122 cases) in household cooking is only 6.0% (121/3142
cases). However, 49 out of 62 households took at least one meal that consisted exclusively of cold
food.
In participant observation data, the use of leftover food was recorded in 17 cases (12.1%).
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The frequency is higher than in the cooking survey data because cases in which a leftover food (mostly
swidden crops or arboricultural plants) was cooked with other foodstuffs) were not recorded as
"reheated" in the cooking survey.

The following tendencies were observed in the participant

observation data.
1. Reheating or eaten cold. Vegetable/meat leftovers were mostly reheated rather than eaten
cold. There was only one cooking event in which cold vegetables (beans) were served. On the other
hand, leftover rice is usually eaten cold without reheating.

In contrast to practice in East Asian

countries (Japan, Korea, and China) the Kalinga do not cook rice in the form of porridge or gruel.
This may be because the long-grain, less sticky rice is not suitable for porridge or gruel than the sticky
medium-grain variety.
2. Food type. Leftover foods are mostly swidden crops and arboricultural plants (beans, leafy
vegetables, squash, potato and jackfruits/bamboo) (Figure 5.15a). Horticultural plants were reheated
only in one case (long onions), and no reheating of commercial foods was recorded.

The same

tendency is observed when the frequency of leftovers in each household is plotted against that of nontraditional

foods in the cooking survey data: Figure 5.16 clearly shows a negative correlation

(R =0.425, P =0.001). The fact that non-traditional foods were not reheated can be explained by two
factors.

First, because they do not require prolonged heating, they can be cooked at each meal

without using the leftovers. Second, because their availability is more limited than the self-sufficient
traditional foods, and because they do not constitute the major ingredients of side dishes, they are
cooked only in small quantities at each meal.
Among the swidden and arboricultural plants, squash and jackfruits were reheated more
frequently than the rest probably because the have hard skins. However, the reason that beans were
not as frequently reheated as squash and jackfruits is unknown.
3. The heating method for leftovers. The combination of boiling and sauteing shows a higher
frequency of leftovers (42.1%) than "boiling only" (7.4%) and "sauteing only" (7.5%; Figure 5.15).This
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means that in many cases leftovers which had been boiled at the previous meal were sauteed in a
frying pan with other foodstuffs. Since the leftover food was already cooked, prolonged heating in
a cooking pot may not be needed.
4.

The reheating time.

The duration of reheating in a ceramic cooking pot is tentatively

categorized as "long" (over 10 minutes) or "short" (less than 10 min.). Beans, jackfruits, and bamboo
were mostly reheated over 10 minutes, while green leafy vegetables were reheated less than 10 min
(Table 5.5). Thus, beans and jackfruits were reheated for a substantial time, although a shorter period
than the original heating.
In sum, most households occasionally used leftover food, but their frequencies were low.
Compared with ordinary side dish cooking, the reheating of leftover food is characterized by 1) a
shorter heating time, 2) a higher frequency of sauteing, and 3) a higher frequency of traditional
vegetables with hard shells or skins. Beans, jackfruits, and bamboo/ rattan are more frequently
reheated than other foods because they need a longer heating time and thus tend to cook for more
than one meal.

Food Combinations
Food combinations are examined in terms of 1) the number of foodstuffs cooked in a pot,
and 2) the number of side dishes prepared for a meal. For the former, variation with heating method
and with food type are analyzed.
(1) The Frequency of Multiple-food Cooking in Vegetable/Meat Cooking
Cases in which more than one foodstuff is cooked in a vessel are tentatively called "multiplefood cooking," whereas those with a single foodstuff are called "single food cooking."

In the

participant observation data, the number of foodstuffs cooked in a vessel varies from one to five with
a mean of 1.63 (Table 5.6). Thus, less than four foodstuffs were cooked in the great majority of
cooking vessels. The frequency of multiple-food cooking is distinctively higher in the participant
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observation data (52/92= 56.5%) than in the cooking survey data (411/3321 = 12.3%). There are two
reasons for this difference. First, in the cooking survey, only the major foodstuff was recorded even
when more than one foodstuffs was cooked. Especially in cases in which a foodstuff was transferred
from a ceramic cooking pot to a frying pan for sauteing with other foodstuffs, the minor foodstuffs
sauteed with the major one (first boiled in a ceramic cooking pots) one were in many cases not
recorded due to the limited recording space.

Second, side dishes observed during participant

observation sometimes included a larger number of foodstuffs than everyday cooking because of the
guest effect. Thus, the actual frequency of multiple-food cooking likely falls between the two data
sets.

(2) The Number of Side Dishes Served in a Meal
In the participant observation data, the number of side dishes served in a meal varies from
one to three (19 cases for one, 30 cases for two, and three cases for three side dishes) with a mean
of 1.69 per meal. Thus, the majority of Kalinga meals consisted of one or two side dishes as well as
the staple rice. In addition, salt and chili were always served in a communal small metal plate to
flavor the rice and side dishes. Dozier reported that the ordinary Kalinga meal contained rice and
at least three or more other types of food (vegetable/meat) (Dozier 1966). If the chili and salt were
counted as side dishes, our data would not necessarily contradict Dozier.
The relatively simple composition of Kalinga side-dishes may be typical of the rice culture
area. This contrasts with Western cooking in which several foodstuffs are commonly cooked together
in a pot. The reason that most of vegetable/meat cooking consists of only one or two foodstuffs is
that the vegetable/meat (side-dishes) are considered to flavor the rice. Rice has a better composition
of essential amino acids than other cereals in that rice contains 11 out of the 13 essential amino acids.
Thus, the necessity of meat or dairy products is much lower in the rice culture area.

Since the

Kalinga consume beans, rich in protein, almost every day, the combination of rice and beans can help
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them avoid nutritional imbalance.

(3) Variation in the Frequency of Multiple-Food Cooking with Heating Method
When the frequency of multiple-food cooking is compared with boiling in a ceramic pot and
sauteing in a frying pan in the participant observation data, sauteing shows a much higher frequency
(72.4%) than boiling (30.2%; Figure 5.17). By contrast, in the cooking survey data, the frequency of
multiple-food cooking is only slightly higher in sauteing (17.1%) than boiling (12.6%). The gap
between the two data sets can be explained by the recording method in the cooking survey: when a
foodstuff was sauteed with other foodstuffs after boiling, the case was mostly recorded as "mainly
boiling."
However, when the frequency of multiple-food cooking in each household is plotted against
that of sauteing by using the cooking survey data, a positive correlation is observed (Figure 5.18,
R =0.304, P =0.016). Thus, both the cooking survey and participant observation data suggest that
sauteing tends to include a wider range of foodstuffs than boiling.

(4) Variation in the Frequency of Multiple-Food Cooking with Food Type
When the frequency of multiple-food cooking for each food type is compared with the
cooking survey and the participant observation data, a good correlation is observed, although, as
noted, the frequency for each food is higher in the participant observation data than in the cooking
survey data (Figure 5.19). The gap between the two data collection methods is most distinctive in
bamboo/rattan,

probably because of a small sample size (only three cases) in the participant

observation data. Fish also deviated from the correlation for unknown reasons. Regardless of these
minor differences, both data sets suggest that non-traditional foods (horticultural and commercial)
were more often cooked with other foods than were the swidden and arboricultural
Horticultural crops especially were almost always cooked with other foods.

plants.
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MULTIPLE-FOOD COOKING FREQUENCY IN COOKING SURVE

Figure 5.19
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In Figure 5.20 the frequency of multiple-food cooking for each food category is plotted against
that of sauteing. As a result, the cooking survey data show a clear correlation: traditional foods are
more frequently cooked alone and by boiling, whereas non-traditional foods, except for fish, tend to
be sauteed together with other foodstuffs (Figure 5.20a). The participant observation data show a
similar tendency, but it is not as clear as in the cooking survey data (Figure 5.20b). Most of the
deviations are foodstuffs with a small sample size (three cases in bamboo, four cases in noodles, and
five cases in wild foods).
When variation in the frequency of multiple-food cooking with each food type category is
examined in the cooking survey data, it is observed that foodstuffs that were frequently cooked
together with other food are mostly non-traditional foods such as long onion/onion, noodles, sardines
and tomato, whereas those cooked alone more frequently are mostly Kalinga traditional foods (Figure
5.20).

Horticultural

plants (tomato, onion, and cabbage) and commercial foods (noodles and

sardines), except for dried fish, are cooked with other food in over 40% of all cooking events, whereas
traditional foods are cooked with other food in less than 40% of all cooking events. Interestingly,
eggplant, which was planted in both swidden and garden plots, has a figure between those of
traditional

and non-traditional

foods (39.6%). Among traditional

foods, white beans (3.5%),

bamboo/rattan (6.6%), jackfruits (11.8%), snails (10%), and hearts of banana and squash (5.9%) are
mostly cooked alone.
Finally, the higher frequency of multiple-food cooking in non-traditional food can be observed
in each household: when the frequency of multiple-food cooking in each household is plotted against
that of non-traditional food, a slight correlation is observed (Figure 5.21; R = 0 .2 6 4 ,P = 0 .0 3 8 ).
The fact that non-traditional

foods are strongly related to multiple-food cooking can be

explained by their availability and nutritional
non-traditional

composition.

First, because the availability of

foods is more limited than that of self-supplied traditional

constitute a complete side dish without being mixed with other food materials.

foods, they cannot
Second,
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non-traditional foods do not have enough protein compared to the traditional foods. The fact that
non-traditional foods are mixed with traditional foods (95 cases) more frequently than with other
non-traditional foods (52 cases) may suggest that non-traditional food alone cannot supply enough
nutrition.

(5) The Types of Foodstuffs Combined
The types of food combined in multiple-food cooking are examined. Food combinations can
be categorized into "traditional food + traditional food," "traditional food + non-traditional food,"
and "non-traditional food + non-traditional

food." When the relative frequencies of these three

categories are compared between foodstuffs, the following tendencies are observed (Figure 5.22).
First, traditional foods, except for leafy vegetables and beans, were combined more frequently with
non-traditional foods than with other traditional foods. Because these foods (squash, potato, jackfruits,
and bamboo/rattan) are rich in carbohydrates and/or protein, they constitute the major ingredients
of side dishes and are frequently cooked with non-traditional foods. Second, beans were often cooked
with other traditional foods as well as with non-traditional foods. Because they are the most important
source of protein and can constitute the major ingredients in most side dishes, they can be combined
with all kinds of foodstuffs. Finally, leafy vegetables, horticultural crops, and commercial foods (fish
and noodles) were cooked frequently with traditional foods (swidden crops and arboricultural). This
is because the leafy vegetables contain little protein or carbohydrates,

and thus, are better

supplemented by other traditional foods. Commercial foods cannot be the major ingredient of a side
dish because of their limited availability (i.e., they cannot be served in quantity) and nutritional
composition (little protein and/or carbohydrate, except for fish).
In sum, the above facts suggest that the combination of foodstuffs cooked together was
affected by such factors as (1) nutritional composition (especially the richness of protein) and (2)
availability of the foodstuffs.

, .
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Heating Time
(1) Comparison between Rice and Vegetable/Meat
In the cooking survey, heating time was recorded in 474 everyday-cooking events in 11
households whose housewives had a wristwatch. These housewives were asked to record the start time
(when a pot was set on fire stands) and the finish time (when the pot was removed from the fire
stands) for each cooking event (i.e.,each cooking pot). The data were collected for an average of two
weeks in each household. The simmering stage of rice cooking was not included in the heating time,
because the pot is not on the fire stands during simmering. Sauteing in a frying pan was not timed
because sauteing usually takes a much shorter time (usually several minutes) and is thus difficult to
time accurately. When a foodstuff was sauteed in a frying pan after being boiled in a pot, the heating
time was recorded only for the boiling.
In the cooking survey data, heating time in vegetable/meat cooking is much longer and more
variable (range between 15 and 40 min., X = 3 4 .6 minutes, s.d. = 18.54n 476 cooking events) than that
of rice cooking (range between 10 and 80 min., X =23.3 minutes, s.d .= 8 .5 ,in 585 cooking events).
This variation is due at least partly to vessel volume. When the heating time for each vegetable/meat
cooking event is plotted against vessel volume, a relatively clear correlation (R =0.290, P=0.0001,
n=473 cooking events) is observed (Figure 5.23). Thus, when pot volume is controlled, the above
difference in heating time between rice and vegetable/meat is more clearly observed (Figure 5.24).
Interestingly, these cooking time differences becomes more distinctive as pot volume increases. This
is probably because rice is heated quickly regardless of vessel volume. The participant observation
data basically support the above results (Figure 5.23). Although rice heating time does not increase
in proportion to vessel volume, this may be due to the smaller sample size in the participant
observation data.
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Figure 5.23
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(2) Variation in Heating Time with Food Type
In the cooking survey data, swidden crops (35.2 min. N =380), arboricultural plants (35.7 min.
N = 76), and commercial food (33.9 min. N = 16), especially fish, are boiled longer than horticultural
plants (19.0 min. N = 19) and wild food (26.7 min. N = 13). In particular, beans (47.3 min., n=146),
jackfruits (42.0m in .,n = 3 0 ), and meat (54.4m in .,n = 10) are boiled over 35 minutes (Figure 5.25,5.26,
5.28). Beans and jackfruits are boiled longer than others because they have hard shells, while meat
takes a long heating time because it is usually cooked in quantity. For example, when a chicken or
duck, the most common meat, is cooked, all the meat is boiled at once after butchering. In addition,
although the heating time of fish (38.3 min., n= 10) is long, this is probably because fish tends to be
boiled with other traditional foods (such as beans; see Figure 5.22).
In the participant observation data, heating time was calculated based on my fieldnote
description in the same way as the cooking survey. Heating time was recorded in 80 cooking events
in 23 households.

Each household was recorded for only one day. In order to cross-check the data,

the mean heating time for each food type is compared between the participant observation and the
cooking survey data sets (Figure 5.25). In the calculation of mean heating time, food types with four
or more timed cases in both data sets are selected. Because of the small sample size, four types of
horticultural foods (eggplant, long onion/onion, tomato, and cabbage) are lumped together, and
commercial foods (fish and noodles) were omitted. As a result, a fairly good correlation was observed
between the two sets of data (Figure 5.25). Distinctive deviations are found only in wild plants and
meat, probably because of the small sample sizes in both data sets. In addition, the heating time of
jackfruits is also longer in the cooking observation data (42.0 min.) than in the cooking survey data
(25.6 min.) for unknown reasons.
The above variation in heating time with food type are likely to result from the hardness of
the food. This statement is examined in Figure 5.27, in which the mean heating time for each food
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type is plotted against that of sauteing.

Since foodstuffs with hard shells or hard skins were more

frequently boiled (i.e., less frequently sauteed) than those without hard shells, the frequency of
sauteing can be an indicator of the hardness of the food. As a result, a fairly good correlation was
observed in the cooking survey data: foodstuffs with a longer mean heating time tend to have a lower
frequency of sauteing (Figure 5.27a). The participant observation data also generally confirm this
tendency (Figure 5.27b). Wild foods alone deviated distinctly from this tendency, probably due to
their small sample sizes. Thus, it can be said that foodstuffs with hard shells or skins tend to be
boiled longer, whereas others tend to be boiled more quickly or are more often sauteed.

(3) Factors Affecting Heating Time
Based on the above facts, it is hypothesized that heating time is affected by (1) the amount
of food cooked in a pot (which is related to household size and kind of foodstuff) and (2) the
hardness of the foodstuff.
1) The amount of food cooked in a pot.

The amount of food cooked in a household is

represented by the total amount of rice consumed in a day by the household members calculated by
Takaki’s method (see Chapter 4). Because larger households tend to use larger cooking pots (Figure
5.6), and because cooking in a larger pot usually takes a longer heating time (Figure 5.29), heating
time is likely affected by the amount of food consumed (cooked) in a household.

When the

relationship between the mean heating time and food consumption for households is examined (Figure
5.30a, 30b), both rice cooking and vegetable/meat cooking show strong correlations (R = 0.469 and
0.488 respectively, N = l l households).
2) The hardness of the food. The greater variation in heating time for vegetable/meat than
rice likely results from a difference in the hardness within the vegetable/meat class. As is discussed
below, vegetables with hard shells or skins need gradual, prolonged heating with a large amount of
water (Table 5.7). Thus, the heating time of vegetable/meat cooking is affected by the amount and
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hardness of the food, whereas that of rice cooking is affected solely by the amount of food. As a
result, when the variation in heating time with pot volume is examined, vegetable/meat cooking shows
a stronger correlation with heating time and vessel volume (R =0.289, p = 0.1% level, N =474) than
does rice cooking (R =0.205, p = 0.1% level, N =585). Because the volume of a rice cooking pot is
strictly determined by the amount of rice cooked in the pot, the heating time increases only gradually
as the pot volume increases.

As a result, the difference in heating time between rice cooking and

vegetable/meat cooking becomes more pronounced as pot volume increases.

Water Level
(1) Differences between Rice and Vegetable/Meat Cooking
The amount of vegetables cooked in a pot is usually at most quarter of the vessel volume, and
the water level is kept around the middle of its body height, regardless of vessel size. The water level
is kept relatively low in order to prevent overflowing. In contrast, rice cooking pots are always filled
with water and rice grains up to their neck, and when cooked, the rice grains expand up to the rim
of the pot. The water level is much higher in the rice cooking pot for two reasons. First, overflowing
is not a problem in rice cooking, since it signals the transition to the light heating stage. Second, rice
is cooked better in larger amounts because of the greater amount of residual heat available during
simmering. Furthermore, when the amount of cooked rice is small in relation to pot volume, there
will be a large space between the rice surface and a lid, where the moisture condenses into water
drops and spoils the taste of the rice. In traditional Japanese rice cooking, the rice is immediately
transferred from a rice cooking pot to a wooden tub after simmering, and covered with a cloth and
a lid. This procedure also suggests the importance of avoiding the accumulation of water drops which
could spoil the rice’s taste.

(2) Variation within Vegetable/Meat Cooking
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The water level in vegetable/meat boiling was categorized into "high,""middle,"and "low"in
the participant observation data.

"Low" means that the water level is below one-third of the vessel

body height of the pot, whereas "high" means above two-thirds of the body height. Because the water
level recorded during participant

observation was based on visual inspection without actually

measuring the level, and because the water level changed in the course of boiling, the identification
of these three types was not very rigorous.
Beans tend to have the highest water level, followed by chaycot and jackfruits. Green leafy
vegetables and squash tend to be boiled with less water (Table 5.8). Thus, except for squash, the water
level tends to correlate positively with the boiling time; the longer a food is boiled, the more water
the pot contains. This correlation can be interpreted in the following terms: when a food is boiled
longer, more water is added to avoid overflowing.

The Frequency of Stirring
Vegetable/meat cooking pots were stirred more frequently than rice cooking pots so that the
water temperature could become more even and the vegetables would not stick to the vessel walls.
In contrast, rice cooking does not require frequent stirring; rice pots are stirred only several times
during the light heating stage.

Stirring was avoided in rice cooking because it would release the

pressure from inside the pot. As noted, pressure is necessary to make rice grains effectively absorb
water.
In the participant observation data, the frequency of stirring in a cooking event varies from
none to seven with a mean of 1.81 (n=105). When rice and chaycot are excluded, the mean frequency
of stirring rises to 2.21 (n=52).

Chaycot (mean count of 3.4, n = 5 ) is by far the most frequently

stirred (some types of chaycot need constant stirring), followed by potatoes (X = 2.75, n= 4 ), beans
(X = 2 .3 5 ,n = 2 0 ), and squash (X = 2 .2 ,n = 4 ) (Figure 5.31). By contrast, green leafy vegetables (X = 1.0,
n = 7 ), rice (X = 1.33, n= 48), meat (X =1.33, n = 3 ), and fish eggs (X = 1 .5 ,n = 2 ) are not stirred
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frequently.
The above data suggest that the frequency of stirring is affected by heating time and the
stickiness of the food (or the amount of moisture). When foodstuffs are boiled in a pot with a large
amount of water, the pot tends to be stirred more often as the boiling becomes prolonged. Thus, the
mean frequency of stirring for vegetable/meat boiling shows a correlation, though not very strong, with
heating time (Figure 5.31). In contrast, when cooking with a small amount of water in the pot, some
foods (chaycot) need constant stirring, while others (rice) do not.

Some chaycot (ginitaan) need

constant stirring because they contain only a small amount of water. Rice is not stirred frequently
because the rice cooking tends to make rice grains absorb water.

The Frequency of Adding Water
In the cooking survey data, the frequency of adding water to a boiling pot varies from none
to three, with a mean of 0.27 (n=113). When rice and chaycot are excluded, the mean frequency rises
to 0.47 (n=59). Because there are only five cases in which the water is added more than one time
(four cases of beans and one case of rice), its presence or absence is compared with food type. As
a result, beans (50%, n= 2 5 ), potatoes (50%, n = 4 ), meat (50%, n = 4 ) show higher frequencies of
adding water, whereas green leafy vegetables, chaycot, fish eggs, bamboo/rattan, and rice show very
low frequencies (Figure 5.32). Thus, it can be said that the frequency of adding water is greater in
the foods that are heated longer.

The Frequency of Overflow
In the participant observation data, overflowing was observed only in rice, beans, and
bamboo/rattan (Figure 5.33). Overflowing occurred in almost all rice cooking events because it is a
signal of the water-taking stage. In vegetable/meat cooking events, overflowing was observed in beans
and bamboo/rattan because they are characterized by a relatively high water level during cooking.
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Figure 5.33
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The Use of a Cover
Based on the participant observation data, the ratio of the heating time with a cover on (in
minutes) to the total heating time was calculated for each cooking event (i.e.,for each cooking vessel).
The ratio is 100 when a pot was covered during the entire cooking event, whereas it is zero when a
cover was never used. The simmering stage of rice cooking was not included in the calculation, and
sauteing in a frying pan was also excluded from the analysis. In figure 5.34 the ratio of covering is
plotted against heating time for each food type. Three tendencies can be observed from the figure.
First, a cover is used more frequently in rice cooking than in vegetable/meat cooking. Rice
cooking pots were in most cases covered with a metal lid over 70% of the heating time. The cover is
usually removed when the rice is stirred and the water was taken out.

On the other hand,

vegetable/meat cooking shows a shorter covering time (in nearly half of the vegetable cooking events,
a pot was covered in less than 70% of the total cooking time). However, it should be noted that there
are only two cases (beans and bamboo) in which a cover was not used at all.
Second, for vegetable cooking, the covering time tends to be longer as heating time increases.
This is probably because the cover was removed only occasionally to permit the cook to check inside
and stir the contents, and thus the ratio of covering tends to be reduced as heating time increases.
Finally, when heating time is controlled, green leaves and horticultural crops tend to be
covered longer than beans, jackfruits, and bamboo/ rattan. This is probably because vegetables with
hard shells or hard skins need more frequent stirring than those without, and thus resulted in more
frequent removal of the cover.
In sum, the above results suggest that the duration of covering is affected mostly by the
frequency of stirring. Since all of the Kalinga side dishes were boiled with abundant water inside, the
frequency of stirring is not as high as in a mush or stew-like dish. Thus, a cover was used in almost
all cooking events.
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Summary of Kalinga Cooking Technique
Differences between rice cooking and vegetable/meat cooking, variation within vegetable/meat
cooking, and the characteristics of cooking techniques in the rice culture area are summarized.
(1) Differences between Rice and Vegetable/Meat Cooking
Rice cooking and vegetable/meat cooking differ in the following ways.
1. Frequency of cooking. Since rice is the staple of the Kalinga, it was not only served at
every meal but also cooked at almost every meal. In contrast, in vegetable/meat (side dish) cooking,
reheated or cold leftovers were occasionally served. This is because, according to the Kalinga, rice
does not taste good when reheated or cold, because rice can be cooked without prolonged heating,
and because the simmering of rice can be done while a side dish is cooked on the pot stands.
2. Quantity of food. Rice was served in much greater quantities than vegetable/meat dishes.
The side dish is thought to flavor the staple rice. However, some vegetable/meat dishes (especially
those with hard shells or hard skins) were sometimes cooked at more than one meal, whereas rice was
cooked for just for one meal. This is because rice cooking takes much less time than the cooking of
vegetables with hard shells.
3. Regularity of the cooking method. Rice cooking behavior is characterized by its regularity
in terms of the amount of water, selection of vessel size, variation in heating time, the frequency of
stirring, and the duration of covering. In spite of the replacement of ceramic rice pots (ittoyom) by
metal rice pots (calderas), rice cooking techniques have changed very little. There is no difference
between ceramic and metal cooking pots in the basic heating sequence, the rigorous selection of the
pot volume based on the amount of rice cooked in it, heating procedures, or the way in which rice
is served (rice is always cooked without being mixed with other food and served without being
flavored). This regularity in cooking method employed likely results from fact that the rice is not
mixed with other foodstuffs during cooking.

In contrast, vegetable/meat cooking exhibits wider

variation with the food type, and sometimes even within the same foodstuff. For example, beans can
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be boiled in a pot without any preparation, roasted and pounded into small pieces before boiling, or
sauteed together with other foodstuffs after boiling. The introduction of non-traditional foods further
increased the diversity of side dish cooking in that non-traditional foods were often cooked together
with other foodstuffs, and because they were cooked by sauteing as well as boiling.
4. Heating method.

Rice cooking is characterized by short, intensive heating followed by

simmering. Due to the relatively short period of heating, overflowing need not be avoided. Thus, the
rice cooking pot can be filled up to the mouth. Because of the need for pressuring the contents, a
cover is always used and stirring is infrequent. On the other hand, vegetable/meat boiling sometimes
requires a prolonged heating. In order to avoid overflowing, the water level is kept low, and stirring
and adding water is are done more frequently than in rice cooking.

In addition, vegetable/meat

cooking pots are always heated from the base, whereas rice cooking pots are heated from the sides
as well as from the base during the simmering stage.
5. Food combinations. Vegetable/meat dishes are often cooked together with other foodstuffs.
In contrast, except for some chaycot rice, rice is not cooked with other foodstuffs. Because the staple
rice is consumed at every meal in quantity, rice does not have a distinctive flavor in itself so that it
is not boring. The rice is flavored by being consumed with other side dishes (vegetable/meat).

As

noted, the vegetable/meat side dishes are always consumed in a small quantity to flavor the rice.
6. Factors affecting vessel volume. The volume of rice cooking pots is mostly determined by
the amount of food cooked, which is likely to be related to household size. In contrast, the volume
of vegetable/meat cooking pots (other than frying pans) is affected by the type of food (or water level,
which varies with the hardness of the food), the combination with other foodstuffs, and the amount
of food cooked. Thus, the selection of rice cooking pots is strictly determined by the amount of food
cooked, while that of vegetable/meat cooking pots is more flexible; a larger vegetable/meat cooking
pot may be used to cook a small amount of vegetables. This statement is supported by the following
statistics.
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In both rice and vegetable/meat cooking pots, the mean pot volume for a household is
correlated with rice consumption, and rice pots show a higher correlation (R =0.690, P = 0 .0 0 0 ,n = 5 6
households) than vegetable/meat pots (R =0.498, P =0.000). The degree of variation (variance) in the
volume of rice cooking pots also shows a positive correlation, though not very strong, with household
size (R = 0 .244, N = 5 8 ,P = 0 .0 6 5 ), while that of vegetable/meat cooking pots does not (R = 0.117,N = 4 0 ,
P = 0.330). Thus, the mean and variance of rice pot volume increase with the amount of food
consumption in a household (i.e., household size) more distinctly than those of the vegetable/meat
pot.

(2) Variation within Vegetable/Meat Cooking
There is great variation within vegetable/meat cooking, especially between traditional (mostly
swidden and arboricultural crops) and non-traditional foods (horticultural and commercial foods).
Although the frequency of the non-traditional foods is still low, their dietary importance has been
gradually increasing. Traditional foods were more frequently boiled, more frequently reheated, heated
longer, and more often cooked alone, whereas non-traditional foods were more frequently sauteed,
less frequently reheated (fewer leftovers were used), heated more quickly, and cooked more quickly
with other foods. These facts suggest that heating method, food type (non-traditional vs. traditional
food), and food combination are related to each other.
These relationships

can be explained by such factors as the hardness, availability, and

nutritional contents of each foodstuff. Non-traditional foods generally lack hard shells or hard skins,
have a limited availability, and are not rich in protein or carbohydrates. Because most them are soft,
they do not require prolonged heating. And due to their dearth of protein and carbohydrates and
their limited availability, they were often mixed with other foodstuffs. Frying pans were often used
for these non-traditional foods because sauteing in a frying pan, which does not use water, can cook
them faster than boiling. In contrast, major traditional foods (especially beans, jackfruit, and bamboo)
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need prolonged boiling because of their hard shells. They are often cooked alone because beans and
squash, rich in protein, can be a complete side dish without being mixed with other food materials.
There is some variation in the cooking methods within the traditional foods. Beans and green
leafy vegetables, most frequently consumed among the traditional foods, differ in heating time,
frequency of sauteing, reheating, and stirring, and in combinations with other foods. Beans, as well
as squash, jackfruits, and bamboo/rattan,

were boiled longer, more frequently reheated,

more

frequently stirred, and more frequently cooked with non-traditional foods than leafy vegetables. In
contrast, leafy vegetables were heated more quickly, more frequently sauteed, and cooked more
frequently with other traditional foods. Thus, the cooking behavior of leafy vegetables is similar to
that of horticultural food because both lack hard shells or hard skins.

Thus, it can be said that

cooking behavior is affected by the hardness of the food, regardless of their traditional or nontraditional status.
Among horticultural crops, the frequency of sauteing and multiple-food cooking, and heating
time for eggplants all lie between the traditional

(swidden and arboricultural)

foods and the

horticultural foods. This cooking behavior of eggplant is related to the production method: eggplant
was grown in garden plots as well as in swidden fields.

Thus, it can be said that the mode of

production, acquisition, and cooking of a foodstuff are all interrelated.

(3) Characteristics of Cooking Techniques in the Rice Culture Area
Some characteristics observed among the Kalinga may be applicable to other parts of the rice
culture area. First, there is a very distinctive differentiation in cooking technique between the staple
cereal (rice) and side dishes (vegetable/ fish/ meat). As a result, in many cases, cooking vessels are also
differentiated into two major types. Second, boiling is the most important cooking technique, while
roasting and frying are not important. This is related to the slight dietary importance of meat. Thus,
cooking vessels are an essential component of cooking. Cooking vessels tend to have a jar-shape,
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rather than a bowl-shape, because the staple rice needs covering. Third, the amount of a side dish
consumed in a meal is less than the staple rice. Thus, in some cases (but not in Kalinga), rice cooking
pots tend to be larger than vegetable/meat cooking pots.

On the other hand, cases in which

vegetable/meat cooking pots used for everyday cooking tend to be larger than rice cooking pots have
not been reported in the rice culture area. In addition, the average number of side dishes served in
a meal (other than rice) is less than two for the Kalinga.

Fourth, beans and fish are the most

important among side dish ingredients as sources of protein; this is also related to the slight dietary
importance of animal meat.

Fifth, food preparation other than washing, peeling, and cutting is

uncommon. This is because rice is consumed in the form of grain. Thus, specialized food processing
vessels are not well developed.

These characteristics

of rice farmers’ cooking approaches

are

compared with those of non-rice farmers’ cooking in Chapter 7.

RELATIONSHIPS

BETWEEN CERAMIC MORPHOLOGY

AND COOKING BEHAVIOR

Relationships between ceramic morphological attributes and cooking behavior are examined
through four comparative analyses; (1) a comparison between rice cooking and vegetable/meat
cooking, (2) the change in rice cooking pots from ceramic to metal, and (3) the relationship between
the variety of chaycot and the type of cooking pots.

Comparison between Rice and Vegetable/Meat Cooking Pots
Due to differential cooking behavior, the functional efficiency and durability required for rice
cooking pots and vegetable/meat cooking pots differ from one other in the following ways.
1) Heat conductivity. Rice is heated more intensively than vegetable/meat dishes because rice
cooking seeks to make rice grains absorb moisture and because overflowing is not a problem but a
signal to move to the next stage.

Thus, rice cooking pots require higher heat conductivity than
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vegetable/meat cooking pots. In contrast, vegetable/meat cooking (especially of beans, jackfraits, and
bamboo/rattan)

often requires prolonged heating with A relatively low flame in order to prevent

overflowing. Thus, vegetable/meat cooking pots must have higher heat retention capability (an ability
to retard the cool-down of the wall) than rice cooking pots. The ability to retain heat is especially
important when the scale of flames is unstable, as in the case of heating by firewood.
2) Thermal shock resistance. Rice cooking pots are heated without much moisture in them
during the simmering stage. In contrast, vegetable/meat cooking pots are always heated with abundant
water in them.

Because the wall temperature becomes much higher when there is little moisture

inside, it is hypothesized that the rice cooking pot receives greater thermal fatigue than the
vegetable/meat cooking pot. In a cooking experiment, we showed that when an adequate amount of
water is present in a pot, the interior wall temperature cannot rise above 110 C (Kobayashi 1992).
The difference in the degree of thermal stress between rice cooking pots (ittoyom) and
vegetable/meat cooking pots (oppaya) was demonstrated in the breakage rate of the use-alteration
pots. About 190 Kalinga pots, whose use behavior was recorded during participant observation, were
shipped to the Arizona State Museum for detailed observation of use alteration patterns.

Among

these, there are 168 everyday household cooking pots, consisting of 61 rice cooking pots (ittoyom),
98 vegetable/meat cooking pots (oppaya), and nine semi ittoydm-oppaya. During transportation seven
pots were destroyed and subsequently reconstructed. Strikingly, all seven were ittoyom used for
household cooking. One of them was reused as a roasting pot (linga). Because the production dates
and wrapping methods for these 148 pots do not differ markedly between the rice cooking and the
vegetable/meat cooking pots, the differential rate of breakage between the rice cooking pots
(7/61 = 11.5%) and the vegetable/meat cooking pots (0/98) must result from differential thermal fatigue
that experienced by these cooking pots.
3) Thermal efficiency. Rice cooking pots are always filled with rice grains and water to the
neck, while the water level in vegetable/meat cooking pots is always kept around the middle of the
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body in order to prevent overflowing. Furthermore, the rice cooking pot is heated from its sides
during the simmering stage as well as from the base, while the vegetable/meat cooking pot is heated
only from the base. Thus, rice cooking pots need to receive direct heat up to the upper portion of
their bodies, while vegetable/meat cooking pots do not.
4) Access to contents.

Since vegetable/meat cooking pots need more frequent stirring than

rice cooking pots, the former needs to furnish a greater access to its contents than the latter.
Furthermore, a lid is always used in rice cooking, while it is sometimes skipped in vegetable/meat
cooking.

Thus, the rice cooking pot needs more restricted access to its contents than the

vegetable/meat cooking pot.
5) Ease of moving during heating. Since rice cooking pots are transferred from the pot stands
to hearth floor for simmering, it is necessary to hold a still-hot pot.
6) Capacity. Rice, as the staple, is cooked in a larger quantity than vegetable/meat at each
meal.
In sum, the rice cooking pot needs higher heat conductivity, greater thermal shock resistance,
higher heating efficiency in the upper body (i.e., larger surface area on the upper body which can
receive heat), restricted access to its contents, and greater ease of moving while the pot is hot. On
the other hand, the vegetable/meat cooking pot needs higher heat retention capability, and greater
ease of access to its contents. As discussed in Chapter 3, these different performance characteristics
can be obtained through altering such ceramic attributes as wall thickness, neck constriction, relative
height, rim angle, volume, and temper composition.

Whether the expectations for the above

performance characteristics are actually observed in the Kalinga pots or not is examined below.
1.

Heat conductivity and retention. Heat conductivity becomes higher when a cooking vessel

has a thinner wall or has a less porous wall. Porosity can be reduced by adding larger amounts of
sand temper or by using less porous materials such as metal. However, Kalinga rice cooking pots and
vegetable/meat cooking pots do not differ in either wall thickness (when volume is controlled) or
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temper composition.

In fact both types have a thin wall and a relatively large amount of sand in the

clay. The Kalinga clay, which is mostly dug from rice fields, naturally contains large amounts of sand.
Concerning wall thickness, if vegetable cooking pots have a thicker wall than rice cooking pots, both
types may not be able to be fired together because thick walls need preheating before the intensive
firing to avoid breakage. Thus, it is likely that the necessity of a thinner wall and a larger amount of
sand temper for rice cooking pots does not outweigh the cost of differentiating these production
attributes between the two pot types.
2. Thermal shock resistance.

Thermal fatigue results from differential expansion (or

contraction) rates between the exterior walls and interior walls when a pot is heated (or cools down).
When the exterior surface expands much quicker than the interior surface during heating, the quickly
expanding exterior surface has a stress to produce cracks. Thus, the thermal shock resistance of a pot
can be improved by reducing the wall thickness, by adding more sand temper, by applying less
intensive surface treatment (Schiffer et al. 1994), or by replacement with less porous materials such
as metal.
3. Heat receiving efficiency of the upper body. An elongated body shape is more suitable for
receiving heat up to the upper body. The fact that vegetable/meat cooking pots have a squatter body
than rice cooking pots fits this expectation.

Thus, the squatter body shape of the vegetable/meat

cooking pots is likely intended to concentrate the heat at the lower part of the body.
4. Access to contents.

In order to increase the ease of stirring, it is more efficient to have

a wider neck. A steeper rim angle is not efficient for frequently-stirred vegetable/meat cooking pots
because it may restrict the movement of a stirring stick. The fact that neck constriction is the most
distinctive feature for distinguishing rice cooking pots from vegetable /meat cooking pots indicates that
accessibility is the crucial performance characteristic in the design of a cooking pot.
5. Ease of moving during heating. Kalinga ceramic cooking pots are taken away from the pot
stands by holding their neck with a rattan pot holder (batotai). Thus, cooking pots with a constricted
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neck are more suitable for being transferred when the pot is still hot.
6.

Capacity. As noted, the volume of rice cooking pots can represent the amount of food

cooked, while that of vegetable/meat cooking pots is affected by the hardness of the foodstuffs (the
amount of water in relation to the contents) as well as the amount of food. In the cooking survey
data, mean pot volume in a household and in the whole village was calculated by dividing the total
pot volume of all cooking events (in the cooking survey) by the total number of cooking events (not
the number of pots used). Pots over eight chupas in volume were excluded from the analysis since
they are not used for everyday cooking. Frying pans are also excluded because their size does not
reflect the amount of food cooked in them.

As a result, mean volume (in use) of the rice pots

recorded in the cooking survey (3.37 chupas, n=3050) is slightly larger than that of the vegetable/meat
pots (3.04 chupas, n=2621). As noted, the volume of rice cooked in a pot is about double of the
designated pot volume (in chupas), whereas the volume of vegetable/meat boiled in a pot is about
two-thirds of the designated pot volume. Thus, the Kalinga consume a much larger amount of rice
than vegetable/meat at each meal.
In addition, the fact that the rice cooking pots and vegetable/meat cooking pots are not
differentiated from each other in terms of wall thickness and temper composition suggests that the
need for higher heat conductivity and thermal shock resistance in rice cooking pots is sacrificed in
favor of suppressing production costs.

Comparison between Ceramic and Metal Cooking Pots
Although rice cooking behavior of metal cooking pots (caldero) is basically similar to that
of ceramic rice cooking pots (ittoyom), they differ from each other in the following ways. First, apin
leaves, which are always put on the interior of ittoyom, need not be used in calderas.

Second,

calderas can cook rice a little faster than ittoyom (Figure 5.24, also see Skibo 1990; Tani 1994).
Third, calderas are more resistant to thermal and physical stress than ittoyom. Finally, it takes more
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time and energy to remove soot deposits from calderos than from ittoyom.
The fact that calderos have replaced rice cooking pots, but not vegetable/meat cooking pots,
can be explained by the following factors.
1.

Heat conductivity and retention. Kalinga housewives told us that they use calderos for rice

cooking because calderos can cook rice faster than ittoyom. Calderos have greater heating efficiency
than ceramic pots because of their thinner walls, higher heat conductivity of metal walls, and lack of
evaporation through vessel walls. Skibo compared the heating efficiency of ittoyom and calderos in
detail (Skibo 1988, 1992).
2. Durability. Durability is examined in the resistance to thermal shock (thermal fatigue) and
to physical damage. Rice cooking pots receive greater thermal shock than vegetable/meat cooking
pots even though the mean heating time is shorter in rice cooking.

Their greater resistance to

thermal stress makes calderos more beneficial for rice cooking than for vegetable/meat cooking.
Kalinga housewives told us that another reason for the decreased frequency of ittoyom use
is the shortage of apin leaves near the village; they have to go to the rice fields to get them.

As

noted, eight to 12 apin leaves are placed inside of a rice cooking pot in order to produce a good flavor
and to prevent the rice grains from sticking to the interior wall and being burned.

In contrast to

ceramic rice cooking pots which always need apin leaves, calderos can do without them because
interior carbon deposits on a metal wall can be removed by hard rubbing. Thus, Kalinga housewives
have to use calderos when apin leaves are not available. Since vegetable/meat cooking does not use
apin leaves, the shortage of the apin does not affect the use of ceramic pots in the preparation of
these foodstuffs.
3. Acquisition costs.

Maintenance/acquisition

costs, which are complex, are analyzed in

relation to such factors as physical characteristics of a cooking vessel, washing cost, and production
costs. The price of a caldero is several times as expensive as an ittoyom of the same size. However,
considering the longer use life of calderos as well as the increasing availability of cash through wage
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labor and cash crop production (coffee), this higher price may not be a great disadvantage.
4.

Maintenance costs —washing. Washing cost means the amount of time and energy spent

in removing soot deposits. Ceramic pots, both ittoyom and oppaya, are washed for a much shorter
time than calderas. The shorter washing time for ceramic pots is explained by the fact that most soot
deposits are attached to the exterior surface, except for free carbon on the surface, and are not
removable even through very hard scrubbing. In contrast, soot deposits on the metal surfaces can be
removed by hard scrubbing because soot deposits on the metal pots contain a small amount of resin
(i.e.,contain more free carbon which is removable) than those on ceramic surfaces due to the lack of
permeability in the metal walls.
Ceramic pots are more or less permeable (the interior resin coating becomes abraded after
several times of use) when the pot is heated, and evaporation of the moisture on the exterior surface
makes the surface temperature lower than that in metal pots which do not have moisture on the
exterior surface. As Skibo (1992) demonstrated, when the temperature of the exterior surface is high,
resin which is contained in fuels and soot deposits evaporates and does not deposit on the surface.
As a result, soot deposits contain a smaller amount of resin, which is more easily removed by hard
scrubbing (see Chapter 8 for further discussion). In addition, the ceramic surface is more undulating
and contain many tiny pores. It is likely that soot deposits remain in the pores or hollows, making
their removal more difficult. Thus, soot deposits on a ceramic surface become no more removable
after short term scrubbing. In contrast, since soot deposits on a metal surface can be removed
completely, they have to be washed longer until the surface becomes shiny. Otherwise, the stillremovable soot deposits on the metal surface will dirty the hands of a cook.
In sum, calderas are replacing ittoyom, but not oppaya, because calderas can heat faster,
because the resistance to thermal

stress is more important

for rice cooking pots than for

vegetable/meat pots, and because the shortage of apin leaves discourages the use of ittoyom. Although
calderas are much more expensive and entail a greater washing cost, these disadvantages may be
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mitigated by their much longer use life as well as the above advantages. In contrast, oppaya have not
been replaced by metal pots because these performance characteristics are not very important for
vegetable/meat cooking.
In addition, Kalinga housewives listed heating efficiency and the shortage of apin as the main
reasons for caldero use, but did not mention the thermal shock factor. However, it is possible that
Kalinga cooks know by experience that ittoyom have shorter use lives and select calderos for rice
cooking.
In contrast to the replacement of ittoyom by calderos, which is not associated with any
changes in rice cooking techniques and rice consumption habits, the use of frying pans is associated
with the increased dietary importance of non-traditional foods. This difference in the nature of nontraditional cooking vessels explains the different rate of vessel replacements.

Rice Cake (Chaycot) Cooking
The type of pots used for chaycot cooking vary more or less with the type of chaycot. Tofu
is cooked in any kind of pot (ittoyom, oppaya, or caldero), but always in large sized pots. This is
because tofu is usually cooked in large amounts in ceremonial contexts. In contrast, ginitaan is most
frequently cooked for merienda in small/medium sized pots. When it is cooked in a small/medium
pot in the household, an oppaya or caldero is selected. This is because the ginitaan requires constant
stirring during cooking,, and so a pot with a wider aperture is preferred. Nilugao seems to be cooked
in any type of pot.
Because chaycot is cooked less frequently, there are no cooking pots specialized for chaycot.
Thus, chaycot is cooked in a rice cooking pot or a vegetable/meat pot that is normally used for its
original purpose. The relationships of the three chaycot varieties with pot types are based on vessel
size and neck constriction rather than whether a pot is for rice cooking (an ittoyom or a caldero) or
for vegetable/meat (an oppaya). The fact that ginitaan can be cooked either in a rice pot (caldero)
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or in a vegetable/meat pot contrasts with the strict differentiation
vegetable/meat cooking pots.

of rice cooking pots and
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CHAPTER 6. DIFFERENTIATION

BY USE: KALINGA POTTERY USE BEHAVIOR

Shepard (1976:224) mentioned that "the same shape may have been a variety of uses, and
conversely, the same purpose may be served by many forms." The first statement means multiple uses,
which is common in ethnographic data. The second statement can be interpreted in two ways. When
a variety of forms of pots are used for the same purpose, it is likely to due to stylistic variation or
different cultural traditions that coexisted. ■On the other hand, inter-settlement

(or inter-regional)

variations in the shape of pots with the same function are likely to reflect different decision-making
processes in terms of the balance between production/maintenance

costs and the necessity of

specialized pot types (functional efficiency of pots). Shepard (1976) also pointed out that vessels are
frequently used in ways not originally intended.
In Chapter 5 the relationships between cooking techniques and morphological features of
Kalinga cooking pots were examined. These relationships reflect the potter’s design of cooking vessels
which is conditioned by their function (or intended uses). However, in actual pottery use situations,
it is not unusual for a type of pottery to be used more than one way through unintended use, by reuse,
or by multiple-use.

This chapter examines. the degree of correlation between functional types and

actual uses of Kalinga cooking pots. First, the method of analyzing differentiation by use is discussed.
Next, the number of unintended pot use events is compared between different use contexts (the
household, ceremonial, and field cooking) and between different function types. Then, multiple use
and reuse are examined. Finally, to understand the processes leading to unintended use and reuse,
the history of pot use is examined.

METHOD OF ANALYZING DIFFERENTIATION

BY VESSEL USE

The analysis of differentiation by use proceeds according to two steps. First, the degree of
differentiation in a ceramic assemblage is examined in terms of vessel form and vessel size (volume).
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Then, correlations between the sub-types and actual vessel uses are examined. In chapter 5, the degree
of morphological and size differentiation of Kalinga cooking pots was examined. As a result, it was
found that everyday household cooking pots and ceremonial/communal cooking pots are very clearly
differentiated in terms of volume, and that rice cooking pots (ittoyom) and side-dish cooking pots
(oppaya) used for everyday household cooking (i.e., small/regular size) are clearly differentiated in
terms of neck constriction and relative height, but not volume. Thus, the Kalinga have four welldefined ceramic categories: large-sized (lalangan) oppaya and ittoyom, and small/regular sized oppaya
and ittoyom. Metal cooking pots (calderos) are also used for rice cooking in both everyday and
ceremonial contexts. In this chapter actual uses of the four ceramic types and calderos are examined.

Degree of Differentiation by Use
The degree of differentiation by use means 1) the degree of deviation from the intended use
(i.e. the frequency of unintended use and reuse), and 2) the range of use that is assigned to a pottery
type. Degree can be treated in three categories: 1) cooking pots are well differentiated into sub-types
by form, size or production technology, and each sub-type is used for a specific function, 2) cooking
pots are differentiated into subtypes, but the actual uses of the sub-types overlap, and 3) cooking pots
are not clearly differentiated: i.e.,sub-types exist, but they are continuous in distinctive features or
there is no clear differentiation by form or size. In the third case, even when cooking pots occur in
a single shape, the degree of size differentiation can be examined because lack of variation in vessel
size is uncommon.
In actual use, it is sometimes difficult to distinguish the second category from the third
because the range of uses (functions) assigned to a type of pot by the potter sometimes differs from
that assigned by their users. For example, in Guina-ang, a pottery-consuming village near Dangtalan,
housewives invented the category of semi-ittoyom/ oppaya for vessels whose neck constriction and
relative height lie in-between ittoyom and oppaya, and which can be used for both rice and side dish
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cooking. However, from the potter’s viewpoint, these pots were sometimes used for unintended uses.
In this dissertation, semi ittoyom/oppaya are treated as an independent pottery type, and is used as
an example of multiple uses.

However, in archaeological

data, without knowing the native

classification, it is very difficult to distinguish unintended uses from multiple uses (or broad functional
categories.) Thus, in the analysis of archaeological ceramics (chapter 9), these two categories are not
distinguished.

Factors Affecting Degree of Differentiation by Use
As noted, the "one-to-one" correlation between a pottery type and its use becomes more
flexible through

unintended

use, reuse, and multiple uses (or broad functional

categories.)

Unintended uses are examined in detail in this chapter as the most critical factor among the above.
Unintended uses have been commonly recorded in ethnographies that describe pottery use
behavior in depth. For example, among the Conibo of Peru, as many as half of the middle-sized water
jars were used for purposes other than those originally intended (DeBoer 1974). Reuse has also been
commonly reported (Schiffer 1987). For example, in Chanal and Aguacatenango, Mexico, 21% of all
household pots were reused (Deal 1985). Preliminary observation of Tarahumara cooking pots (stored
at the Arizona State Museum) also indicates that some water jars have soot deposits on their exterior
surfaces. Considering the fact that the number of ethnographies in which use behavior is described
in detail is very limited, this kind of unintended use (reuse or tactical use) may be ubiquitous.
In this chapter variation in the degree of differentiation by use is examined between different
vessel types and between different contexts of vessel use. The context of cooking is classified into four
categories:

1) everyday household

cooking, 2) everyday lunch cooking in the field house, 3)

ceremonial/ communal cooking in the village, and (4) communal cooking in the field for feeding
workers. Among them, everyday household cooking represents the most basic, ordinary situation,
whereas the rest are somehow "special" situations.

In this chapter, everyday household cooking is
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compared with ceremonial cooking and everyday field cooking.

Although it is useful to compare

everyday household cooking between different villages (especially, between pot-making and potconsuming villages), this comparison cannot be presented because detailed pot-use observations were
made only in Guina-ang.

The comparison between everyday household cooking and everyday field

cooking shows variation between the two locations (i.e.,different vessel assemblages).

In contrast,

comparison of everyday household cooking and ceremonial cooking shows variation in the household
vessel assemblage between different use situations (i.e.,everyday and non-everyday cooking). Thus,
these two sets of comparisons are intended to demonstrate intra-assemblage variability with the use
context (the latter) and inter-assemblage variability (the former).

UNINTENDED USE OF POTTERY IN HOUSEHOLD

COOKING

In this section, in order to demonstrate factors that cause unintended vessel use, the frequency
of unintended vessel uses in everyday household cooking is compared with vessel types, the kind of
foodstuffs cooked, the number of vessels owned in a household, and pot age. The analysis is based
on cooking survey data.

Participant observation data are not used because only six cases of

unintended vessel use were recorded.

Variation in Vessel Type
In the cooking survey data, ittoyom and calderos were used for side dish cooking in 7.3%
(194/2650) of all side dish cooking events, whereas oppaya were used for rice cooking in only 1.0%
(31/3065) of all rice cooking events (Figure 6.1, 6.1). The frequency of unintended use was also
calculated for each cooking pot. In the cooking survey, the pot number was identified by research
assistants who visited a household and asked an informant which pot in the kitchen was used for each
meal. When the informant pointed at a pot in the kitchen, the assistant identified the pot number
based on vessel type, volume, and neck decoration.

Thus, it is possible to count the number of
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Figure 6.1 and 6.2
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intended uses (e.g., the number of side dish cooking events for an oppaya) and unintended uses
during the survey for each cooking pot. The result is that among the ittoyom and calderas which had
experienced unintended uses (i.e. side dish cooking), more than one-third of them were used mainly
for the unintended function.

In contrast, most oppaya which had experienced unintended uses (i.e.

rice cooking) were used for rice cooking at most once or twice, and were used mainly for side dish
cooking.

These facts suggest that unintended uses occurred much more frequently in side dish

cooking than in rice cooking. There are three reasons for this.
First, because metal cooking pots are often preferred for rice cooking owing to their greater
heat efficiencies; ceramic cooking pots (oppaya) were not frequently used for rice cooking. On the
other hand, since ceramic cooking pots are considered to be more suitable for side dish cooking
because of their higher heat retention, ittoyom were also frequently used for side dish cooking.
Second, Kalinga cooks explained that oppaya were not used for rice cooking because the
smells of vegetable/meat which are absorbed into the vessel wall after a number of uses would make
the rice taste bad when the vessel was used again for rice cooking.

In fact, some vegetable/ meat

cooking pots had a characteristic odor, while rice cooking pots did not. One of the most important
criteria for judging good rice seems to be a pure rice flavor. When rice is cooked in an oppaya, its
flavor will be destroyed by the strong vegetable/meat flavors of the pot.

In contrast, side dishes

cooked in ittoyom or caldera pose no such problem. Although ittoyom or caldera used for vegetable/
meat cooking may acquire a vegetable/meat flavor and damage the rice flavor, it is not a serious
problem because only occasional use of an ittoyom or caldera for vegetable/meat may not leave a
strong flavor on the vessel’s wall.
Third, since many small/regular sized ittoyom were being replaced by calderas in rice cooking,
many usable ittoyom did not have the opportunity to be used for their original function (i.e., rice
cooking). Thus, it is likely that when no oppaya with an appropriate volume was available, an ittoyom
was occasionally used for vegetable/meat cooking. On the other hand, not having been replaced by
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metal cooking pots, oppaya were more actively used for their intended functions than were ittoyom.
Thus, few oppaya are available for unintended use.
Let us now compare ittoyom and calderas. In side dish cooking, unintended vessel uses were
much more frequent in the case ittoyom (4.8% of all side dish cooking events) than in calderas (1.2%)
(Table 6.1). This difference becomes more, pronounced when the relative frequency of unintended
uses is calculated for each vessel type: ittoyom were used for side dish cooking in 161 out of 756 total
ittoyom uses (21.2%), whereas calderas were used for side dish cooking in only 33 of 2376 total
caldera uses (1.4%) (Table 6.1). This fact can also be explained by the first two factors mentioned
above: first, ceramic cooking vessels are preferred for side dish cooking because heat retention
capability is also important in the preparation of side dishes, and second, ittoyom were being replaced
by calderas and found a new role in unintended use.

Variation in Food Type
The relative frequency of each food type cooked in ittoyom or calderas (i.e., cooked in
anomalously used cooking vessels) is compared with that in oppaya (i.e.,cooked in intended vessel
use). Cases in which more than two kinds of foodstuffs were cooked in a vessel were counted twice
for both food types. As a result, the frequency of each food type is similar between unintended and
intended vessel uses (Figure 6.3). Thus, it can be said that unintended vessel use is not directly
related to the kind of food cooked.
However, when food type frequency is compared between unintentionally-used ittoyom and
calderas, it can be observed that swidden and arboricultural crops (especially beans, and bamboo and
rattan)

were cooked more frequently in calderas (85.7%) than in ittoyom (75.3%), whereas

commercial and horticultural foods were cooked more frequently in ittoyom (13.6%) than in calderas
(5.4%) (Figure 6.4). Thus, calderas were more frequently used for the foodstuffs that need prolonged
heating than ittoyom. It can be suggested that calderas were sometimes selected for use with
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foodstuffs having hard shells in order to shorten heating time.

Variation with Pot’s Age
In order to examine the effect of the age of pottery on unintended

vessel use, vessel

production year is compared between the ittoyom (or oppaya) that experienced unintended use during
the cooking survey and all ittoyom (or oppaya) used during the survey. The cumulative frequency of
pot age (production year) was calculated for each category of pots (Figure 6.5). Unfortunately, the
age of caldero could not be obtained because calderos could not be identified by their vessel number
owing to the lack of neck decoration.

In the cumulative graphs (Figure 6.5), the overall pot age

becomes younger as the line graph moves toward the left.

As a result, there is no distinctive

difference in the pot age distribution between ittoyom which experienced unintended uses and those
without, whereas oppaya that had experienced unintended uses tend to be older than those without.
Thus, when an oppaya was used for rice cooking, an older pot tended to be selected, whereas ittoyom
used for side dish cooking were selected regardless of their age.
The above fact can be interpreted that oppaya used for rice cooking tend to be older because
newer oppaya were specialized in and actively used for side dish cooking and replaced the older ones.
On the other hand, because ittoyom were being replaced by calderos, even relatively newer ittoyom
were used for side dish cooking. Thus, ittoyom used for side dish cooking were often selected
regardless of their age.

Variation in the Number of Vessels Owned
It is expected that unintended uses occur more frequently when few pots are owned by a
household, and thus, a pot of appropriate volume is not available. To examine this hypothesis, the
number of unintended vessel uses in a household is plotted against the number of small/regular sized
pots (i.e.,pots for everyday cooking) owned by the household.
&

As a result, in side dish cooking, the

F igure 6.5

CUMULATIVE FREQUENCY (PERCENT)

100

------------------------------------------------------------------------------------------------------- —

ACTIVE ITTOYOM
OPPAYA USED FOR RICE
ACTIVE OPPAYA
rrroYOM u sed fo r viand

POT PRODUCTION YEAR
Figure 6 .5

Age o f a c t iv e p ots and p o ts with unintended u ses

224

number of small/regular oppaya owned by a household shows a negative correlation with the number
of side dish cooking events by ittoyom (Figure 6.6). In rice cooking, the number of unintended vessel
uses (i.e. rice cooked in an oppaya) is negatively correlated with the number of calderos (Figure 6.8),
but not with ittoyom (Figure 6.7). In fact, the number of ittoyom owned by a household is positively
correlated with the number of unintended uses for rice cooking. Thus, unintended vessel uses tend
to occur when there are not many oppaya or calderos of appropriate size available. In contrast, rice
was sometimes cooked in oppaya even though the household owns many ittoyom. This fact suggests
that ittoyom are being replaced by calderos not only in terms of vessel numbers but also in terms of
the use frequency of existing ittoyom.

Summary
Factors that affect the frequency of unintended uses can be examined from two perspectives:
(1) the reasons that rice or side dishes were sometimes not cooked in a cooking pot of the intended
type, and (2) the reasons that a certain pot was selected for unintended uses. Concerning the former
question, it is likely that unintended vessel uses occur when there is no pot (of the intended function)
of appropriate volume available. This is evidenced by side dish cooking in which unintended vessel
uses occur more frequently when the number of oppaya is small.
Concerning the second question, old cooking vessels or those not actively used for their
original function tend to be selected for unintended uses. For example, when oppaya are used for rice
cooking, older oppaya tend to be selected regardless of the number of oppaya or ittoyom owned by
a household.

On the other hand, ittoyom are not selected for rice cooking on the basis of their age.

This is probably because many ittoyom, regardless of age, are being replaced by calderos and are not
actively used for rice cooking.

Figure 6.6 and 6.7
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VESSEL USES IN HOUSEHOLD

COOKING AND CEREMONIAL COOKING

Data Sources
In this section, differences in cooking behavior between everyday household cooking and
ceremonial cooking are examined. Ceremonial cooking occurs on such occasions as weddings, barrio
fiestas, Christmas, peace pact renewals, ceremonies of redistributing wealth (posi-posu), cerebrations
of house building, and school graduations. The field recording of ceremonial cooking event was less
systematic than the cooking survey and participant observation of everyday household cooking for two
reasons. First, because it was important for the investigators to attend and observe the ceremonies
and fiestas, it was difficult to concentrate on the observation of cooking. Since communal cooking
in large cooking pots requires prolonged heating, it was difficult to stay in the cooking place from the
beginning to the end of the food preparation

sequence.

Second, since ceremonial foods were

sometimes cooked in many households and brought to the communal gathering, it was difficult to
cover the whole range of communal cooking. Thus, the analysis of the ceremonial cooking is based
on qualitative rather than quantitative data.
Communal cooking occasions observed by the author include (1) posi-posu in the village of
Malacsad (two kilometers east of Guina-ang), (2) the barrio fiesta of Guina-ang, (3) graduation
ceremony of the Pasil high school (held in the territory of Guina-ang), (4) ceremony for the judicial
settlement of an incident, and (5) cerebration of house construction.

In the first four ceremonies, a

large number of people gathered from neighboring villages, while the latter two ceremonies were
attended only by villagers.

Cooking Techniques
Foods cooked on ceremonial occasions include 1) rice as the staple, 2) rice cake (chaycot)
as a ceremonial delicacy, and 3) a side dish of meat or intestine (carabao, pig, dog, and chicken). In
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contrast to everyday side dish cooking, vegetables and fish are not served in ceremonial meals. This
may be simply because it is too time consuming to prepare a second side dish especially when a large
amount of food is prepared.

Each of these ceremonial dishes is described below.

(1) Meat
In the rice culture area, there may be a belief that ceremonial foods are special and should
be different from everyday meals. Meat is considered by the Kalinga as one of the critical elements
of ceremonial consumption.

In large-scale ceremonies, such as high school graduations and barrio

fiestas, watpr buffaloes are often butchered, as well as dogs. In these ceremonial contexts, a large
number of people gathered from several neighboring villages were fed with a meat-and-soup dish as
well as white rice, rice cakes (chaycot), and sugar cane wine (basi). In the Guina-ang barrio fiesta,
the chaycot and white rice were cooked in many households and brought to the school yard where
they were served to the public.

In other large-scale ceremonies such as wealth redistribution

ceremonies (posi-posu), meat was cut into cubes 10 cm on a side and distributed to each household
as a gift. In this case, instead of the meat-and-soup

dish, a stew-like dish made of water buffalo

intestine as well as rice, chaycot, and sugar-cane wine was served for the large number of attendees
who gathered from several villages.

In smaller-scale ceremonial contexts, such as the judicial

settlement ceremony (attended by well over 50 people), dogs were often consumed instead of water
buffaloes. In the judicial settlement ceremony, dogs offered by the household of the accused were
butchered and served as a meat-and-soup dish along with a dish made of dog intestine and blood.
Meat is rarely consumed in everyday meals for two reasons. First, because animals are very
expensive, they cannot be sacrificed for ordinary meals. For example, the value of a mature water
buffalo, an important animal in cultivating the rice fields, is almost equivalent to a patch of rice field
or two or three months’ salary of a school teacher (5000 pesos). The value of a pig is also 2000 pesos.
Second, because meat cannot be stored beyond a few days, a large amount of meat should be shared
among many people.

In addition to side meat dishes, a large piece of meat is distributed to each
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household as a souvenir by the host in funerals and the posi-posu festival. This meat was later cooked
in the household by the same cooking methods used in the ceremonies.
Meat is always cooked by boiling. When an animal is butchered, its meat is not removed from
the bones, but is cut by a large knife (bolo) into square pieces together with the bones, and placed
into a large pot for boiling. They were never boiled with vegetables or any other food, and flavored
only with salt.

Meat is never roasted, probably because the plain broth is also an important

component of a meal.
The meat with bones is always served in a bowl with their broth. Traditional coconut bowls
are sometimes used, especially when meat is served to a large number of people. These meat dishes
are always accompanied by rice, which is consumed from a large communal bowl. In the rice culture
area, it is generally considered that a meal should consist of the staple rice, one (or more) side dishes
(mostly vegetables or meat), and a soup, and that these three are consumed alternatively (or
simultaneously), rather than sequentially (i.e. eat a side dish after finishing soup). This is because, as
noted, vegetable and meat side dishes and soup are considered as flavoring for the staple rice.

(2) Rice Cakes (chaycot)
Chaycot is also considered a critical ceremonial food although they are also sometimes cooked
in merienda (between- meal snacks) because they are made of a rice that cannot be cooked on an
everyday basis. Glutinous rice varieties have a lower productivity than ordinary varieties and because
very sticky rice is less digestible than ordinary rice varieties, and so is not very suitable for daily
consumption.

In fact, one of the characteristics of the rice culture area is that rice cakes, usually

steamed, are consumed on ceremonial occasions.

Nilugao and ginita-an are usually served on

ceremonial occasions, but tofu is not common. Nilugao are served by being wrapped in a leaf while
ginita-an are served in a bowl.
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(3) Rice
On ceremonial occasions, rice is cooked in the same way as during everyday household
cooking. As noted, rice cooking is characterized by its regularity, and this holds true in ceremonial
cooking as well. The only difference from daily household cooking is the quantity prepared: in order
to serve many people, only large-sized rice cooking pots (ceramic or metal) are used. As noted, rice
was sometimes cooked in several households and brought to the ceremonial place for consumption.
In sum, communal cooking on ceremonial occasions differs from everyday household cooking
in terms of composition of meals: the side dishes are almost exclusively made of meat, and chaycot
(rice cakes) is almost always served. However, their cooking method is almost the same as used in
everyday household cooking. Rice is always served with meat and cooked in the same way as in
everyday cooking, and the side dish (meat) was mainly boiled and served with broth.

The only

difference in the cooking technique is that frying pans were used less often in ceremonial cooking than
in ordinary household cooking. Dishes cooked in frying pans include a carabao intestine soup and
rice flour noodles (beehun).

Pottery Use Behavior
Vessels used in communal cooking differ from those used in everyday household cooking in
terms of their size, number, and material.. Each variable s briefly examined.
(1) Vessel Size
Cooking pots used in ceremonial cooking (both rice and side dishes) are all large (lalangan
and chalay, over eight chupas), while such pots are very rarely used in everyday cooking. Thus, the
large and the small/regular cooking pots are functionally differentiated in a very distinctive way. This
sharp differentiation

in use is reflected in the clear bimodal pattern

in volume distribution:

small/regular sized pots are continuous, while large and regular/small vessels are clearly differentiated
(Figure 5.5,5.7a). Large cooking pots were not used in everyday cooking because of the following
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reasons.
First, rice is cooked at almost every meal in household cooking because, according to the
Kalinga, rice does not taste good when reheated or cold. Thus, it is not common to cook rice for more
than one meal, except when rice is brought to swidden fields for lunch. Thus, the amount of rice
cooked at a meal is limited to that which can be consumed by the household at that meal.
Second, a rice cooking pot can, and usually does, cook rice up to its mouth.

Compared to

side dish cooking in which the amount of food is about one-third of its volume, a much larger amount
of food (rice) can be prepared in the rice cooking pot when vessel volumes are equal.

Thus, the

amount of rice consumed in a household meal is almost equal to the volume of the rice cooking pot.
Using the age-sex composition of a household and Takaki’s (1977) method of estimating household
rice consumption

per day, one arrives at an average rice (uncooked grains) consumption

per

household per day of 11.96 chupas in Guina-ang (n = 95 households), 10.47 chupas in Dangtalan (77
households), and 10.21 chupa in Dalupa (n=78 households).

Assuming that rice is cooked in three

times each day, the average pot volume required for household rice cooking is between three and four
chupa. The average volume of rice cooking pots used during the cooking survey, 3.37 chupa in 3050
rice cooking events in Guina-ang, confirms this estimate. Since a rice cooking pot with an appropriate
volume was always selected at every rice cooking event, the large rice cooking pots (lalangan), with
a volume over eight chupas, were not used in everyday household cooking.
Finally, as noted, the amount of vegetable/meat/fish (in a side dishes) is usually much less
than the staple rice. The average volume of vegetable/ meat cooking pots used during the cooking
survey is even smaller than that of rice cooking pots (3.04 chupas in 2621 side dish cooking events).
Thus, vegetable/ meat cooking also requires no large cooking pots in ordinary household cooking.

(2) The Number of Pots Used for a Meal
Because a large quantity of rice, vegetables, meat and chaycot are cooked during ceremonial
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occasions, more than one cooking pot may be used for rice (vegetable/meat) cooking. This contrasts
with household cooking in which only one vessel is used for rice (or vegetable) preparation.

(3) The Type of Cooking Pots
In ceremonial rice cooking, large ittoyom are used more frequently than large calderos. This
contrasts with household cooking in which small/regular calderos are used much more frequently than
ittoyom. The average number of large (over eight chupas) calderos per household is 1.39, while that
of large ittoyom is 4.35. There are two reasons for this fact. First, large calderos are too expensive
to have replaced large ittoyom.

Second, because large cooking pots are used only occasionally in

ceremonial cooking, they have a much longer use-life. Thus, more traditional (older) cooking pots
are used on ceremonial occasions than in everyday cooking.

(4) The Frequency of Unintended Use
Although no quantitative data were recorded, unintended vessel use was not common in
ceremonial cooking.

As in household cooking, oppaya were never used for rice cooking. On the

other hand, cases in which side dishes (mostly meat in ceremonial cooking and vegetables in
household cooking) were cooked in a caldero were observed slightly more frequently in ceremonial
than in household cooking. Calderos are also suitable for boiling meat because meat does not need
prolonged heating, but rather intensive heating owing to the large volume. Another factor that could
result in unintended use is a shortage of cooking pots of appropriate volume. A shortage is unlikely
to have occurred in ceremonial cooking for two reasons. First, since large cooking pots have long uselives (Longacre 1985), many large cooking vessels (especially ittoyom) are owned by households (Table
5.1). Second, since ceremonial cooking is conducted communally, vessels of appropriate size and type
can be obtained from many households. Thus, the unintended use of calderos for boiling meat is likely
to have resulted from the functional reason (i.e.,higher heat conductivity of calderos) rather than a
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shortage of large oppaya.

COMPARING VESSEL USES BETWEEN HOUSEHOLD

AND FIELD COOKING

Household cooking is done three times a day; breakfast from 5 am to 7 am, lunch from 11
A.M. to 1 P .M .,and dinner from 5 P .M .to 7 P.M. (the time includes both cooking and eating). The
Kalinga of Guina-ang followed this eating custom with little variation. However, the Kalinga cook
lunch in their field house or granary when they work in the rice fields or swidden in lower elevations
(kaigan) near the field house. Several cooking pots are usually kept in the field house. A set of three
pot supports is built in the field house, or temporary pot supports are made by the placement of three
rocks. On the other hand, when the Kalinga work in swiddens in higher elevations (uma), where there
is no field house or granary nearby, they usually bring a boxed lunch and do not cook there.
In this section, first, household cooking and field cooking are compared in terms of kind of
foodstuffs, heating method, and food combinations.

Then, differences in cooking method are

correlated with those in vessel use behavior. Since analysis of field cooking is based on the cooking
survey data, the latter data are always used when field and household cooking are compared. Due to
limited time, field cooking was recorded in only 198 cooking events in 30 households.

Heating time

was not recorded in field cooking circumstances because a wrist watch was not available in the field.

Cooing Behavior
(1) Kinds of Foodstuffs
When the relative frequency of each foodstuff is compared between field and household
cooking, a pronounced difference is observed (Figure 6.9). First, the frequency of non-traditional
foods (horticultural and commercial foods) is lower in field cooking (7.0%) than in household cooking
(19.0%), whereas that of swidden crops and bamboo/rattan

is higher in field cooking than in

household cooking. Second, among the traditional foods, the frequency of jackfruits (4.1% for field
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cooking, and 7.5% in household cooking), meat (0% and 2.0%), and red ants (0.4% and 1.5%) is
lower in the field than in household cooking. It should be noted that these foods are not available
in the field. Meat is cooked in a house only when it was given at fiestas. Arboricultural crops, except
for bamboo and rattan, are mostly planted near or within village settlements.

Red ants (alaga) are

cooked immediately after they are caught in their nests. Since locating the red ants’ nest takes time,
it is unlikely that the Kalinga gathered red ants for lunch in the field. In addition, it should be noted
that bamboo and rattan are more frequently consumed in the field than in the household. Third,
among the traditional crops, leafy vegetables, and bamboo and rattan are more frequently consumed
in the field than the household.
These facts suggest that foodstuffs cooked in the field tend to be those available nearby.
Because commercial foods, horticultural plants, and arboricultural fruit plants (jackfruits and papaya,
excluding bamboo and rattan) were available mostly near the village, they were rarely cooked in the
field.

In contrast, traditional foods which are frequently cooked in the field (over 8%) are all

available near the field houses. Beans, squash, and domesticated green leafy vegetables are major
swidden crops. Wild leafy vegetables, bamboo and rattan, snails, and local fish (including eels) are
also available around the field houses. These facts suggest that field cooking tends to utilize foods
which are available nearby.

(2) Heating Method of Vegetable/Meat Cooking
Only one case of sauteing was recorded in observations of field cooking. In this case a frying
pan was temporarily brought from the village. No frying pan was recorded in the field house pot
inventory. Frying pans were not used in field cooking for two reasons. First, since frying pans are
relatively expensive, they are not kept in the field house. In addition, many cooking pots stored in
field houses were also brought from the village after they had been used for years in the house.
Second, foodstuffs that are available around

the field were usually not sauteed. As noted,
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non-traditional foods were more frequently sauteed and more frequently cooked in the household.
When the frequency of field cooking for each food type is plotted against that of sauteing in
household cooking, a clear negative correlation is observed: frequently sauteed foods (mostly nontraditional foods) were rarely cooked in the field, whereas foodstuffs not sauteed frequently (mostly
traditional foods) were more often cooked in the field (Figure 6.10).

(3) Multiple-Food Cooking
In the cooking survey data, the frequency of multiple-food cooking is higher in the field
(68/249=27.3 %) than in household cooking (594/3068=19.4% ). However, this is clearly because the
cases in which a foodstuff was transferred from a cooking pot to a frying pan and sauteed with other
foodstuffs was not recorded in the cooking survey data. Considering that there is almost no such case
in the field cooking events (i.e., frying pans were not used in the field), it is more reasonable to
compare the frequency of multiple food cooking events in the field (27.3%) with that in the
participant observation data for household cooking (56.5%). Thus, it can be said that household
cooking tends to use a larger number of foodstuffs in a dish. In addition, since almost no frying pans
were used in field cooking, the frequency of using more than one side dish cooking pot (not including
frying pans)

is slightly higher in field cooking

(17/198=8.6% ) than

in household

cooking

(107/3139=3.4% ).

(4) Summary
Compared to household cooking, field cooking is characterized by 1) far fewer non-traditional
foods (dominated by swidden crops), 2) mostly single foodstuffs in a dish, and 3) the near lack of
sauteing. These three characteristics are related to each other in the following manner. Field cooking
is dominated by swidden crops because non-traditional foods and some arboricultural crops were not
available in the field. Because these swidden crops can constitute a complete side dish without being

Figure 6.10 and 6.11
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mixed with other foodstuffs, they tend to be cooked alone. These swidden foods need boiling because
many of them have hard shells or hard skins. Frying pans are not necessary because these foods are
mostly not mixed with other foodstuffs.

Vessel Assemblage
Cooking pots in field houses were inventoried in 23 households (Table 6.2). In the inventory,
type and chupa volume were recorded for each pot. Pot production year was not recorded for the
field cooking pots because many of them (small/regular sized pots) are older than household pots and
are so dates were more difficult to identify. However, Kalinga housewives told us that cooking pots
used in field houses were usually transferred from the household after some years of use, and that new
pots were rarely used in field houses.
As noted, Kalinga cooking pots (excluding frying pans) consist of four functional types of
ceramics (small/regular sized ittoyom and oppaya, and large ittoyom and oppaya) as well as metal
cooking pots (calderos).

The number and relative frequency of these functional types are compared

between the household assemblage (n=101 households) and the field house assemblage (n=23
households) (Figure 6.11).
1. Average number of cooking pots owned per household:

In the small/regular sized pots

(i.e .,everyday cooking pots), the field house inventory has fewer vegetable/meat cooking pots (oppaya:
a mean of 2.48 pots; n= 2 3 households) and rice cooking pots (2.04 ittoyom and 1.17 calderos) than
the household (village) assemblage (5.50oppaya, 2 .3 7 ittoyom, and 6.04calderos; n=101 households).
This may be because cooking pots in the field houses were used much less frequently (i.e.,only for
lunch) than the household cooking pots.
Among the large cooking pots (i.e.;those for communal consumption), the mean number of
oppaya does not differ significantly between household (1.71 pots) and field house assemblages (1.17
pots), whereas the number of rice cooking pots is significantly greater in the household assemblage
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(4.76 large ittoyom and 1.27 large calderos) than in the field house assemblage (2.09 and 0.09,
respectively). In particular, the number of large-sized ittoyom per household is distinctly greater in
the household than in the field. In total, the mean number of field pots owned per household (a
mean of 4.7 small/regular, and 2.3 large) is much lower than that of household pots (a mean of 12.3
in small/regular, and 6.4 in large).
2. The relative frequency of each size class: When the relative frequency of the small/regular
and the large is calculated for each pot type, oppaya and calderos are dominated by the small/regular
size in both of household (village) and field house assemblages.

On the other hand, the size

composition of ittoyom differs between the two assemblages: in the household (village) ittoyom are
dominated by small/regular vessels, whereas there is an approximately equal number of small/regular
and large ittoyom in the field house. This difference can be explained by the declining importance
of ittoyom in the household assemblage.

As noted, the small/regular ittoyom were mostly replaced

by calderos in the household cooking, while the large ittoyom were used for communal consumption
as frequently as the large calderos. Because small/regular ittoyom, being replaced by calderos, were
brought to the field house, the frequency of small/regular ittoyom is higher in the field assemblage
than in the household assemblage. On the other hand, the fact that the frequency of the large ittoyom
in the field house assemblage is similar to that of the household suggests that ittoyom are still
important for ceremonial cooking in the village.
3. The relative frequency of each vessel type: The frequency of calderos is much lower in the
field house assemblage than the household assemblage. Two facts can provide an explanation of this
pattern: the value and use-life of the pot. First, because calderos are more expensive than ceramic
vessels (more than three times as expensive), they tend to be stored in the household.

That there

were only two large calderos in the field house assemblages reflects their high value. Second, because
calderos have a much longer use-life than ceramic vessels, they continue to be used in the household
rather than transferred to the field house.
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Vessel Use Behavior
(1) Rice Cooking Vessels
Three sources of data suggest that calderas were used less frequently in the field than in the
household. First, in the cooking survey data, the mean caldera use frequency per household is higher
in household cooking (76.3%, n= 62) than in field cooking (58.1% ,n=24). Second, when the number
of caldera uses and ittoyom uses is examined for each household, the mean use frequency of calderas
is higher in household cooking than in field cooking in 17 of 24 households.

Finally, caldera use

frequency in total cooking events is also higher in household cooking (76.5%) than in field cooking
(67.0%), though the difference is less distinctive (Table 6.1).
This fact can be explained by 1) a more limited availability of calderas and 2) a greater
availability of small/regular sized ittoyom in the field houses. As noted, because calderas are more
expensive and have a longer use-life than ceramic pots, fewer calderas were stored in the field houses
than in households. Thus, calderas are sometimes brought from the village when they are used in the
field. It was recorded that five calderas and one ittoyom were temporarily brought from the village
to a field house for one day, and used for unintended vegetable and meat cooking. In the village, they
were not used for vegetable/meat cooking. Furthermore, calderas were rarely used in the field because
many ittoyom were stored there.

(2) Vessel Volume
The mean volume of pots used for vegetable/meat cooking is larger in the field (3.42 chupas)
than that in household (X = 3.04 chupas). On the other hand, the mean volume of pots used for rice
cooking shows less pronounced differences between household cooking (X = 3.37 chupas) and field
cooking (X = 3.47 chupas). These differences cannot be explained by the size of consumption group
because household cooking involves a larger number of people than field cooking.

Thus, the

differences likely result from such factors as the kind of food and the availability of an appropriate
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pot.
Non-traditional

foods, which are softer and tend to be cooked in a smaller pot than

traditional foods, were cooked more often in households than in the field.
non-traditional

The frequency of

foods boiled in a pot is also higher in household cooking (257 /2621 cooking

events=9.8% ) than in field cooking (13/199=6.5% ). Compared to swidden crops with hard shells
(especially beans and squash), non-traditional

foods do not need a large amount of water during

boiling. Thus, the higher frequency of non-traditional foods boiled in household cooking could be
one reason for the smaller mean volume of cooking pots in household.
Because fewer pots are stored in the field than in the household, the availability of a pot of
appropriate size is more limited in the field. Thus, it is likely that when a pot of appropriate size was
not available in the field, a larger pot, rather than a smaller pot, was used.

Unintended Uses
Variation in the number of unintended pot uses in relation to vessel type, food type, and the
number of pots owned in the field house are examined, and compared with those in the household
(Table 6.1).
(1) Variation in Vessel Type
Unintended uses in field cooking occurred more frequently in side dish cooking (i.e., in
ittoyom or calderos: 25.6% of 238 side dish cooking events) than in rice cooking (in oppaya:
3/195 = 1.5%). On the other hand, there are' two differences between field and household cooking in
the frequency of unintended uses.
First, unintended uses in rice cooking occurred at nearly the same frequency between field
(1.5% of 195 rice cooking events) and household cooking (1.0% of 3065 rice cooking events).
However, unintended uses in side dish cooking occurred much more often in the field (25.6% of 238
side dish cooking events) than in the household (7.3%).
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Second, in household cooking, unintended uses in side dish cooking mostly involved ittoyom
(6.1%); calderos were rarely used in this way (1.2%).

On the other hand, in field cooking both

ittoyom (13.0%) and calderos (12.6%) were often used for side dish cooking.

(2) Variation by Food Type
When the frequency of each food is compared between total field cooking events and cooking
events with unintended pot uses (i.e. side dishes cooked in ittoyom or calderos), it is observed that
non-traditional

foods (horticultural

crops and commercial foods) were less frequently cooked in

ittoyom or calderos than in oppaya, whereas leafy vegetables, and bamboo and rattan were more
frequently cooked in ittoyom or calderos than in oppaya (Figure 6.12), This tendency is unlikely to
be accidental because the same result is observed in household cooking (Figure 6.3). Since bamboo
and rattan, like beans, have hard shells and need prolonged heating, this fact cannot be explained by
heating method.

On the other hand, both bamboo/rattan and leafy vegetables do not have strong

smells. Thus, leafy vegetables, and bamboo/rattan may have been more frequently cooked in ittoyom
or calderos probably because they have less distinctive smells, and thus do not damage the rice’s
flavor.

In contrast, non-traditional

foods, especially canned sardine and dried fish, have very

distinctive smells and are likely to damage the rice’s flavor if they are occasionally cooked in rice
cooking pots.
In addition, when the frequency of each food type is compared between side dish cooking in
ittoyom and in calderos, beans and bamboo/rattan were more frequently cooked in calderos than
ittoyom. This tendency is observed both in the household and field house cooking (Figure 6.4,6.13).
Thus, it can be said that when side dishes were cooked (as an unintentional use), foodstuffs with hard
shells or hard skins were cooked more often in calderos.

Because these foods need a prolonged

heating, it is hypothesized that when a housewife wants to shorten the cooking time for some reason,
she tends to use a caldero instead of an oppaya.

Figure 6.12 and 6.13
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(3) Variation in the Number of Pot Owned
In everyday household cooking, it was found that the number of side dishes cooked in ittoyom
or calderos is greater in households that had fewer small/regular sized oppaya (Figure 6.6). In field
cooking the same tendency is observed: when the number of cooking events in which side dishes were
cooked in ittoyom or oppaya in each field house is plotted against the number of small/regular sized
oppaya stored there, a negative, though not very strong, correlation is observed (Figure 6.14). Thus,
it can be said that in both household and field cooking, the shortage of an appropriate cooking pot
is one cause of unintended uses.

(4) Summary
The similarities and differences in unintended vessel uses between household and field
cooking can be summarized as follows.
First, in both household and field cooking, unintended uses occurred more frequently 1) in
side dish cooking than in rice cooking, 2) in the foodstuffs that were more available in the field and
possibly that have less pronounced odors, and 3) in households that owned fewer small/regular oppaya.
These facts confirm the above hypothesis that the occurrence of unintended uses was affected by the
cooking method (the high degree of regularity in rice cooking) and the number of pots available in
the cooking location.
Second, the most distinctive difference between household

and field cooking is that

unintended uses for side dish cooking occurred much more frequently in the field than in the
household.

As noted, unintended uses of oppaya (in rice cooking) were rare both in household and

field cooking because the odors retained by an oppaya may spoil the rice flavor. The differences in
side dish cooking are likely to have resulted from 1) the more limited number of oppaya, 2) the
greater availability of extra ittoyom, 3) greater pot age, and 4) the greater availability of leafy
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FIELD COOKING
THE NUMBER OF UNINTENDED USES IN VIAND COOKING

THE NUMBER OF SM/REGULAR OPPAYA

F i g u r e 6 .1 4 R e l a t i o n s h i p b e tw e e n t h e n u m b e r o f u n in te n d e d v e g e t a b l e / m e a t c o o k in g e v e n t s a n d
t h e n u m b e r o f o p p a y a o w n ed i n f i e l d h o u s e f o r e a c h h o u s e h o ld

Figure 6.15

Age o f p o t s i n v a r i o u s s t a g e s o f u s e

247

vegetables and bamboo/ rattan and the lesser availability of non-traditional foods.
Concerning the number of oppaya owned, there were more than twice as many small/regular
oppaya owned per household in the village than in the field. When there is no oppaya of appropriate
size, a cook had to make the decision to use an oppaya of inappropriate size or to use an ittoyom or
caldero. In contrast, such problems arise less frequently in household cooking because a wider range
of pots is available in the house and because the cook can borrow an oppaya from her neighbor when
a pot of appropriate size is not available.
Because calderos were replacing ittoyom in household cooking, more ittoyom were either 1)
displaced or put into "dead storage", 2) brought to the field houses, or 3) unintentionally used for side
dish cooking. In contrast, ittoyom in the field houses were used actively because far fewer calderos
were available there.
Third, both in the household and field houses, ittoyom were more often used for side dish
preparation than calderos. In field cooking; as many as one-third (31/93 cooking events) of ittoyom
uses were for side dishes, whereas only 18.8% of caldero uses (30/160 cooking events) were for side
dishes (Table 6.1). In the household, the difference between ittoyom (21.3%; 161/756) and calderos
(1.4%; 33/2343) is much more pronounced.

The use of calderos for vegetable/meat cooking causes

fewer problems than ittoyom because the smell of vegetable/meat will not be absorbed into the wall.
Thus, the fact that calderos are much less frequently used for vegetable/meat cooking also suggests
that ittoyom were more frequently used unintentionally because of their declining role in rice cooking.
In sum, the above analysis suggests that factors affecting unintended use include 1) the flavor
of food (i.e. the flavor of vegetable/meat should be avoided in rice cooking, whereas rice flavor does
not harm vegetable/meat cooking), 2) the number of pots owned (i.e. unintended uses are likely to
occur when the number of pots is not adequate to meet all demands for pots), and 3) the use
frequencies of pots (i.e. unintended uses occur more frequently for pot. types that are being replaced
with a new type and, therefore, are not used frequently).- The first factor diminishes unintended uses,
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while the latter two factors promote them.

The difference in the frequency of unintended uses

between household and field cooking mainly results from the second and third factors, while the
difference between rice cooking and vegetable/meat cooking results from the first and third factors.
The near absence of unintended uses in oppaya in both household and field cooking scenarios suggests
that the first factor has a very strong effect on cooking pot selection.

MULTIPLE USE

Type of Multiple Use
Multiple use (or broad functional category) can be classified into three types: (1) pottery can
be used for holding more than one kind of contents within the same operation, (2) used for more than
one kind of usage with the same contents, and (3) used for more than one kind of usage and more
than one kind of contents.

The latter two are called "multiple uses" (Smith 1985).

The first type is very common since various cooked materials are usually used in side dishes,
thus in many cases this is not regarded as a multiple uses. However, there are also many cases in
which cooking pots may be differentiated into several sub-types even though the cooking techniques
are all the same. For example, the Yami of Taiwan used to have distinct meat pots, potato pots, and
special vessels for frying fish (Kano 1941). When an assemblage of the first type is compared with
more differentiated ceramic assemblages, the former can be considered a broader functional category/
The second type has also been commonly reported in ethnographies for the carrying and/or
storing of liquid (e.g.,K alinga water jars and Fulani sorghum drink pots) and the cooking and/or
storing of ceremonial drinks (e.g.,Tarahumara tesquino pots). Smith’s. (1985) data on ethnographic
Southwestern U.S. pots indicate that out of 14 pots used either for storing liquid or transporting
liquid four pots were employed for both functions.
The third type is exemplified by Navajo pots, which are occasionally used for washing clothes
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and soaking materials as well as cooking (Hill 1937). In this dissertation, multiple uses are restricted
to the third type.

Guina-ang housewives refer to pots an "ittoyom/oppaya intermediate"

or a

"semi-ittoyom/oppaya" (abbreviated to "semi" below) when they cannot determine if the pot is an
ittoyom or an oppay a. Interestingly, this category did not exist in pot-making villages like Dangtalan
and Dalupa.

In pot-making villages all housewives (but not men) could distinguish ittoyom from

oppaya because many of them produced (or once produced) pots and because almost all pots they
used had been made in the same village. Thus, the semi pot category suggests that classification
systems can differ between pot-making villages and pot consuming villages: the pot consuming villages
tend to use broader (or more ambiguous) functional categories than the pot-making villages.

Possession of Semi-Ittoyom/Oppaya Pots
In Guina-ang, 64 semi pots were inventoried in households.

However, among the 23 field

houses inventoried, no semi pots were recorded. Some semi pots existed in some field houses in which
the cooking survey was conducted but the pottery assemblages were not recorded.
The number of intermediate pots in each household does not show a correlation with the
number of other types of pot owned. Thus, a pot is designated a semi pot not because a household
does not own enough cooking vessels.

Use of the Semi pots
Guina-ang housewives told us that semi pots could be used either for cooking rice or
vegetable/meat. In the cooking survey data, 28 semi pots were recorded in 233 cooking events in 22
households.

The following points were observed in the use of'semi pots.

1. Context of use: In the field houses, only three pots (all large) were used in seven cooking
events (as noted, these field houses were not inventoried).

On the other hand, in the village

households 28 pots (all but two are small/regular size) were used in 96 rice cooking events and 130
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Use of seaHttoyom/oppaya pots in d a ily household cooking (cooking survey data)
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side dish cooking events. Thus, the semi pots were more frequently used in the village than in the
field.
2. Type of food cooked: The use frequency of 28 semi pots in the household is a little higher
for vegetable/meat cooking (130 use events, or 57.5%) than for rice cooking (96 events). This fact
may be explained by the Kalinga’s preference for metal pots (calderos) for rice cooking. When the
frequency of each foodstuff cooked in semi pots is compared to that of total side dish cooking events,
no significant difference is observed. Thus, the semi pots were not intended for cooking specific types
of foodstuffs.
Third, the number of semi uses does not show a positive correlation with the number of pots
owned. Although the household with the most intensive semi uses (household #1) had fewer cooking
vessels than other households, other semi users were not so constrained.
Finally, among the 28 semi pots used in the household, only eight pots were used for both
rice cooking and vegetable/meat cooking during the cooking survey (Table 6.3). Seven semi pots were
used only for rice cooking, 12 pots were used only for vegetable/meat, and one pot for chaycot only.
However, when semi pots with fewer than five uses during the survey are excluded, seven out of 18
pots were used for both rice and vegetable/meat.

Thus, the majority of the semi pots were used for

a single function.

Summary
The number of cooking events using semi pots owned in Guina-ang households does not show
correlations with the total number of cooking vessels owned in the households. This fact suggests that
Guina-ang cooks did not assign multiple functions (or broad functional category) in labeling these
pots because of limited availability of appropriate

pots.

Considering the fact that the semi

ittoyom/oppaya category existed only in the pot-consuming village, and that the majority of the semi
pots were used for only a single function, perhaps Guina-ang cooks labeled the semi pots so partially
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because they could not determine by shape whether the pot was an ittoyom or an oppaya.
The above facts suggest that when the number of pots possessed is not restricted (e.g.
settlement mobility), the occurrence of multiple uses reflects a gap between the potter’s and the users’
vessel classification.

In pot-producing villages (i.e. Dangtalan), ittoyom and oppaya were clearly

distinguished because pots owned in a household were produced by the household or by potters who
were familiar to the household potters. On the other hand, in a pot-consuming village (Guina-ang),
the distinction between ittoyom and oppaya type was not always clear because the criteria (i.e. the cut
off point in neck constriction and relative height) to separate the two types differ slightly between
potters. Thus, even though the criteria to separate the two types had been strictly consistent for each
potter, there were some overlaps in the shape between the two types when pots produced in the
village were observed as a whole.

REUSE
Reuse induces flexibility in form-function relationships.

Reuse is defined here as the use of

a pot in a way that was not originally intended after the pot was used for its original function. Unlike
the unintended uses, reused pots were never used for their original function. For example, the use
wear questionnaire data suggest that some cooking pots are temporarily used to store apins (leaves
used for rice cooking) and other solid materials.

Since these pots are likely to have been used for

their original function, too, they cannot be regarded as reused pots. In this section, the type of reuse,
the vessel type of reused pots, and the age of reused pots are examined.

Type of Reuse
Among the Kalinga, reuse was mostly limited to roasting pots (lingas) and pig slop pots
(anglans, Table 6.4). No new pots were used as lingas or anglans. Although there were other reuses
recorded, such as the use of an ittoyom as a water storage jar (large-sized) or a flower pot (regular
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sized), only one case of each was observed. In addition, archaeological sherds are often made into
scrapers, spindle whorls, or ground into ceramic temper, but the Kalinga never reused any sherds: all
broken pots are simply thrown away. Thus, it can be said that the range of reuse is relatively limited
for Kalinga pots.

Since only one linga and one or two anglans are necessary in a household, this

limited range of reuse results in a large number of "dead storage" pots and pots whose use frequencies
are very low.
As noted, roasting pots are used for beans, coffee, and chile. A pig slop pot is usually placed
beside (or inside) the hearth, and all waste food, including vegetable skins, water taken from rice
cooking pots, and leftover food, are put in it. When pigs and dogs are fed, a pig pot is carried
outside.

Calderos are preferred for pig slop probably because physical strength is important and

because calderos have iron handles and are easily carried. Thus, Kalinga reused pots are used only
in a limited range of ways and are recruited from a limited range of pot types.

Frequency of Reuse
The mean number of reused pots per household is 1.56 (81 roasting pots and 78 pig slop
pots). Only 19 households in Guina-ang lacked reused pots. The number and relative frequencies
of reused pots in a household do not correlate with the number of pots owned (either total and each
types).

Vessel Type
Roasting pots (lingas) and pig slop pots (anglans) tend to differ in shape and size (Table 6.4).
Roasting pots are usually small/regular ceramic pots and no iron pots (calderos) were used.

The

frequency of small/regular pots that were reused as roasting pots is similar between ittoyom and
oppaya.

In contrast, pig pots show a higher frequency of large vessels (32.5%) and of metal pots

(52/80=65% ) than roasting pots. Small pig slop pots are mostly calderos.
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Table 6.4 and 6.5

S ize

Type

P ig slo p pot (anglan)

Roasting pot (linga)

T o ta l/ to ta l pots

Sm all/regular
s iz e

Ittoyom
Oppaya
Semi I/O
Caldero

26
44
2
0

8
5
0
39

34/289=11.8%
49/603=8.1%
2/66=3.0%
39/661=5.9%

Large s iz e
over 8 chupas

Ittoyom
Oppaya
Semi I/O
Caldero

8
1
0
0

6
6
1
13

14/442=3.2%
7/140=5.0%
1/17=5.9%
13/141=9.2%

Total

Ittoyom
Oppaya
Semi I/O
Caldero

35
50
2
0

15
11
2
52

50/731=6.8%
61/743=8.2%
4/66=6.1%
52/802=6.5%

Table 6 .4

Ways o f reuse by pot type.

Dead sto r e

In use
Sm all/regular
s iz e

Ittoyom
Oppaya
Semi 1/0
Caldero

134
337
28
500

(51.0%)
(60.4%)
(63.6%)
(84.9%)

58
79
9
39

Large s i z e
over 8 chupas

Ittoyom
Oppaya
Semi 1/0
Caldero

406
125
16
127

(91.4%)
(89.3%)
(94.1%)
(90.1%)

Total

Ittoyom
Oppaya
Semi 1/0
Caldero

540
462
44
627
Table 6 .5

Reuse

New (stocked

34
49
2
39

(12.9%)
(8.8%)
(4.5%)
(6.6%)

37
93
5
11

0
0
0
0

14
7
1
13

(3.2%)
(5.0%)
(5.9%)
(9.2%)

22 (5.0%)
8 (5.7%)
0
1 (0.7%)

58
79
9
39

48
56
3
52

(22.1%)
(14.2%)
(20.5%)
(6.6%)

"

59
101
5
12

Conditions o f pot use by pot type

(14.1%)
(16.7%)
(14.3%)
(1,9%)

Total
263
558
44
589
444
140
17
141
707
698
61
730
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When lingas and anglans are combined, the frequency of reused pots in each type is highest
in ittoyom and lowest in calderos.

The relative frequency of reused pot is affected by their use

frequency and the durability. Calderos were not reused as frequently as ceramic pots because calderos
are not easily broken.

Ittoyom were reused more frequently because they are being replaced by

calderos and because they are not particularly durable. Thus, small/regular calderos tend to be older
than small ittoyom and oppaya.

Pot Age
When variation in reuse frequency is compared with oppaya age, it is observed that reuse
frequency increases from the first year (1988) through 1982-83 (5-6 years of age), then stabilizes
(Figure 6.15). Reused pots tend to be older than pots in use, in dead storage, and with unintended
use experience.

POT USE HISTORY: THE TRANSITION TO UNINTENDED USES AND REUSE
The above analysis has shown that the age of a pot is one factor that promotes unintended
pot use and reuse. Thus, in order to analyze the process by which a pot is put to reuse or unintended
use, it is necessary to examine its use-history. In this section, pot age (production year) is compared
among various stages of use. The stage of pot use can be categorized into stockpiling (or new pots),
active use, dead storage, and reuse. Analysis of the stage of use and pot age is based on the cooking
survey data in Guina-ang (Table 6.5).

Stockpiling
Nelson defined stockpiling as "the accumulation of new vessels for eventual use" (Nelson
1991:171). Among the Kalinga, stockpiled pots include "long-long" pots, which are heated once with
pig slop (potato skins or other inedible organic materials) in it in order to remove the smell of their
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resin coating (the Kalinga say "to set the resin coating") before it is used for cooking, as well as those
which are not used at all. "Long-long" is done in order to remove the objectionable odor of the resin
coating, thus "long-long" vessels are those ready for cooking but not yet used.
The mean number of unused pots in a household is 1.42 for small/regular sized vessels and
0.36 for large pots (n=102 households).

The small/regular size is higher because such pots were used

more frequently and thus had shorter use lives. When the relative frequency of unused pots in the
inventory is compared in relation to pot type, it is observed that there are more unused vessels in the
small/regular

sized oppaya (93/558 = 16.7%) and ittoyom (37/263 = 14.1%) categories

than

in

small/regular sized calderos (11/589 = 1.9% ,Table 6.5). This is clearly because calderos are not easily
broken, and do not need to be stockpiled.

In an ethnoarchaeological

study of San Mateo Ixtatan

ceramics, Nelson suggested that in a pot-consuming community the need for stockpiled pots is related
to short use-lives of individual vessels; "The higher the failure rate of vessels, the greater the need to
have ready replacements" (Nelson 1991:171).
When the age (production date) of unused pots is compared by type, it is observed that the
frequency of unused pots over three years old (i.e. production date is before or equal to 1984) is
higher in small/regular sized ittoyom (14/36=39.8% ) and caldero (9/10=90.0% ) than among
small/regular sized oppaya (10/93 = 10.8%).

This figure suggests that some cooking pots were

stockpiled for a long time, and that some may have been stored without clear intention of future use.
When the frequency of unused pots produced before 1984 is compared by type, it is observed that
small/regular unused ittoyom (22/36=60.2 %) have a much higher frequency of older pots than oppaya
(83/93=88.2% ). Thus, it is likely that many ittoyom were stockpiled without clear intention of future
use.

Pots in Use
The definition of "in use" is different between small/regular cooking pots, which are used for
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everyday cooking, and large cooking pots, which are used only occasionally for ceremonial, communal
cooking events. The latter may be used only once in two years, while small/regular sized pots are used
much more often. In the household inventories, "in use" is defined by the location of the pot (in the
kitchen or on a living room shelf) and the date of the vessel’s last use. Pots in daily use are usually
stored in the kitchen, while most large pots are stored on living room shelves. Small/regular pots that
are occasionally used for everyday cooking are rarely stored on living room shelves.

Thus, for

small/regular sized pots (smaller than nine chupas in volume) "pots in use" are defined as those vessels
used for rice or vegetable/meat cooking and stored in the kitchen and whose last use occurred after
1986 (i.e.,had not been used more than one year). On the other hand, for large pots, "pots in use"
simply means those which are not reused nor new.
In the cooking survey data, the small/regular "pots in use" can be further classified into "pots
in active use" and "pots in passive use." Here, "pots in active use" are defined as those vessels used
at least once during the cooking survey, whereas "pots in passive use" are defined as those kept in the
kitchen and used at least once within the last two years, but not during the cooking survey.
Only a few households use the same pots continuously for several meals. Other minor factors
that could account for pot rotation include a lack of pot washing (cooking pots used for supper may
not be washed until the following morning) and the use of leftovers (since leftovers are preserved in
a pot until the next meal , another pot must necessarily be used for the next meal). However, these
minor factors are not likely to occur frequently (see chapter 5).
Relationships between the use frequency of "pots in use" (small/regular oppaya)

and their

age are examined in the following ways. First, the use frequency of each oppaya is calculated by
dividing the number of use events for each vessel by the total side dish cooking events in the
household. Then, the average use frequency is calculated for each pot age (Figure 6.16). As a result,
the use frequency of oppaya increases from the age of 0 (made in 1988) to the age of two years (made
in 1986), and then decreases as pots become older. Thus, it is demonstrated that small/regular oppaya
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which were used for everyday cooking pots in rotation gradually decrease their use frequency after two
years of use. Even though these oppaya were usable, they were gradually being replaced by newer
(younger) oppaya.

Dead storage
Nelson defines dead storage as "the retention of old vessels after their useful life is basically
exhausted" (Nelson 1991:171). Here, unlike Nelson’s definition in which dead storage includes reuse,
reuse is a separate category employed to clarify the process of reuse. Pots in dead storage are defined
those that have not been used for years for their original function, but are not reused yet. This
category is not applied to large cooking pots, whose use frequencies are low by nature. Thus, "dead
storage pots" are defined as small/regular cooking pots stored on living room shelves or whose last
use is before (or equal to) 1986. It should be noted that it is difficult for housewives to tell whether
or not a pot will be used for its original function after a long period of disuse. Although most of
them are finally thrown away after a certain period of dead storage or reused as lingas or anglans,
some of them are again used for their original function.

When the frequency of dead-storage in

small/regular vessels is compared among oppaya, ittoyom, and calderos, the frequency is highest in
ittoyom and lowest in calderos. The same pattern is observed in the frequency of reused pots.

To summarize the results of the above analysis, cooking pots change functional categories
from unused to active use, and then to either dead storage, unintended use, or reuse as they become
older, even though they are completely usable (Figure 6.16). The use frequency of oppaya is highest
in their second year, and then decreases thereafter.

There are two reasons that still-usable cooking

pots are gradually replaced by newer vessels. First, it is hypothesized that even though pots may not
be broken or damaged, their heating effectiveness gradually decreases owing to thermal fatigue of the
vessel walls and the abrasion of the interior resin coating (see Skibo 1992). These two factors are
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likely to cause more water leaking, thus reducing heating effectiveness. Second, new pots are often
obtained through the custom of gift-giving. Thus, even though housewives do not need a new pot,
they may begin using a new pot received as a gift.

DISCUSSION: ARCHAEOLOGICAL

IMPLICATIONS

In chapter 9, analysis of functional differentiation in archaeological cooking pots proceeds in
the following manner.

First, functions of pot types are inferred from their shape and size, and the

degree of differentiation is examined.

Inferences are based on the predictions from ethnographic

models of vessel form-function relationships presented in Chapters 5 and 7. When the cooking pot
assemblage has been discovered to be differentiated into sub-types, the inferred function of each subtype is cross-checked by its actual use as inferred from use-alteration patterns. The inference of actual
pot use is based on ethnographic and experimental models of the relationships between use-alteration
patterns and use (cooking) behavior (chapter 8 and Skibo 1992). Finally, when the expected usealteration patterns are not observed, the possibility of unintended uses and reuse, as well as multiple
uses (or broad functional category), is also considered. To do this, it is necessary to have a series of
models describing situations in which reuse and unintended uses occur more frequently. Based on
these analyses, the following hypotheses can be proposed.

Hypothesis 1. Variations in the occurrence of unintended uses by vessel type
It was observed that unintended uses occurred more frequently in ittoyom (rice cooking pots)
than in oppaya (side dish cooking pots) at least partially because it is necessary to prevent aromas of
side dishes from altering the flavor of rice. On the basis of this finding, it can be hypothesized that
use-alteration patterns in side dish cooking pots are more likely to reflect side dish cooking, whereas
rice cooking pots have a higher possibility of showing use-alteration patterns that reflect a mixture
of rice and side dish cooking. It is expected that this tendency becomes more distinctive when the side
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dishes have a more distinctive aroma.

Hypothesis 2. Variation in the occurrence of unintended uses with assemblage size
It was observed that unintended vessel uses occurred more frequently in the field houses than
in the village, and that within the village they occurred more frequently in households having fewer
cooking pots (oppaya).

Based on these facts, it can be hypothesized that, other conditions being

equal, unintended vessel uses occur less frequently in large cooking pot assemblages (in systemic
context) than in small ones. For example, during the Jomon foraging period, the number of cooking
pots excavated from sites is distinctly greater in eastern Japan than in western Japan. Thus, it can be
expected that if their cooking techniques and pot-disposal manner did not differ greatly, pots used
unintentionally

(e.g., serving bowls with carbon deposits and sooting) would be more frequently

observed in western Japan.

Hypothesis 3: Variation in the occurrence of unintended uses with the pot age
Unintended uses and reuse of oppaya occurred more frequently as the vessel ages because the
use frequency for its original function deceases as the pot is being replaced by newer examples. It is
expected that within a cooking pot assemblage older pots should have a higher probability of showing
use-alteration patterns that reflect a mixture of rice cooking and side dish cooking. However, there
is the problem of inferring functional age of an archaeological pot. Since it is possible to infer the
frequency of uses based on the degree of continuity in interior carbon patches or exterior neck
sooting, pot age is tentatively represented by the intensity of use-alteration patterns.
In addition, the frequency of unintended uses of ittoyom does not correlate with their age
because, regardless of age, these pots were being replaced by caldero. Thus, it can be hypothesized
that when a type of cooking pot is being replaced by another type of pot, they are more frequently
used in unintended ways than types not being replaced.
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Hypothesis 4: The occurrence of multiple uses
The occurrence of multiple use is likely to be affected by the assemblage scale and pot
production mode. As discussed in chapter 3, it is expected that multiple use (i.e. undifferentiated
cooking pot assemblages) occurs more frequently when fewer pots are possessed. When the scale of
cooking pot assemblages is equal, the occurrence of the multiple uses is likely to result from
disparities between the potter’s and the users’ vessel classifications. Thus, it can be hypothesized that,
other conditions being equal, multiple uses occur more frequently in pot-producing villages (or
groups) than among pot-consuming ones.
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CHAPTER SEVEN:

CROSS-CULTURAL

COMPARISONS OF CERAMIC FORM AND SIZE

In this chapter the contextual analysis of ethnographic cooking pots (see chapter 2) is used
to build models on form-and-function relationships. Three sets of comparisons are conducted. First,
the Kalinga and the Paradijon cooking pots are compared in order to examine variations within the
rice culture area. These two groups show a clear distinction between staple rice, but differ markedly
in the kind of side dishes.

Thus, the degree of differentiation

between rice and side dish

(vegetable/meat/fish) cooking pots and the form-function relationships of side dish cooking pots are
compared.

Second, the Kalinga and the Fulani, sorghum farmers in West Africa, are compared.

Although the staple cereals differ, both groups show a clear differentiation between the staple cereal
and side dishes. Thus, the effect of the kind of the staple on the degree of differentiation between
the staple and side dish cooking pots is examined. Finally, the Kalinga and Puebloan com farmers
of the Southwest U.S. are compared. Puebloan com farmers lack a clear distinction between staple
and side dishes, but like the Kalinga, beans and squash are the most important vegetables.
morphological

characteristics

of cooking pots are compared with the presence/absence

Thus,
of the

staple/side dish differentiation.
In each comparison, after vessel assemblage and shape and size of cooking pots are compared,
cooking techniques are described. Then, relationships between cooking techniques and the degree of
differentiation and vessel morphology are examined.

In addition, some attributes that represent

production technology (such as temper composition, wall thickness, surface treatment, and firing
technique) are also examined, as well as vessel shape and size.

COMPARISON WITHIN THE PHILIPPINE RICE FARMERS:
PARADIJON COOKING POTS
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Fieldwork Method
Paradijon is a community of specialized potters located in Sorsogon, Luzon. Pottery making
in Paradijon was studied by Longacre (Longacre et al. 1988), London (London 1985), and Mark
Neupert.

Longacre, with his student Mark Neupert, has studied Paradijon pottery making since the

middle 1980s, focusing on the degree of vessel standardization,
physical property of ceramics.

pottery making technology, and

London stayed in Paradijon for two months in 1981 to observe the

degree of variation among potters in their pot-making techniques. Unlike Kalinga potters, Paradijon
potters are mostly full-time specialists in that they do not have other means of subsistence on a
regular basis, and they supply their pots to local consumers (not for tourists) (London 1985:191).
Possession and use of ceramic and metal cooking pots for each of 85 households were
recorded in 1991 and 1995 by Mark Neupert.

The ceramic assemblage for each household is based

on the 1995 inventory data. For each cooking pot (coron), the kind of foodstuffs mainly cooked in
the pot, volume in chupa, and the frequency of its use (e.g.,twice a day) were recorded.
Shape and size of cooking pots is examined based on the pot measurement data recorded
during pot production.

In 1985 Longacre measured pot’s height, aperture diameter, interior neck

diameter, and maximum body diameter (circumference) in the same way as in the Kalinga project
(Longacre et al. 1988). The measured pottery included 303 cooking pots, of which 95 have the neck
diameter measurement.

Since these measurements were taken just before firing, they should be about

10% larger than those in the finished pots due to shrinkage during the firing.
In this section, after the shape and size of Paradijon cooking pots and their uses (cooking
behavior) are examined, relationships between vessel morphology and uses are discussed. In these
three analyses, Paradijon cooking pots are compared with Kalinga cooking pots.

Vessel Assemblage, Shape, and Size
Paradijon and Kalinga cooking pots are compared in terms of.assemblage, shape, and size.
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(1) Paradijon Ceramic Assemblage
The Paradijon ceramic assemblage consists of cooking pots (coron), water jars (biso), flower
pots (masetera), and cooking stoves (karan) (London 1985). Like the Kalinga, food serving vessels
were not produced.
Cooking stoves (called karan) consist of charcoal-burning (karan sa oring) and wood-burning
stoves (karan sa kahoy). Most households (64/84) had one or two cooking stoves. Wood-burning
stoves were more commonly owned (54 households) than charcoal ones (25 households), probably
because wood was cheaper than charcoal. Most cooking events were done by these stoves.
Water jars (called biso), except for reused and broken vessels, were used in 34 households
(40.4%): they are not as common as Kalinga water jars (immosso), which were used in every
household.

This is at least partially because water faucets were gradually replacing the water jars.

Their replacement rate is much slower than Kalinga immosso: 20 out of 34 biso had been used over
10 years, and only 11 new biso were introduced within last three years. Although this much slower
replacement

rate is due partially to their long use lives, it also likely reflects the decreasing

importance of biso.
Ceramic cooking pots (coron) were replaced by calderas at a higher rate than Kalinga oppaya
and ittoyom. The average number of coron per household is only 0.58 pots (n= 84 households). Most
(51 of 84) households lacked ceramic cooking pots, whereas only one household lacked calderas. In
the households with coron, the average number is 1.48 pots per household.

Interestingly, many pot

making households did not use ceramic cooking pots. There is only a single form of cooking pot.
Although there is a minor variety that has an angular body (called coron tinampirik) rather than a
spherical one, it represents a stylistic variation, and there is no functional difference.

The lack of

differentiation between rice cooking and vegetable/meat/ fish cooking pots is sometimes observed in
areas near towns. Because metal cooking pots are preferred for rice cooking when they are available,
ceramic rice cooking pots have been replaced by metal ones in the lowlands (near towns).
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In Paradijon, flower pots and flower vases were produced at a much larger scale than in
Kalinga.

During the 1985 observation of pottery making, production of flower pots and vases

outnumbered cooking pots. The same trend was observed in Dalupa as part of the intensification of
trade-ware production (Stark 1994). Because ceramic cooking pots are gradually being replaced by
metal ones, and because water jars are not necessary when a refrigerator is available, the nontraditional pottery, which is less necessary for everyday life than the traditional cooking and storage
vessels, has become the most important trade ware.

(2) Morphological Characteristics of Paradijon Cooking Pots
Since Paradijon ceramic cooking pots were used mainly for side dish (fish) cooking, they are
comparable to Kalinga side dish cooking pots, oppaya. Shape and size of coron differ from Kalinga
oppaya and ittoyom in four ways.
First, Paradijon cooking pots are shallower than Kalinga cooking pots. Relative height (the
ratio of height to the maximum body diameter) of coron (larger than 0.5 chupas) ranges mostly
between 50 to 65 with a peak at 57-60, whereas that of the Kalinga pots (mostly over 1 chupa) mostly
range from 55 to 75 with a peak at 66-69 (oppaya) or from 65-82 with a peak at 72-74 (ittoyom)
(Figure 7.1). As a result, when vessel volume (in chupa) is equal, Paradijon coron have greater
maximum diameters than Kalinga oppaya.
Second, Paradijon coron have a wider base than Kalinga oppaya (see illustrations in Figure
7.1). In other words, the coron’s base, though still round, is closer to a flat base than the oppaya's.
Thus, compared to the Kalinga oppaya, the basic profile of the coron is closer to modem metal
cooking vessels which are flat in base and usually not very deep.
Third, Paradijon coron have a more constricted neck than Kalinga oppaya (Figure 7.2).
Because Kalinga cooking pots tend to be more constricted in neck as their size increases (Figure 7.4),
large cooking pots (lalangan; the maximum body diameter is over 28 cm) are excluded from the
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Figure 7.2
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analysis of neck constriction (the ratio of neck diameter to the maximum body diameter).

When

cooking pots with maximum body diameter smaller than 28 cm are compared, the neck constriction
of Paradijon coron is similar to Kalinga ittoyom and greater (i.e. more constricted) than Kalinga
oppaya (Figure 7.2).
Finally, Kalinga cooking pots, both ittoyom and oppaya, tend have more constricted necks
and are less squatter as size increases (Figure 7.3 ,7 .4 ). In contrast, neck constriction and relative
height of Paradijon coron do not significantly vary with size (Figure 7.3,7.4). The correlation between
neck constriction and maximum body diameter are much higher in oppaya than in coron (Figure 7.3,
4). This may be partially because Paradijon potters attempted to maintain more standardized shapes
regardless of vessel size. However, the range of variation in neck constriction and relative height does
not significantly differ between Paradijon coron and Kalinga oppaya and ittoyom. Thus, in overall
cooking pot shape, it cannot be said that Paradijon coron are more standardized than the Kalinga
pots.
In sum, Paradijon coron have shallower bodies, are wider at the base, and have more
constricted necks than Kalinga oppaya. The correlation of vessel shape with vessel volume is lower
in Paradijon coron than Kalinga oppaya and ittoyom.

(3) Size Distribution of Cooking Pots
Since chupa volume is an emic (i.e., non-quantitative) category, maximum body diameter is
used to compare vessel size. In comparing the maximum body diameter, three points should be
considered.

First, as noted, because Paradijon coron are squatter, their volumes tend to be smaller

than Kalinga pots maximum body diameters are equal. Second, the size distribution of Kalinga pots
is based on the household inventory (i.e. pottery owned by a household), whereas that of Paradijon
represents an assemblage during production.

Because small/regular everyday cooking pots have

significantly longer use-lives than large cooking pots (Longacre 1985), the household inventory should
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Figure 7.4

N eck c o n s t r i c t i o n

M aximum b o d y d ia m e te r (cm )

M aximum b o d y d ia m e te r (cm )

0. 5 CHUPA
*

3 CHUPA
o

HALF AGANTA
1 G M TA

M aximum b o d y d ia m e te r (cm )
F ig u r e 7 .4 R e la t io n s h ip s b e tw e e n N eck c o n s t r i c t i o n (Y a x is ) a n d Maximum body d ia m te r (X a x i s )
K a lin g a itt o y o o ( to p , n = 3 2 3 ), K a lin g a o p p ay a (m id d le , n = 4 2 1 1 ),
a n d P a r a d ijo n c o ro n (b o tto m , n = 9o)

F igure 7.5

RELATIVE HEIGHT

RELA TIV E HEIGHT

NECK CONSTRICTION

NECK CONSTRICTION

RELATIVE HEIGHT (H/HDllOO)

0 . 5 CHUPA
3 CHUPA
.....A - g p .....

HALF GANTA
1 GANTA

NECK CONSTRICTION (ND/MDI100)

F ig u r e 7 .5 R e la t io n s h ip s b e tw e e n R e la t iv e H e ig h t (Y a x i s ) a n d N eck c o n s t r i c t i o n (X a x i s )
K a lin g a

( to p l e f t , n = 9 6 ), K a lin g a o p p a y a ( to p r i g h t , n = 3 1 2 )
a n d P a r a d ijo n c o r o n b y s i z e c l a s s (b o tto m , n= 96)
e x c lu d in g l a r g e s iz e d p o ts ( s m a lle r th a n 8 c h u p a s )

itto y o m

273

have a higher frequency of large-sized vessels than the production assemblage. Thus, large pots are
excluded in the analysis of size distribution.

Finally, the Kalinga household pots were produced in

various years by numerous potters, whereas the Paradijon assemblage represents contemporary
production by a more limited number of potters.

Thus, it is expected that the Kalinga assemblage

reflects wider variation between potters as well as larger temporal span.

Thus, in the Kalinga

assemblage, pottery produced in 1987-88 is also examined to supplement observations on the total
assemblage.

Size distribution and the degree of differentiation by size are compared between

Paradijon coron and Kalinga cooking pots.
When the distribution of maximum body diameter for small/regular pots (i.e. maximum body
diameter is less than 28 cm) is compared, both Paradijon coron and Kalinga oppaya have a peak at
19-20 cm (Figure 7.6). The frequency of pots over 25 cm in diameter (roughly equal to 5-8 chupa)
is higher in Kalinga oppaya than Paradijon coron probably because of a lower use frequency (i.e. a
longer use-life) of the size class than smaller pots.
Paradijon coron are made in various volumes: 0 .5 chupa, 2 chupa, 2.5 and 3 chupa (litro), 3.5
and 4 chupa (media ganta), 6 chupas, one ganta (8 chupa), and 1.5 ganta (12 chupas) were recorded
in the 1985 pot-making data and 1995 household inventory data.

One ganta, or eight chupas, is

roughly equal to three liters. In contrast to Kalinga cooking pots, Paradijon coron lack 1 chupa, 5
chupa, 7 chupa, and 9-11 chupa sizes. Thus, it is expected that Paradijon coron are more clearly
differentiated by size than Kalinga cooking pots (Longacre et al.1985). In fact, when the distribution
of maximum diameter is examined, Paradijon coron are more clearly differentiated than Kalinga
oppaya (Figure 7.6, 7.7). As noted, the size distribution of Kalinga oppaya is close to a normal
distribution with a single peak at 20 cm in maximum body diameter.

The same pattern is observed

when the production age of oppaya was restricted to 1987-88. In contrast, Paradijon coron show three
peaks at 12 cm (0.5 chupa), 19 cm (2-3 chupa), and 23 cm (3.5-4 chupa) (Figure 7.6). In addition,
although small sample size makes their peaks not distinctive, 1 ganta coron (maximum diameter 26-27
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cm) and 1.5 ganta coron (33-34 cm) also show tight clusters.

(4) Surface Treatment and Wall Thickness
There are distinctive differences in surface treatment between Paradijon coron and Kalinga
ittoyom and oppaya. Unlike Kalinga cooking pots, Paradijon corons lack interior polishing and resin
coating.

The lack of resin coating on both interior and exterior is a common characteristic of

lowland’s cooking pots in Philippines. On the other hand, both Kalinga cooking pots and Paradijon
coron have exterior polishing (or burnishing).
Both Paradijon corons and Kalinga ceramic pots have carefully thinned body walls. On the
other hand, their rims and necks are much thicker than their body.

Cooking Methods and Vessel Use Behavior
The use behavior of coron is examined in order to demonstrate factors that produced the
above-mentioned differences in the vessel shape and size. During the 1995 fieldwork, the number and
type of cooking pots owned, uses (kinds of food), and frequency of use (e.g.,used how many times a
week) were recorded for coron in 84 households by Mark Neupert (Mark Neupert; personal
communication).

Ways of uses and use frequency were recorded only for coron, but not for calderos

(metal cooking pots).
7.1) .

The present analysis uses 27 households that owned and used coron (Table

'

(1) Foodstuffs
Paradijon and Kalinga diets differ in the following ways. First, in Paradijon, fish is by far the
most important side dish prepared in a cooking pot (coron or caldera). In the pot use record, only
three corons cooked side dishes other than fish: a six-chupa coron used for cooking cassava, a sixchupa coron for boiling banana, and one gahta coron used for meat on ceremonial occasions (Table
7 .1 ) . Fish is the major source of protein in Paradijon, whereas beans are for the Kalinga. Second,
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Kalinga traditional

foods, such as beans, squash, jackfruits, and bamboo/rattan,

consumed in Paradijon.

are not often

Cassava (or manioc), a kind of root crop, is the only vegetable recorded

which was cooked in a coron or caldero. Although the possession and use of frying pans were not
recorded, it is likely that frying pans were mostly used for vegetables lacking hard shells or skins.

(2) Heating Method
Cooking of fish has following characteristics. First, many medium fish are placed whole, into
the cooking pot up to its neck. Thus, the content level is usually high, near the neck. Second, the
pot is heated with little water in it. The heating method is basically simmering, but is similar to
steaming and sauteing (without adding oil).

As a result, the interior base of the pot often had

intensive carbon deposits. It is hypothesized that, since the wall temperature rises higher when a pot
is heated with little water inside, fish cooking pots are required to have high thermal shock resistance.
Third, the pot is heated for a relatively short time. Because fish are basically soft, prolonged heating
is not necessary.

Finally, the pot is not stirred because there is little water inside, and the pot is

packed with fish up to the neck. Thus, ease of access to the vessel contents is not important.
It should be noted that these four characteristics of fish cooking (i.e., filling the contents up
to the neck, simmering with little water, short heating time, and less frequent stirring) are similar to
those of rice cooking. The only differences between fish and rice cooking are that rice is heated more
intensively from the beginning than fish, and rice is heated from the sides during the simmering stage,
while fish is heated solely from the base.
These characteristics contrast with side dish cooking in Kalinga oppaya: as noted, the latter
is characterized by 1) boiling with abundant water, 2) contents kept at less than one-third of vessel
volume, 3) prolonged heating, and 4) frequent stirring.

(3) Vessel Use Behavior
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Coron uses include rice cooking, fish cooking, side dish cooking other than fish, and
processing herbal medicines (Table 7.1). Three corons were used for both rice and fish. Although
caldero usage was not recorded, it can be at least partially inferred from the usage of coron: when
coron were recorded to have been used only for side dish (fish) cooking, some caldero should have
been used for rice cooking. And, when coron were recorded to have not been used for rice cooking
nor side dish cooking (e.g.used only for processing a herbal medicine), it can be inferred that caldero
were used for both rice cooking and side dish cooking. Based on coron and caldero usage, the 29
households are classified into 4 groups: A) coron used for both rice and side dish (fish) cooking, B)
coron used only for side dish (fish) cooking (i.e.,rice was always cooked in a caldero), C) coron used
only for rice cooking (i.e.,fish was always cooked in a caldero), and D) coron used for neither for rice
nor side dish (fish) cooking (i.e., both rice and fish were always cooked in caldero).

It should be

noted that in type A) and B), fish may have been cooked by caldero as well as by coron, and in type
C), rice may have been cooked by calderas as well as corons. Since caldero usage was not recorded,
it is often difficult to tell whether both calderas and corons were used for fish (or rice) or only corons
were used.

However, considering the number of corons owned and their use frequency in each

household, it is likely that most of type A) and C) households used both caldero and coron for rice
cooking. Variation in pot type, number of pots owned, and vessel volume with these household types
are examined below (Table 7.2).
1.

Pots used for rice cooking and side dish cooking. Corons were used for fish cooking in 19

households (household type A and B: 70.4%), while they were used for rice cooking only in seven
households (type A and C: 25.9%) (Table 7.2). Thus, like the Kalinga oppaya, corons were used
primarily for side dish cooking. However, in contrast to the Kalinga pot uses, calderas were also used
for side dish (fish) cooking (at least in 8 households), and corons were used not only for side dish
cooking but also for rice cooking. Thus, it can be said that Kalinga oppaya are more specialized in
side dish cooking than the Paradijon corons. In other words, the relationship between vessel type and
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Table 7.2 and 7.3
Type B

Type A

Household type
Definition
Rice cooking
Fish cooking

coron
coron

Household number

6 households

Type C

Type D

Type D

caldero
coron

coron
caldero

caldero
caldero

caldero
caldero

14 hhs

1 hhs

8 hhs

51 hh
none

Mean ntenber of
coron owned

2.2 pots

1.5 pots

2 pots

1.1 pots

Mean number of
caldero owned

2.7 pots

5.2 pots

3 pots

4.8 pots

4.8 pots

Table 7.2 Mean number of coron and caldero for each household type

2 chupas

Litro(2.5 chupas)
3 chupas

Media ganta

Ganta

Total

6 chupas

8

Rice cooking*

1 (1GB

6 (26.m

1 (12.5%)

0

Fish cooking*

9 (90%)

12 (52.2%)

2 (25.0%)

2(28.6%)

25

Herbal medecine

0

5 (21.7%)

2 (25.0%)

2(28.6%)

9

Others

0

0

3 (37.5%)

3(42.9%)

6

23 (100%)
(19 pots)

8 ( 100%)

7 (100%)

Total

10 ( 100%)

48
(44 pots)

* : Pots that used for both rice and fish were count twice
Table 7.3 Size and usage of coron
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use is more strictly maintained in Kalinga than in Paradijon.
2. The number of vessels owned per household. When mean numbers of corons and calderos
owned by a household (households without coron are excluded) are compared with household type,
the mean number of coron decreases in the order of type A (X = 2 .2 ,n = 6 ; corons were used for both
fish and rice), type B (X = 1.50, N = 14; used only for fish), and type D (X = l . l , n = 8 ; no corons were
used for either fish or rice) (Table 7.2). The mean number of vessels cannot be calculated in the type
C household because there is only one case in the type. Furthermore, the mean number of calderos
per household is higher in type D (X = 4.8: no coron was used for rice nor fish) and type B (X =5.2:
corons were used only for fish) than in the type A (X = 2.7). In addition, households without coron
(n=51) had an average of 4.8 calderos. These facts clearly suggest that the number of cooking vessels
per household is correlated positively with the frequency of their use. One factor that affects the
number of caldero in a household is its financial status since calderos are much more expensive than
self-provided corons (W.A. Longacre, personal communication).
3. Vessel volume. After Paradijon coron and Kalinga oppaya are compared, variation within
Paradijon between rice cooking pots and side dish cooking pots is examined.
Among 47 inventoried coron whose volume was recorded, the 2.5chupa coron (litro) is most
abundant (40.4%), followed by 2 chupas (21.3%), 1 ganta (8 chupas; 19.1%), and media ganta (4
chupas; 10.6%) coron. Compared with Kalinga oppayas inventoried in Dangtalan, Paradijon coron
show a lower frequency of 4 chupa pots, and a higher frequency of 2.5 chupa pots. Thus, it can be
said that Paradijon coron used mainly for fish and rice cooking (i.e., those less than six chupas) tend
to be slightly smaller in volume than Kalinga oppaya. Mean chupa volume for pots less than 7 chupas
is also smaller for coron than for oppaya.
Three lines of evidence suggest that rice cooking vessels tend to be larger than fish cooking
vessels. First, in type A households in which corons were used both for rice cooking and fish cooking,
the corons used for rice tend to be larger than those used for fish.

In three of the 6 type A
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households, coron used for rice cooking was 2.5 chupas, while those used for fish was 2 chupa (Table
7.1). Second, the average chupa volume of corons (smaller than 10 chupas) used for fish cooking is
2.45 chupa (22 households). This figure is smaller than the average chupa volume of Kalinga oppaya
used for daily side dish cooking (X = 3.0 chupas) as well as that of Kalinga rice cooking vessels (X = 3.4
chupas, see Chapter 5). Assuming that the amount of staple rice consumed per household is constant
between the Paradijon and the Kalinga, and that rice is cooked in the same way (i.e. rice is always
cooked in the full volume of the vessel) in the two groups, the tendency that side dish cooking pots
are smaller than rice cooking pots is more clearly observed in Paradijon than in Kalinga. Finally, the
relative frequency of each size category of coron is compared between 4 use categories (rice, fish,
herbal medicine, and others) (Table 7.3). Since 0.5 chupa and 1.5 ganta coron were not recorded in
the household inventory, coron are categorized into five size categories: two chupas, 2.5 chupas called
"litro,"four and 3.5 chupas called "media ganta," six chupas, and eight chupas or "ganta." As a result,
it is observed that corons used for fish cooking show a higher frequency of two-chupa vessels than
those used for rice. Corons used for herbal medicine or "others (cassava, banana, water, and pig
food)" show a higher frequency of larger size categories.

Based on the above facts, it can be

hypothesized that Paradijon cooking vessels of different categories, including both caldero and coron,
tend to be used differently: 2 chupa vessels (probably dominated by corons) are mostly used for fish
cooking, whereas cooking with vessels ranging in volume from 2.5 to 5 chupa (probably dominated
by metal ones) are more frequently used for rice than fish.

Cooking vessels over 5 chupas are

principally used for processing herbal medicine and side dishes other than fish.

Relationships between Vessel Morphology and Use
The differences in the vessel assemblage, shape, and size between the Paradijon coron and
the Kalinga oppaya can be correlated to differences in cooking methods.
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(1) Vessel Shape
As noted, Paradijon corons are more constricted in the neck and squatter in the body shape
(i.e. shallower in relative height) than Kalinga oppayas. Corons have a more constricted neck because
fish cooking requires less frequent stirring than cooking of Kalinga traditional vegetables in oppayas.
Thus ease of access to contents is the major factor that produces these differences in neck
constriction.
On the other hand, explaining differences in relative height is not as straightforward. Ceramic
cooking pots in the lowlands are generally shallower than those in the highlands. There may be two
reasons for the disparity. First, lowland cooking pots are more influenced by modem western metal
cooking vessels, which are usually shallower and flatter on the base. Second, in the lowlands, ceramic
rice cooking pots have been mostly replaced by metal ones (calderas), whereas ceramic rice cooking
pots still survive in the highlands.

Rice cooking pots, regardless of material, need a higher wall

because they are heated from the sides during the simmering stage. Thus, when the overall ceramic
assemblage is compared, highland cooking pots tend to be taller.

(2) Vessel Size
As noted, Paradijon corons used for everyday household cooking tend to be smaller than
Kalinga oppaya. This is because side dish (fish) cooking in the coron uses much less water than
Kalinga side dish cooking. When the amount of the food contents is equal, the Kalinga oppaya need
to be larger than the coron to accommodate a larger amount of water.
In addition, the frequency of large (over 8 chupa) ceramic cooking pots is much higher in the
Kalinga pottery assemblage than in the Paradijon assemblage because the Kalinga need many large
pots to feed a large number of people on various ceremonial and communal work occasions. Unlike
traditional farming communities, large scale communal consumption is less common in Paradijon.
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(3) Surface Treatment
Kalinga cooking pots exhibit an interior polish and resin coating, whereas Paradijon cooking
pots lack them. Thus, Kalinga cooking pots have a much more intensive surface treatment in order
to improve their waterproofhess. Three explanations, not mutually exclusive, are possible for this fact.
The first is related to production cost.

Because specialized potters in Paradijon need to

produce a larger number of pot per day (Paradijon potters produced average of 14 pots a day, while
the Kalinga in Dangtalan produced at most five pots a day), it is necessary to reduce production cost
(time and energy) as long as such cost-reduction does not cause obvious problems (Kobayashi 1993).
In Kalinga pottery-making, the resin (libo) is the most expensive material used because it is obtained
from mountain areas through trade. Stark pointed out that the reduction of resin coating on the
exterior surface of Dalupa water jars resulted from the recent deforestation due to the reactivated
mining and lumbering (Stark 1994). It can be imagined that it is not easy (or at least very costly) for
the lowlanders to obtain libo from the mountain areas.

Polishing is also time-consuming not only

because polishing itself takes a substantial amount of time, but also because polishing must be done
at the appropriate time, and thus constant attention is paid to the dryness of the pots.

Second,

Paradijon potters can skip the interior polishing and resin coating because they can maintain
waterproofhess through other production processes. When pottery-production processes are compared
between Kalinga and Paradijon, another distinctive difference is the amount of efforts devoted to clay
preparation.

The Kalinga clay preparation method is characterized by its simplicity: after the clay was

obtained from rice fields, it is stored wet by being covered with a plastic sheet until it is used. When
the clay is used for vessel building, it is pounded by a pestle and mortar for only several minutes.
Drying, grinding (pulverizing), sieving, and water soaking, common processes of clay preparation in
other pottery-making societies, are all lacking in Kalinga pottery making. As a result, Kalinga pottery
contained a large amount of sand and gravel in their walls. This may be one reason that Kalinga
pottery needs such intensive interior surface treatment.

Kalinga potters can spend a large amount of
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time on the interior polishing because they, as half-time potters, do not need to produce as many
vessels as Paradijon potter, because the demand for Kalinga pottery is much smaller than that of
Paradijon.

Kalinga potters can also apply resin coating to their pottery because the cost of resin is

much lower than in the lowlands. On the other hand, Paradijon clays are prepared with much greater
care: the clay is dried, pulverized and carefully kneaded by trampling.

Furthermore, two different

kinds of clay are blended in order to improve the quality (London 1985). Coarse sand and gravel are
carefully removed in the course of clay preparation.
Finally, it is also possible that Kalinga cooking pots need a higher level of waterproofness
than Paradijon cooking pots because Kalinga oppaya are heated with a large amount of water inside.
On the other hand, because Paradijon coron are heated with little water inside, water leakage may not
be as serious a problem for in Kalinga oppaya.

(4) Differentiation Between Rice and Side Dish Cooking Pots
There is only a single form of Paradijon coron, whereas Kalinga cooking vessels are clearly
differentiated into rice cooking pots (ittoyom) and side dish cooking pots (oppaya). In contrast, the
size differentiation within the everyday cooking vessels (those smaller than 8 chupa) is more distinctive
in the Paradijon coron than the Kalinga cooking vessels (ittoyom and oppaya): the small/regular
ittoyom and oppaya do not show any clear size difference, whereas corons used for rice cooking tend
to be larger in volume than those for side dish (fish) cooking. The size differentiation of the overall
ceramic assemblage is also much more distinctive in the coron than among the Kalinga cooking
vessels: the size distribution of the latter is continuous, whereas the latter shows several tight clusters
(0.5,2-3, and 5-7 chupa) within the small/regular vessels. Thus, in the Kalinga, the differentiation into
the rice and side dish cooking is more clearly observed in vessel shape, whereas that in the Paradijon
is more clearly observed in vessel volume.
The above difference in morphological differentiation between Kalinga and Paradijon can be
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explained by differences in side dish cooking methods. Paradijon side dish (fish) cooking method is
similar to their rice cooking method in terms of the amount of water in the pot, the quantity of
contents, the duration of heating, and the frequency of stirring.

In contrast, Kalinga side dish

(traditional food) cooking contrasts with rice cooking in the above points.

In chapter 2, it was

hypothesized that because rice, as the staple, is consumed in larger quantities than side dishes in the
rice culture area, rice cooking pots tend to be larger than side dish cooking pots when rice and side
dishes are cooked in similar ways. This is the case at Paradijon: since fish does not require prolonged
heating, and the Paradijon people cook fish by simmering, their side dish cooking is similar to rice
cooking. On the other hand, when the side dish is cooked with a greater amount of water for a longer
time, the amount of the side dish is restricted to less than one-third or one-half the vessel volume.
Thus, side dish cooking pots must be much larger than the volume of the foodstuffs. The Kalinga fit
this case: because many of traditional Kalinga foods (swidden and arboricultural crops) have hard
shells or hard skins, they need prolonged heating with a large amount of water. Thus, Kalinga rice
cooking pots are not necessarily larger than side dish cooking pots.
Concerning the form differentiation, Kalinga rice cooking pots differ clearly from side dish
cooking pots because the differences in cooking methods.

On the other hand, it is possible that

Paradijon rice cooking pots and side dish cooking pots have been traditionally undifferentiated (or
only slightly differentiated) in their shape because rice and side dish (fish) cooking methods are
similar. However, it is also possible that although Paradijon cooking pots used to be differentiated
into rice and side dish forms, ceramic rice cooking pots were completely replaced by metal pots
(calderos) and became extinct. In the latter hypothesis, the use of 2.5-3 chupa corons as rice cooking
pots may be the result of anomalous uses.
In sum, the differences in the degree of differentiation of rice cooking and side dish cooking
pots are mainly affected by subsistence patterns.

The kinds of major side dish foods (swidden and

arboricultural foods in the Kalinga, and fish in the Paradijon) affect the size and shape of their side
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dish cooking pots.

Since rice cooking is highly regular, the degree of differentiation between rice

cooking pots and side dish cooking pots mainly depends on the similarities in cooking methods.

(5) Correlation between Vessel Type and Use
In Kalinga household cooking, oppaya and ittoyom were used strictly for their intended uses.
However, in Kalinga field cooking the frequency of unintended uses was much higher because the
number of pots in the field is limited. In the field, unintended uses occurred when cooking pots of
an appropriate type or volume were not available. As in the Kalinga field cooking, both Paradijon
coron and calderos of each size class were used for both rice cooking and side dish (fish) cooking.
These examples are judged as unintended uses rather than multiple uses, because calderos were mostly
used for rice cooking and corons were mostly used for fish cooking.

The higher frequency of

unintended use in Paradijon can be explained in two ways.First, because cooking methods for fish and
rice are similar, coron and calderos became somewhat functionally interchangeable.

Second, because

the number of ceramic cooking pots owned per household is lower in Paradijon (0.58 pots per
household) than among Kalinga (5.50 small/regular oppaya per household in Guina-ang, see Table
6.2), pots m aybe more often used unintentionally. This is partly because calderos were more common
in the lowlands than in the highlands. Thus, due to the lack of appropriate cooking pots, Paradijon
housewives were sometimes forced to use their vessels for unintended uses.
In addition, it is expected that as the economic situation improves, Paradijon corons are being
replaced by calderos much faster than Kalinga oppayas. This is primarily because in Paradijon, the
kinds of performance characteristics required for side dish cooking pots are similar to those of rice
cooking pots, and metal cooking pots are preferable for these uses. In contrast, Kalinga side dish
cooking pots are not easily replaced by metal pots because ceramic pots are more suitable for cooking
traditional Kalinga side dishes.
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COMPARISON BETWEEN THE KALINGA AND AFRICAN MILLET FARMERS

The Fulani
The Fulani are settled farmers in Cameroon, studied by ethnoarchaeologist Nicholas David,
whose staple food is sorghum. David stayed in the village of Be, a small village of about 300 people,
and recorded such information as production technology, pottery possession patterns, and use-lives
for about 300 pots (David and Henning 1972, David 1971). Be contains a smaller number of Gisiga
and the Lame peoples as well as the dominant Fulani. Fulani functional types include storage pots
(loonde for water and ngiiramwal for dry goods), water carrying pots (mublku), storage/cooking pots
(fayande-gaari), cooking pots (medium-sized defruude for the staple sorghum cooking and small-sized
hakoore/tale for cooking sauce and stew), food serving bowls (feho), and ceremonial pots (a local
version of ablution pots). Small food serving bowls are now reused as a jar lid, and large bowls have
been replaced by large enamel basins. All storage and cooking pots are in the form of necked jars,
whereas all food serving pots are shallow bowls with no neck constriction.

Form and Size of Fulani Cooking Pots
There are about 20 cooking pots whose usage was known and which were illustrated in David
and Henning (1972:10-13).
not available.

Unlike Kalinga cooking pots, emic criteria for vessel classification are

Small sample sizes for each functional category prevent statistical analyses for

identifying the most distinctive features of the categories. However, observation of the illustrations
indicates that, like the Kalinga assemblage, neck constriction, relative height, and volume are the most
important attributes for distinguishing different functional types (Table 7.4).
1.

Neck constriction. Among wide-mouthed jars and necked jars, neck constriction (the neck

diameter-to-maximum body diameter ratio) increases in the order of storage pots (including carrying
pots) (mean X =0.480), cooking/storage pots (X = 0.665), and cooking pots (X = 0.704). Among
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everyday cooking pots, medium pots for cooking sorghum (defruude) have a more constricted neck
(X = 0.690) than small pots for cooking side dishes (hakoore and tale, X = 0 .710).
2. Relative height. Relative height (the height-to-maximum body diameter ratio) decreases
in the order of storage pots (X = 1.14), cooking/storage pots (X = 1.00), cooking pots (X = 0.942), and
food serving bowls (X =0.63). Among cooking pots, medium pots (defruude, X = 0.942) have a taller
body than small pots (hakoore and tale, X =0.883).
3. Volume. Cooking pots (including cooking/storage pots) occur in 3 size classes. Large pots
(fayande-gaari) were used for cooking and storing sorghum drinks which were drunk during the
Ramadan month, while medium defruude are mainly used for cooking sorghum porridge and
occasionally for storing it. Small cooking pots (hakoore and tale) were used for cooking sauce or
stew, which were eaten with the staple.

Therefore, large cooking (and storage) pots were used in

ceremonial contexts, while medium and small cooking pots were used in everyday contexts.

Relationships between Vessel Morphology and Use
By analyzing similarities and differences in the form-function relations between Kalinga and
Fulani vessels, performance characteristics of distinctive attributes are examined. Because there is no
contact between the two groups, it can safely be assumed that these similarities reflect a functional
convergence.

Differences in form-function relationships between the two groups are related to the

differences in cultural contexts.

(1) Size Classes
In both groups cooking pots tend to be differentiated into multiple size categories, reflecting
different use contexts: larger pots for ceremonial or fiesta cooking and smaller ones for everyday
cooking. On the other hand, storage pots have only a single size category in both groups because
there is no contextual and functional variation in their usage. Therefore, size differentiation within
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a class likely reflects different use contexts.
Size variation in staple cooking pots and sidedish cooking pots differs between the two
groups. Both kinds of Kalinga cooking pot have a nearly equal range of sizes, whereas Fulani cooking
pots for the staple food are larger than those for side dishes. This difference can be explained by
differences in cooking techniques.

As noted, in Kalinga pots rice is cooked nearly up to the mouth,

whereas the amount of side dish cooked in oppaya is only one-third of their volume. Thus, even
though more rice is cooked in a meal than the side dish (vegetable), size differences between rice
cooking pots and side dish cooking pots used in everyday cooking are not distinct. On the other hand,
Fulani side dishes, mostly stew-like foods or sauce, were likely cooked with a smaller amount of water
than the Kalinga side dishes. Furthermore, since Fulani sorghum needs frequent stirring during and
after heating, cooking pots need to be much larger than the amount of sorghum cooked. Thus, Fulani
side dish cooking pots tend to be much smaller than sorghum pots. In addition, the ratio of side dish
cooking pots to staple cooking pots is much lower in Fulani (65 side dish cooking pots, and 115 staple
cooking pots) than in Kalinga. This fact may suggest that in Fulani, side dishes boiled in a pot are
not as important to the diet as in Kalinga.

(2) Neck Constriction
In both groups, cooking pots and storage jars are most clearly distinguished by neck
constriction: in everyday cooking pots, staple (rice or sorghum) cooking pots have more constricted
necks than side dish pots. This difference in neck constriction is much more distinct in Kalinga pots
(mean neck constriction ratio is 0.638 for rice cooking pots and 0.737 for side dish cooking pots) than
in Fulani pots (0.704 for sorghum cooking pots and 0.710 for side dish ones). This be explained by
the degree of similarity in staple and side dish cooking methods. In Fulani, sorghum porridge cooking
is similar to side dish (stew) cooking in that both need frequent stirring and the water is mostly gone
at the end of heating.

In contrast, as noted, Kalinga rice cooking differs from side dish boiling in

292

terms of water level, frequency of stirring, and intensity of heating.

(3) Relative Height
In both groups, staple cooking pots tend to have more spherical bodies than side dish cooking
pots. This difference can be explained by the amount of food cooked and the intensity of heating.
Because side dishes are heated with smaller flames than rice or sorghum porridge, side dish cooking
pots are not heated intensively from the sides, and thus do not need a high wall.

(4) Summary
Based on the above comparisons between Kalinga and Fulani cooking pots, the following
hypotheses

are proposed.

In dietary systems in which staple cereal cooking and side dish

(vegetable/meat/fish) cooking are clearly differentiated, the degree of morphological differentiation
between staple and side dish cooking pots is determined by differences in cooking techniques.
Frequency of stirring and water levels are the most important factors.

Because staple cereals are

consumed in much larger quantities than side dishes, staple cereal cooking pots tend to be larger than
side dish cooking pots when both cooking techniques are similar. For example, when both staple and
side dishes need frequent stirring, the water level tends to be kept low for both types of pots in order
to avoid overflowing (in the case of Fulani).

As a result, staple cooking pots tend to be larger than

side dish cooking pots, but neck constriction may be the same. On the other hand, when the staple
cereal does not need to be stirred as often as the side dishes, the water level in the staple pots tends
to be higher (i.e.,the staple cereals can be cooked up to the mouth of the pot.)

Thus, staple cereal

cooking pots tend to have a more constricted neck than side dish cooking pots, but there are no
distinctive differences in volume (in the case of Kalinga).

293

COMPARISON BETWEEN ASIAN RICE FARMERS AND PUEBLOAN CORN FARMERS

Method and Data Sources
There are several limitations in the analysis of traditional cooking techniques (i.e., cooking
with ceramic pots and firewood) of ethno-historic Pueblos in the American Southwest. First, because
ceramic cooking pots were totally replaced by metal cooking pots by the early 1930s, descriptions of
their morphological characteristics and use (cooking methods) are very limited. There are very few
cooking scenes available in the Arizona State Museum photo collections, and photos of ceramic
cooking pots are mostly limited to reused ones such as chimney pots. Second, the paucity of vessel
illustrations hinders quantitative analysis of size and form (Smith 1983). Third, museum collections
of 19th and 20th century ceramic cooking pots are also mostly chimney pots. Thus, it is very difficult
to examine the size composition of cooking pots in use or to infer their usage from use-alteration
patterns.

Finally, although pot-making is still practiced among Pueblo Indians, their pots are

produced mostly for tourists and the high-end collector’s market, and thus traditional pot-making
technology is likely to have been modified to attract consumers (Longacre 1974).

For example,

although polychrome traditions of necked jars and bowls were revived, cooking pot traditions did not
survive at all. The polychrome jars and bowls made by modem Pueblo Peoples are mostly much
thicker than their prehistoric counterparts to make them more durable (Wyckoff 1990).
Considering these limitations, traditional Puebloan cooking is examined by combining historic
descriptions of cooking methods and observations on ceramic morphology from any prehistoric
ceramic assemblages. In order to correlate traditional cooking techniques and ceramic morphology,
it is necessary to examine similarities and differences in cooking techniques between the prehistoric
and historic (ethnographically known) Pueblos. The method of combining the historic and prehistoric
data is warranted by relatively strong cultural continuities observed in grinding tools (manos and
metates), ceremonial features (such as kivas), ritual performances in kachina ceremonies (as depicted
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in murals in prehistoric sites), and architectural styles (Adams 1979; Adams and Hays 1991; Brew
1979).
Analysis in this section employs the following steps. First, the form and size of Puebloan
cooking pots are examined by using excavated prehistoric (A.D.13-14th C.) materials.

Second,

traditional cooking techniques using ceramic vessels are examined through ethnographic descriptions
of the 19th and 20th century cooking. Third, since these historic cooking techniques likely changed
from prehistoric cooking techniques due to the introduction of Western foods (e.g., meat and
horticultural crops) and cooking wares (metal cooking pots), these changes are examined by analyzing
1) plant and animal remains excavated from prehistoric Pueblos, 2) cooking-related features of
prehistoric

pueblos,

Characteristics

and

3) use-alteration

patterns

of excavated

Puebloan

cooking

pots.

of Puebloan cooking techniques that persisted from the prehistoric period are

extracted. Finally, relationships between the morphological characteristics of Puebloan cooking pots
and their cooking techniques are examined, and compared with those in Southeast Asian rice farmers
and West African sorghum farmers.

Form and Size of Prehistoric Cooking Pots
(1) Selection of Ceramic Assemblages
Prehistoric ceramic assemblages were selected based on the following conditions.

First, a

large number of whole or restorable pots (i.e., vessels whose volume is measurable) recovered from
room floors are available. In other words, ceramic assemblages that reflect use contexts are necessary
rather than secondary refuse. This condition is especially critical for the analysis of vessel volume
distribution because volume distribution tends to vary markedly with depositional context.

For

example, in many cases, the relative frequency of large-sized vessels is lower in secondary refuse than
in de facto refuse because large vessels are. more difficult to restore and because they usually have
longer use lives. Second, vessel measurement data (neck constriction, relative height, and volume)
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are available for these vessels. As noted, cross-cultural ethnographic data suggest that these three
attributes are most critical for inferring vessel functions and the degree of functional differentiation.
Third, ceramic assemblages dated between the late thirteenth century and fourteenth century (late
Pueblo III to Pueblo IV periods) were selected. Although many assemblages satisfy the first and third
conditions, those with vessel illustrations or vessel measurements are very limited. The Mug House
site (Rohn 1971) is the only site in which vessel volume data are published.

Thus, Chodistaas and

Grasshopper ceramic assemblages, which were excavated by the University of Arizona Archaeological
Field School programs, are examined as well as the Mug House assemblage (Figure 7.8).
Mug House site is a 94-room cliff dwelling located on Mesa Verde in Colorado. The site is
dated to AD 1200-1300 by dendrochronology. Over 45,000 sherds and many whole or restorable pots
were recovered.

Among these whole or restorable pots, vessel volume was calculated from

measurements for 59 corrugated jars. Because Pueblo III corrugated jars have a nearly spherical body,
their approximate volume can be calculated from vessel height, maximum body diameter, and height
of the body maximum diameter (Rohn 1971). This volume calculation is applicable only to vessels
with a roughly spherical body, and thus is not appropriate for Pueblo IV corrugated jars which have
a squatter body. These whole or restorable corrugated jars were mostly excavated from room floors,
although some pots were found in room fill.
Chodistaas is a 18-room pueblo dated to the late 13th century (A.D.1263 to 1290; Crown
1981; Zedeno 1994; Montgomery 1992), and located only 1.5 km from the Grasshopper site in eastcentral Arizona. Seventeen out of 18 masonry rooms were excavated. Because Grasshopper began
to expand immediately after the Chodistaas site had been abandoned, it is hypothesized that residents
of these two sites were closely related.

Chodistaas pueblo is considered to have been abandoned

abruptly; these rooms were filled with soil and refuse immediately after abandonment. Montgomery
hypothesized that it was ritually abandoned and destroyed (Montgomery 1992,1993). Because of the
abrupt abandonment, a large number of whole or restorable vessels, most of which were burned, left
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in the room floors are likely to reflect vessel assemblages in their use contexts (Crown 1981;
Montgomery and Reid 1990). The near lack of scavenging was suggested by the presence of precious
items (Crown 1981). In the present paper, 35 brown/gray corrugated jars excavated from floors of 8
rooms (Room 4 ,6 ,9 ,1 0 ,1 3 ,1 4 , and 17) are analyzed. Volume and other metric data were obtained
from illustrations made by M. Nieves Zedeno. In addition, use-alteration patterns cannot be observed
because these pots were burned in the course of abandonment.
Grasshopper is a large Pueblo IV site consisting of more than 500 rooms in the main ruin
and outliers (Longacre et al. 1982; Reid and Whittlesey 1982); it was excavated during 1963-1991. The
present analysis uses 47 whole or restorable brown corrugated jars recovered from floors of 22 rooms.
Most of these pots are considered to be de facto refuse because of their occurrence on the floors, and
because they were often found near hearths or in comers. However, because Grasshopper rooms were
gradually abandoned, these rooms were not necessarily used simultaneously, and the abandonment
pattern of floor vessels also varies among rooms. In fact, the number of whole and restorable pots
found in Grasshopper rooms tends to be smaller than in Chodistaas rooms. Thus, unlike Chodistaas,
it is unlikely that most pots used in a room were left behind. In addition to the floor pots, 35 brown
corrugated jars from burials are used as a comparative data in order to show the range of vessel
morphology.

(2) Vessel Size
Unlike neck constriction and relative height, volume distribution varies significantly depending
on the degree of mending and contexts of vessel abandonment.

For example, because larger pots are

more difficult to restore, the frequency of large pots should increase with the amount of effort
invested in mending. Concerning the contexts of vessel abandonment, large pots are more difficult to
carry, but can be more valuable than smaller pots because they need greater amounts of work and
higher skills to produce.

Thus, it is expected that, other conditions being equal, large pots tend to
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be abandoned

when transportation

costs outweigh the costs of new production, or when site

abandonment was too abrupt to permit their retrieval.

On the other hand, when the cost of new

production outweighs transportation costs, fewer larger pots are expected to have been left behind.
Considering this variation, it is necessary to examine the degree to which the size composition
of measured vessels represents that in their use contexts. Size composition is examined by using rim
diameter or maximum body diameter because a greater number of vessels are available for these
measurements.

This procedure is not only useful for cross-checking the volume data, but also

necessary for the Grasshopper assemblage in which only eight out of 47 corrugated jars have volume
data.
Size classes based on rim and/or maximum body diameter are established as follows. First,
rim (or maximum body) diameter is plotted against volume in search of correlations.

When a

relatively high degree of correlation is obtained, rim (or maximum body) diameter is categorized into
several size classes.

Finally, the composition of the size classes is compared among the three

assemblages.
1.

Chodistaas corrugated jars. When the distribution of volume is examined in bar chart

(Figure 7.9), four clusters can be identified: 1) smaller than 7 liters, 2) between 10-14 liters, 3)
between 18-50 liters, and 4) over 50 liters. This volume distribution shows a high degree of positive,
correlation with maximum body diameter (Figure 7.14a) and rim diameter (Figure 7.10). Because
volume and maximum body diameter were measured only for 35 corrugated jars, volume composition
is crosschecked with rim diameter distribution presented by Crown (1981:172, Table 26).

Rim

diameter data presented by Crown consist of 79 corrugated jars excavated from floors of 11 rooms.
As a result, distribution of rim diameter also shows a clear bimodal pattern with a lower peak at 22-23
cm which is roughly equal to 10 liters (Figure 7.10,11). Among vessels smaller than 10 liters, lower
peaks can be identified at 12-14 cm (roughly equal to three liters) and six to eight cm (roughly equal
to one liter), although these lower peaks are less distinctive due to a small sample size for vessels less
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than 10 liters.
Based on these facts, vessel size is are categorized into class (I) (volume less than three liters,
maximum body diameter less than 20 cm, and rim diameter less than 12 cm), class (II) (volume
between three to seven liters, maximum body diameter between 20-30 cm, and rim diameter between
12-22 cm), class (III) (volume between 10 and 20 liters, maximum body diameter between 30-38 cm,
and rim diameter over 22 cm), class (IV) (volume between 20-50 liters and maximum body diameter
between 38-53 cm), and class (V) (volume over 50 liters, and maximum body diameter over 53 cm).
The cut-off point between the second and third class is set not at 18 liters but at 20 liters because
Mug House and Grasshopper corrugated jars are differentiated at about 20 liters.
2. Mug House corrugated jars. The volume distribution of 59 corrugated jars in the bar chart
shows distinctive lower peaks at two to three liters and around 10 liters (Figure 7.9). Because
maximum diameter and rim diameter were not presented in the site report, correlations with volume
and diameter cannot be examined.
3. Grasshopper corrugated jars. Since volume data are available only for eight vessels, volume
classes are created based on correlations between maximum diameter and volume (Figure 7.14a).
Distribution of maximum diameter shows lower peaks at around 20 cm, around 30 cm, 36-38 cm, and
around 55 cm (Figure 7.13,7.14b). Since this maximum diameter distribution shows a relatively high
correlation with volume in an almost identical manner as to the Chodistaas assemblage, size classes
are categorized into five groups that are roughly identical to the Chodistaas size classes.
Considering the above facts, corrugated jars from the three sites are tentatively categorized
into five size classes: small (less than three liters), medium (three to seven liters), large (10 to 20
liters), LL (20 to 50 liters), and very large (over 50 liters). Size composition of Chodistaas assemblage
estimated by rim diameter can show the relative frequency of "small and medium size (vessels less than
10 liters)" and "large, LL, and very large size (over 10 liters)." When relative frequency of the five size
categories are compared among the three sites (Figure 7.12), the following points are observed.
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First, corrugated jars of the three sites were all dominated by vessels over 10 liters (large, LL,
and very large size). The frequency of vessels over 10 liters is highest in Grasshopper corrugated jars
(over 80%), followed by the Chodistaas assemblage based on actual volume (75%), the Chodistaas
assemblage based on rim diameter (about 50%), and the Mug House assemblage (about 50%).
Second, it is necessary to consider the effect of vessel use-life on vessel size composition.
Larger vessels tend to have longer use-lives because they are usually used less frequently than smaller
vessels. Thus, other conditions being equal, the frequency of larger vessels is likely to be higher in
a de facto assemblage than in a primary or secondary refuse assemblage.

Among the three

assemblages, the Chodistaas assemblage is considered to be closer to de facto refuse than the Mug
House assemblage, which could include some secondary refuses. This difference could explain the fact
that the Mug House assemblage lacks vessels over 30 liters and has a lower frequency of vessels over
10 liters than the Chodistaas House assemblage.

In addition, Grasshopper samples do not include

all whole or restorable vessels found in a room.
In sum, the higher frequency of larger corrugated jars at Chodistaas than in Mug House can
be explained by 1) removal of more portable vessels (i.e., small and medium sized vessels) and the
near lack of secondary or primary refuse in the Chodistaas assemblage.

(3) Comparison between Prehistoric and Historic Cooking Vessels
The cooking pot assemblage of historic Pueblos can be examined by using secondary refuse
excavated from Walpi Pueblo. Walpi is a Hopi pueblo located in northeastern Arizona (north of the
three prehistoric pueblos examined above), and has been used from the sixteenth century to the
present.

In Walpi pueblo, abandoned rooms on the first floor beneath presently-used rooms were

often used as middens.

Several rooms that had been used as middens between A.D. 1700 to 1900

were excavated (Adams 1979). Excavated cooking vessels, Walpi Orange and Walpi Plain wares,
consist of three functional types: large-sized jars (volume between 8 to 12 liters), wide-mouthed jars
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without neck constriction, and small-sized jars. Large-sized jars have a narrower neck than other two
types, and correspond to ethnographic "bean pots," which were used for prolonged boiling of beans
and com. The "chimney pots" often shown in the 19-20th century photos of Hopi pueblos are likely
to have been bean pots.

Photos taken between the late nineteenth and early twentieth century

(Arizona State Museum Photo collection) suggest that wide-mouthed jars without neck constriction
were, at least occasionally, set on three stones at an angle and used for roasting com or beans.
Although usage of small-sized jars is not clear, they are likely to have been used for cooking soups
or stew.
Similarities and differences in vessel shape between prehistoric (Pueblo III and IV period)
and historic cooking vessels are summarized as follows.
1. Vessel shape. Prehistoric and historic cooking pots have basically the same vessel shape:
wide-mouthed jars with a constricted neck, globular body, and round base. Because a round base is
suitable for setting on a deep hearth or on a three stones, similarity in base shape is related to hearth
structure (stone-walled, rectangular hearth on which cooking vessels were set) in prehistoric and
historic periods. Prehistoric assemblages differ from historic ones in that wide-mouthed jars without
neck constriction are lacking. This fact may suggest that roasting beans or com in order to shorten
their boiling time was not common during the prehistoric period.

However, the possibility that

broken vessels were reused for roasting should also be considered.
2. Vessel volume. Both prehistoric and historic cooking vessels occur in several size classes,
each of which has a different function. Large (volume between ten to 20 liters) and medium (between
three to ten liters) seem to be most common in both historic and prehistoric assemblages.

On the

other hand, it is unknown whether very large cooking vessels (over 50 liters), present in the
Grasshopper and Chodistaas assemblages, existed in historic cooking pot assemblage.
3. Morphological variation with vessel size. Grasshopper and Chodistaas corrugated jars tend
to be more neck-constricted as their volumes increase (Figure 7.14c). In Walpi cooking vessels, large
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sized bean pots have more constricted necks than small-sized cooking pots.

This tendency is also

observed in Kalinga cooking pots (oppaya and ittoyom, Figure 5.7) and Fulani cooking vessels (Table
7.4). Paradijon coron are the only exception (Figure 7.4). Thus, it can be said that this tendency
(holding shape constant, larger cooking vessels tend to have a more constricted neck) is commonly
observed among non-specialized potters (not highly standardized pottery making).

As noted, this

tendency can be explained by more than one factor, including functional convergence (e.g.,sm aller
cooking pots tend to need more stirring) and ease of production (since ease of access to the vessel
contents can be obtained by having a certain orifice diameter, absolute orifice diameter increases
disproportionally to vessel volume).

Puebloan Cooking Techniques

Cooking techniques of ethno-historic Pueblos are examined based on Hopi traditional recipes
described in Kavena (1980). Hopi traditional dishes are selected because the Hopi cooking methods
and foodstuffs retain more traditional elements than other Pueblos (Whiting 1939), and because there
is a strong cultural continuity between present Hopi pueblos and prehistoric pueblos (e.g., the
Homolo’vi site; Brew 1979; Adams 1979). Table 7.5 shows cooking techniques of com and beans
using cooking vessels (i.e.,boiling and steaming). Dishes cooked by roasting, sauteing, and frying are
excluded because these heating methods are considered to have been of little importance during the
prehistoric period. Com and bean dishes are selected because, as noted below, they have been by far
the most important foodstuffs since the prehistoric period.

For each dish, cooking techniques are

examined in terms of the kind of foodstuffs (major and minor ingredients), amount of water
(expressed relative to the amount of ingredients), heating methods (boil, simmer, and so on), heating
time, frequency of adding water and stirring, and eating method (including contexts of consumption).
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Hopi cooking methods of com and beans (produced from Kavena 1930)
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(1) Cooking Techniques for Com Dishes
Like rice for Asian rice farmers, com is not only the most important food for Pueblos but
also critical to their rituals and everyday life. Varieties of com, its preparation, heating methods, and
serving (eating) methods are examined based on recipes described in Kavena (1980).
1. Corn varieties. Different varieties of corn tend to be used for different ways of cooking
(Kavena 1980). For example, white com, most commonly planted, is used for everyday cooking in the
form of flour. Blue com, the second most common variety, is often used for making com bread,
sauces, and soup for ceremonial and everyday meals. Blue com is most frequently used for ceremonial
dishes (e.g.,chukuviki). Red com is frequently used for cooking after being roasted as well as used
as a dye.

Yellow com, having a better taste but lower in productivity, is sometimes used as a

substitute for white or blue com in ritual and everyday cooking. Sweet corn, one important element
of kachina ceremonies, is stored whole after being roasted.
2. Preparation of com.

Hopi com processing includes 1) com roasting for preservation, 2)

drying the roasted com for preservation, and 3) com grinding for making flour. The Hopi roast com
cobs whole in outdoor roasting pits, and then drying them by hanging a bundle of corn outside or
inside of pueblo rooms.
Com is used for cooking in the form of flour or grain. Flour is more common than grain.
In grinding corn, three different grinding stones (fine, medium, and coarse) are used to produce flour
of various textures. These different forms of com tend to be used for different meals. When com
is cooked as a grain (including hominy and whole com), sweet com that has been stored after roasting
is often used.
3. Heating method.

Average Hopi housewives can cook more than 30 kinds of com dishes.

Hopi heating methods are categorized into four groups: 1) prolonged boiling (simmering) of grain,
hominy, or whole com with a large amount of water (e.g., sweet com stew, dried baked sweet-com,
whole com with bean sprouts or "hozraquive," and Hopi hominy), 2) simmering of com flour in the
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form of stew, gruels, or pudding (e.g.,com gruel, quick pikami, and Hop! finger bread or "huzusuki"),
3) short-term boiling or steaming of corn flour dough with abundant water (e.g., blue marble,
mumuozupiki, blue com dumpling, thumb print bread or "kolatqubi," somuviki, and chukuviki), and
4) roasting or frying in a frying pan (e.g., omelettes, com hominy with eggs, fresh com chili fritters,
blue commeal and flour griddle cakes, blue com hot cakes, tortilla, fried hush puppies, and com bread
with rabbit intestines) or in an oven (e.g., fresh corn bread or "nakviki," piki bread, sweet-com
pudding or "pikami").
These heating methods are correlated with different forms of com. Com flour is cooked in
various ways: 1) roast or fry flour dough in a frying pan, shallow cooking pot, or oven, 2) boil flour
dough balls in a pot with abundant water inside, or steam them, or 3) simmer flour and water into
a pudding- or gruel-like form (e.g., quick pikami).

On the other hand, com grain is cooked by

prolonged boiling for softening, or simmering into stew.
Heating time, frequency of stirring, and the amount of water filled in a pot vary according to
the heating methods. Boiling (simmering) of grain, hominy, or whole com often uses larger amounts
of water (four or five times more than the content’s volume), and takes over two hours. Water is
sometimes added in hominy cooking. Interestingly, only ceramic cooking pots are used for boiling
the Hopi hominy. Boiling (or steaming) of com flour dough takes less than 30 minutes and uses a
large amount of water. Finally, simmering com flour uses smaller amounts of water (0.5 to three
times larger than the content’s volume), and is heated for a shorter time. Frequent stirring is needed
for the stew-like dish and the prolonged boiling of com grains, whereas boiling (or steaming) of com
flour dough and boiling whole corn do not need frequent stirring.
4.

Serving (eating) methods. Com dishes are consumed either as 1) a main dish, 2) bread or

boiled dough balls associated with other vegetables and/or meat, 3) dessert, or 4) ceremonial dishes.
These ways of consumption are correlated with heating techniques. For example, roasting, sauteing,
or frying are used mainly for bread (including com bread, pikami, piki bread, tortillas, and hush
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puppies), and, to a lesser degree, for main dishes (omelettes, com hominy with eggs, and fresh com
chili fritters) and dessert (blue corn hotcakes).

On the other hand, boiling and simmering are

principally used for main dishes such as stew- or gruel-like dishes and instant pikami, and, to a lesser
degree, for bread such as Hop! finger bread (huzusuki).

Prolonged boiling with abundant water is

used for main dishes, whereas short-term boiling with abundant water is used for bread-like (dough
balls) dishes consumed with vegetable and/or meat. Finally, ceremonial dishes including hozmquive
(cooked only at the Powamu ceremony) and chukuviki (cooked at wedding ceremonies) are all cooked
by boiling. Because ceremonial dishes tend to retain more traditional elements than everyday dishes
or dessert foods, boiling of com flour or grain is likely to have a long tradition.

(2) Cooking Techniques for Bean Dishes
Varieties of beans, heating method, and frequency of stirring and adding water are examined
based on recipes described in Kavena (1980).
1. Bean varieties. The Hopi grow more than 14 varieties of beans, including tepary beans,
string beans (including green, kidney, red, pinto beans), and lima beans (Kavena 1980:3). Among
them, tepary and string beans are the most common varieties. Tepary beans were domesticated from
native varieties by the prehistoric Indians, and thus, are well adapted to the environment of the
Southwest; first, the tepary is more resistant to water shortage and insect damage; and second, they
can satisfy the appetite in much smaller amounts than ordinary beans; and finally, having been derived
from many wild varieties, they include many varieties such as white, black, and brown (Niethammer
1974:128-129). For preservation, these beans are dried immediately after harvest. Although their
volume is reduced to one-tenth after drying, their nutritional value does not decrease significantly
(ibid.).
2. Heating method. Beans are usually cooked by prolonged simmering (i.e.,heating for two
to three hours by low flame; Table 7.5) because dried beans have very hard shells. Refried beans
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(pounded beans are fried in a frying pan) is the only dish in which another heating method is used.
However, even in the cooking of refried beans, dried beans are first boiled for some hours before
being pounded. After boiling (simmering), their volume increase by two to three times. Traditionally,
large ceramic bean-cooking pots were used for boiling beans because of their higher thermal retention
capability.
The amounts of water poured in a bean pot is mostly between two to three times larger than
the volume of beans. The amount of water relative to the content’s volume is smaller than in the
boiling of com grain or hominy. This may be because in bean boiling, water is more frequently added
in the course of boiling.
3. Frequency of stirring and adding water. During bean boiling, water is sometimes added
and the contents are occasionally stirred. In the recipes recorded by Kavena (1980), adding water and
occasional stirring are recorded in six out of seven dishes cooked by boiling (Table 7.5). Compared
to boiling of com grain or hominy, bean boiling needs more frequent additions of water. This is
probably because the amount of water filled in a pot is smaller in bean boiling than in the com
grain/hominy boiling.
4. Serving (eating) method. Pinto bean dishes constitute a complete meal or are consumed
as a main dish eaten with bread. Lima beans are not everyday food. String beans and refried beans
are considered to be consumed as a side dish, although Kavena (1980) does not mention how they are
eaten.
5. Similarities to, and differences from com grain boiling. Both com grain (including hominy
and whole com) and beans are boiled (simmered) for two to three hours with a large amount of water
(more than two times larger than the content’s volume) in a pot. In many cases the contents are
stirred occasionally or frequently.

Both are often consumed as a main dish. On the other hand,

boiling of grain com differs from boiling of beans in following ways. First, com boiling uses larger
amounts of water than bean boiling but water is added less frequently. Second, ceremonial dishes are
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restricted to com dishes. This fact suggests the cultural as well as dietary importance of com among
Pueblo people.

(3) Prehistoric Cooking Technique
Prehistoric cooking techniques can be inferred from plant and animal remains, cooking-related
features, and use-alteration patterns of cooking vessels.
1. Plant and animal remains.

Remains

of domesticated

plants

excavated from the

Grasshopper site include com, beans, and squash (Bohrer 1982). Com, excavated as carbonized cobs,
is more frequently found than other plants. Discovery of bean remains is infrequent, and squash is
mostly identified through pollen samples. This dietary pattern, dominated by com and supplemented
by beans and squash, is very similar to that of ethnographically known Pueblos. Analysis of animal
remains and carbon isotope analysis of human bones in the Grasshopper site suggested that the
dietary importance of meat and wild plants decreased and that of domesticated plants increased from
the early half of its occupation (A.D. 1285-1325) to the later half (A.D. 1325-1400) (Olsen 1990; Ezzo
1992). Animal remains were dominated by mule deer, followed by white-tailed deer, cotton-tail and
jackrabbit, pronghorn, and bighorn sheep.

Historic Pueblos began to use sheep due to Spanish

influence. However, whether the dietary importance of meat decreased from prehistoric pueblos to
historic pueblos is unknown.
2.

Cooking-related features.

Mealing bins that consist of more than one metate were

frequently found in Pueblo III and IV sites. There is a striking similarity in their shape, size, and
composition (more than one metate was used for producing varying particle sizes of flours) to
ethnographic metates. This fact suggests that com flour was important in the Pueblo diet. Assuming
that com soaking was introduced to the Pueblos relatively late (Minnis 1985), it is likely that com
flour was more frequently used than com kernels (including hominy and whole com) during the
prehistoric period.
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There is a strong connection between piki consumption and the kachina ceremony in both
the historic and prehistoric periods (Adams 1979). Hopi ethnographies show that, although piki is
not restricted to ceremonial food, large amounts of piki were distributed to participants in the kachina
ceremony. During the prehistoric and protohistoric periods, piki stones and griddles were excavated
from the Homolo’vi site, which also had kachina figures painted on ceramics and walls as murals. In
addition, large, deep pits excavated outside pueblo architecture in the Homolo’vi site are inferred to
have been used to heating com. In contrast, in the Grasshopper and Chodistaas sites, which showed
no evidence of Kachina ceremonies, no piki stones or griddles were found.

Based on these facts,

Adams hypothesized that piki stones originated during the 12th century when Kachina ceremonies
were introduced to the Pueblos (Adams 1979).
Except for the piki stones, cooking vessels used for frying and roasting ovens were not found
during prehistoric period.

Thus, it is hypothesized that during the prehistoric period, boiling in

ceramic cooking vessels was the most important heating method, and that roasting and frying were
not common except for the ceremonial piki bread.
3.

Use-Alteration Patterns of Prehistoric Corrugated Jars. As noted, cooking vessels in the

Pueblo III and IV period are wide-mouthed corrugated jars with a constricted neck and globular body.
Use alteration patterns of these corrugated jars were examined in the Grasshopper

assemblage

(Kobayashi n.d.), and categorized based on a combination of carbon deposits on the interior base,
interior spalling, and exterior sooting.
Interior spalling is characteristic of Kalinga rice cooking pots (Skibo 1992, Kobayashi 1994;
see Chapter 8 for detailed discussion).

Observations on Kalinga cooking pots and a series of

experiments conducted at Laboratory of Traditional Technology, Department of Anthropology, the
University of Arizona, suggest that spalling is caused by steam "blowing"off vulnerable areas (Schiffer
et al. 1994). Thus, the presence of spalling on the interior base suggests that the liquid contents are
nearly gone at the end of heating. Carbon deposits also never form on the interior base when there
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is abundant liquid in the vessel. Thus, the presence of spalling and/or carbon deposits on the interior
base suggests stew- or mush-like cooking in which water is almost gone near the end of the cooking
process. The fact that interior spalling always occurred on carbon deposits (i.e .,it never occurs in
vessels that lack interior carbon deposits) also suggests that interior spalling on Grasshopper
corrugated jars was caused by thermal stress, rather than chemical corrosion (as in cases presented
by Hally 1984).
Based on the above facts, use-alteration patterns of Grasshopper corrugated jars may be
categorized into five types (Figure 7.13): Type I (exterior sooting, interior carbon deposits, and
interior spalling are all lacking), Type II (exterior sooting is present, but interior carbon deposits and
spalling are lacking), Type III (exterior sooting and interior carbon deposits are present, but interior
spalling is lacking), Type IV (exterior sooting, interior carbon deposits, and interior spalling are all
present, and interior spalling is limited to the lower body, i.e.,the spalling is lacking on the interior
base), and Type V (same as Type IV except that the interior spalling extends from lower exterior to
base).

Type I vessels are unlikely to have been used for heating.

Type II vessels were used for

heating, but differ from Type III, IV, and V vessels in that they were heated less intensively, or they
were always heated with abundant water inside.

Type III, IV, and V vessels were used, at least

occasionally, for stew- or mush-like cooking in which water was nearly gone at the end of heating.
It is likely that the differences among Types II, IV, and V reflect intensity of heating (in a cumulative
sense).
When relationships between these use-alteration types and five size classes are examined, it
is seen that large sized jars are dominated by use-alteration Type V, whereas LL sized jars are
dominated by Type IV (Figure 7.13). Small, medium, and very large jars show higher frequencies of
Type I, II, and III than large and LL jars.

Thus, interior carbon deposits and spalling are most

intensive in large sized jars, followed by LL size, and small/medium and very large size. Based on
these facts, it is likely that large and LL corrugated jars were used more frequently for stew- or mush
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like cooking, whereas medium/small jars and very large jars were used more frequently for boiling with
abundant water inside (i.e.,soup-like cooking or boiling beans or corn for softening them).

(4) Changes in Cooking Techniques from Prehistoric to Historic Pueblos
The above analysis suggests that the following changes occurred in Puebloan cooking
techniques from the prehistoric to the historic period.
1. Major Foodstuffs. Both historic and prehistoric Pueblos likely had a similar dietary pattern
in that com was the most important food, followed by beans and squash. On the other hand, it is
difficult to evaluate the dietary importance of meat in the prehistoric and historic periods.

A

diminished range of domesticated animals and the dominance of small animals during the prehistoric
period suggest that meat may not have been as important as in the historic period.

Furthermore,

since Western vegetables such as chili, onions, and tomatoes, were introduced after Spanish contact,
boiling of corn and beans with meat, chili, onions, and tomatoes, a common method of historic Hopi
cooking, was not used often during the prehistoric period.
2. Com Preparation.

As noted, com preparation that requires some facilities includes com

roasting for preservation and com grinding for producing flour.

The common presence of com

grinding stones (manos and metates) in prehistoric pueblo rooms, whose shape and arrangement are
basically the same as in historic ones, clearly suggests that com flour was often cooked during the
prehistoric period.
It is difficult to reconstruct techniques of prehistoric com roasting. Roasting pits are difficult
to identify archaeologically, even if they existed, because they are likely to have been located in or
near corn fields. Furthermore, corn roasting can be conducted in large cooking vessels. Carbonized
com cobs found inside of Pueblo III and IV large corrugated jars suggest that at least some prehistoric
corrugated jars were used for corn roasting (M. Nieves Zedeno, personal communication).
3. Heating Method. Historic Pueblos cooked com most frequently by boiling (i.e.,com kernel
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or flour dough were boiled with large amounts water), and to a lesser extent, by simmering (stew- or
mush-like dishes) and roasting (bread-like dishes).

The fact that Hopi ceremonial foods (e.g.,

hozruquive and chukuviki) were cooked by boiling suggests that boiling (with abundant water in the
pot) has been a traditionally important heating method. Prehistoric heating methods differ from these
historic methods in the following ways. First, carbon deposits and spalling found commonly on the
interior base of prehistoric cooking pots suggest that simmering of mush- or stew-like dishes was more
common prehistorically. As noted, modern Hopi com stew is not very thick (more like a soup), and
Hopi com gruels are cooked as a patient’s dish. Since boiling of com kernels or flour dough, which
needs large amounts of water, does not produce carbon deposits or interior spalling below the water
level, these dishes are likely to have been less important during the prehistoric period. Second, a lack
of ovens and frying pans, except for piki stones, in prehistoric pueblos suggests that roasting and frying
were not as important as in the historic period. Since meat is often cooked by roasting and frying,
and thus the increase in the importance of roasting and frying from the prehistoric to the historic
period is likely related to the increased dietary importance of domesticated animals.
Based on these facts, it is hypothesized that stew- or mush-like dishes (cooked by simmering)
were gradually being replaced by bread-like dishes, such as baked com bread, tortillas, and boiled com
dough (pikami, dumplings, finger bread, and so on) as the importance of roasted meat consumption
increased. It is likely that the increase of roasting and frying as well as of meat consumption was due
to Western influences such as introduction of metal frying pans and domesticated animals. Because
both stew- and mush-like dishes and bread-like dishes can constitute a major dish (i.e.,dishes that can,
in themselves, satisfy the appetite), rather than side dishes, the increase in the dietary importance of
bread-type dishes probably diminished the importance of stew- or mush-like dishes.

Relationships

between Vessel Morphology and Cooking Techniques

(1) Comparing the Use of Cooking Vessels in the Historic and Prehistoric Periods
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The inferred use of large cooking vessels differs markedly in prehistoric and historic periods.
In historic Pueblos, large cooking vessels (bean pots) were used for prolonged boiling of beans and/or
corn to soften them, whereas during Pueblo IV period, large and LL corrugated jars are considered
to have been used for stew- or mush-like cooking in which water is almost gone at the end of heating.
Thus, it is hypothesized that the differentiation of cooking pots by size existed in both prehistoric and
historic cooking, but in different ways. This difference is likely to have resulted from the changes in
cooking techniques discussed above.

(2) Relationships between Vessel Morphology and Use
The inferred uses for the three vessel types of Walpi wares (historic Pueblos) are correlated
with size and shape in following ways. First, bean pots tend to be larger than other types probably
because softening beans or dried com needs prolonged boiling (sometimes up to two hours; Kavena
1980): for prolonged heating it is necessary not only to put a large amount of water (three to five
times of the foodstuff’s volume) in the bean pot to prevent a shortage of water, but also to keep the
water level from overflowing. Second, large jars (bean pots) have a more constricted neck than small
sized jars, probably because soup or stew cooking requires more frequent stirring than prolonged
boiling of beans or com. Although boiling beans or com for softening them also needs stirring, their
stirring is unlikely to be as frequent as in stew or soup cooking because bean boiling pots usually
contain larger amounts of water (i.e.,m ore fluid) than soups/stews. Finally, wide-mouthed jars lack
neck constriction probably because roasting pots need constant stirring.
Unlike the historic cooking pots examined above, it is not easy to examine form-function
relationships for prehistoric cooking vessels because their actual uses are not very clear and because
prehistoric corrugated jars occurred basically in a single shape with several size classes. Thus, instead,
changes in vessel shape and assemblages from the prehistoric to historic periods are correlated with
changes in cooking techniques.
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As noted, it is hypothesized that the dietary importance of stew- or mush-like dishes
decreased and that of bread-like dishes increased from the prehistoric to the historic period.

Comparison between Puebloan Corn Farmers and Asian Rice Farmers
Cooking techniques and morphological characteristics of cooking vessels are compared
between Puebloan com farmers and Southeast Asian rice farmers (the Kalinga).

(1) Cooking Technique
Type of foodstuffs, preparation of major cereals, and heating methods are compared between
Puebloan com farmers and Southeast Asian rice farmers.
1. Type of Foodstuffs.

In both groups major cereals, sources of carbohydrate,

are

supplemented by beans that are sources of protein. As a result, meat is not very important.
2. Differentiation between Staple Dishes and Side Dishes. The Kalinga cooking method is
sharply differentiated into staple rice cooking and side dish (vegetable, meat, or fish) cooking in terms
of type of foodstuff (staple rice is a source of carbohydrate, whereas side dishes function as flavoring
the rice), heating method (the staple rice is boiled intensively for a short time, whereas side dishes
often need prolonged boiling with large amounts of water), the frequency of stirring and adding water,
and water level. On the other hand, the concept of "staple food" is not clear in Puebloan cooking for
the following reasons. First, both com and beans are nutritionally important.

Second, com dishes

are cooked by various heating methods such as prolonged boiling of com grains, simmering, boiling
of flour dough, and roasting.
heating method.

Third, com is cooked in the form of grain or flour, depending on

Finally, most dishes need frequent stirring.

3. Heating method. Boiling is the most important heating method in both Pueblos and the
Kalinga. Because husked rice grains lack hard skins but their interior (albumen) is hard, rice is cooked
by boiling in the grain, rather than being ground into flour.

Kalinga side dishes, especially of
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traditional foods, are mostly boiled with large amounts of water. Pueblos use roasting for making
bread-type dishes more frequently than rice farmers.

However, the lack of ovens in prehistoric

pueblos suggests that, except for piki bread, roasting became important due to Spanish influence.

(2) Morphological Characteristics of Cooking Vessels
Assemblage, volume, and presence/absence of lids are compared between Pueblo com farmers
and Southeast Asian rice farmers. It should be noted that vessel shape, such as relative height and
neck constriction, cannot be directly compared between cultures because relationships between these
ratios (in absolute values) and vessel use are not constant. For example, the fact that Puebloan bean
pots have less constricted necks than Kalinga and Paradijon side dish cooking pots does not
necessarily mean that ease of access to the contents is less important in the Puebloan cooking pots.
Instead, it more likely reflects a difference balance between ease of access and heating efficiency (i.e.,
restricting evaporation).

For example, it is possible to hypothesize that heating efficiency (restricting

evaporation) is more important in dry environments where availability of firewood is much more
limited (e.g.,Pueblos) than in humid environments

(e.g.,Southeast Asian rice farmers.) Thus, it is

necessary to use these ratio data for examining the degree of functional differentiation of vessel types
within a culture. Pueblo cooking pots differ from Kalinga pots in four ways.
1.

The degree of differentiation. Unlike rice farmers’ cooking pots, Pueblo cooking pots were

not differentiated into "staple" and "side dish (vegetable/meat/fish)" cooking pots. As noted above,
this is basically because Puebloan cooking techniques do not have such a differentiation. For example,
since boiling of com grain and beans are similar in terms of amounts of water, duration of heating,
and frequency of stirring, there in no reason that the cooking pots need to be differentiated from each
other. Instead, historic "beans pots" are likely to have been used occasionally for com grain boiling.
Thus, Puebloan cooking pots were differentiated into sub-types in terms of vessel volume rather than
vessel shape, reflecting the amounts of water (relative to contents’ volume) rather than the type of
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foodstuffs; prolonged boiling of beans and corn grain, which use large amounts of water, need larger
vessels than simmering of stew- or mush-like dishes.
2.

Volume. Puebloan cooking pots tend to be larger than rice farmers’ cooking pots (Figure

7.12). As noted in chapter 5, everyday cooking pots of Kalinga and Paradijon are mostly less than six
chupas (less than five liters). In Kalinga, large vessels used almost exclusively for ceremonial cooking
are between 10 and 20 chupas (8 to 15 liters). In Paradijon, the largest vessels are 1.5 gantas (nine
liters).

In contrast, Chodistaas and Grasshopper floor de facto refuse assemblages suggest that

prehistoric Pueblos had large (over 10 liters) cooking pots for everyday use in much higher frequencies
than do rice farmers. In historic Pueblos, "bean pots," whose volumes fall between 8 and 12 liters,
were one of the major vessel types for everyday cooking.

There are three factors to explain the

volume difference. First, because differentiation between staple and side dish cooking is not clear in
Puebloan cooking, using more than one cooking vessel for a meal is less frequent in Pueblos than in
rice farmers. In contrast, the Kalinga usually use a set of two cooking pots (rice and side dishes) for
a meal.
Second, because boiling of beans and corn grain needs large amounts of water, cooking pots
need to be several times larger than the amounts of beans or com grains. On the other hand, rice
can be cooked up to the neck of a cooking pot because overflowing is not a problem and because rice
tastes better when it is cooked in quantity. Thus, rice cooking pots only have to be a little larger than
the rice’s volume. Therefore, when the amounts of contents are equal, rice cooking pots can be much
smaller than bean or com cooking vessels.
Third, the Kalinga usually cook rice at each meal because rice does not need prolonged
heating, because rice does not taste good when reheated or cold, and because leftover rice is
consumed by domesticated animals.

On the other hand, because Puebloan com grain and bean

boiling usually takes two to three hours, it is likely that they were cooked in quantities sufficient for
several meals rather than having been cooked at each meal.
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3.

Presence/absence of Covers. Pueblo com farmers, both historic and prehistoric, did not

use ceramic lids, whereas rice farmers usually use lids, either ceramic or metal, for both rice and side
dish cooking. In Kalinga, it was observed that lids were used less often as the frequency of stirring
and adding water decreased. Thus, it is likely that Puebloan com farmers seldom used lids frequently
because their cooking needed frequent stirring.

SUMMARY: ETHNOGRAPHIC

MODELS OF FUNCTIONAL DIFFERENTIATION

When the cooking method is clearly differentiated between staple cereals (rice or sorghum)
and side dishes (vegetable/meat/fish), the degree of morphological differentiation into staple cooking
pots and side dish cooking pots depends on similarities in heating methods (especially frequency of
stirring, amount of liquid, and water level) (Table 7.6). When side dish cooking is similar to staple
cereal cooking, staple cooking pots tend to be larger than side dish cooking pots (i.e.,differentiated
by vessel size), but they are not differentiated by vessel shape. This is because when the diet is clearly
differentiated into staple and side dishes, the staple cereals are consumed in much larger amounts
than side dishes.

Paradijon and the Fulani are examples of this case.

In Paradijon, the most

important side dish is roasting (or steaming) of fish in coron. The fish cooking method is similar to
rice cooking in that moisture is mostly gone by the end of the heating period, that the contents are
filled up to vessel’s neck, and that no stirring is necessary. Thus, there is no reason that side dish
(fish) cooking pots need to have a different shape from rice cooking pots. On the other hand, rice
cooking pots need to be larger than side dish cooking pots because rice is consumed in much larger
quantities than fish. In Fulani, staple sorghum need intensive stirring during heating. Thus, sorghum
cooking and side dishes (mostly stew- or sauce-like dishes) are similar in that both need frequent
stirring, and that the liquid is mostly gone at the end of heating.

Thus, differences in neck

constriction between sorghum cooking pots (defruude) and side dish cooking pots (hakoore and talle)
are much less distinctive than that between Kalinga ittoyom and oppaya.
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On the other hand, when staple cereal cooking and side dish cooking contrast in the above
points, the cooking pots are likely to be differentiated by shape (especially, neck constriction and
relative height), but not by volume. The Kalinga furnish an example of this case.
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CHAPTER 8.

USE-ALTERATION

ANALYSIS OF KALINGA COOKING POTS

METHOD OF ANALYSIS
The aim of this chapter is to present models, based on ethnoarchaeological

data, for the

formation of carbon deposits, exterior sooting, and attritional wear on ceramic vessels. Because it is
impossible to know the formation of archaeological use-alteration patterns in different cooking
situations, we turn to ethnoarchaeological and experimental studies to build models that connect usealteration patterns and cooking behavior.

As described in Chapter 5, the examination of Kalinga

cooking behavior has shown that rice and vegetable/meat cooking can be distinguished from each
other in terms of such parameters as the amount of water left in the pot, water level, intensity of
flames, heated area of the vessel (base only, or base and side), frequency of stirring, frequency of
boiling water overflow, and use of a lid. In addition to the well differentiated rice and vegetable/meat
cooking, rice cakes (chaycot) are usually cooked in vegetable pots. Therefore, it is expected that these
differences in pot usage produce distinctive use-alteration

patterns between rice cooking pots

(ittoyom) and vegetable/meat cooking pots (oppaya). Also, an examination of various use-alteration
studies has shown that use-alteration

patterns are likely to vary with the number of use events

(Kobayashi 1994).
Based on these facts, the present use-alteration

analysis focuses on variation in heating

methods (rice and vegetable/meat cooking) and in the number of use events. In order to make models
on the process of use-alteration
behavior and use-alteration
behavior.

formation, analysis proceeds with as follows.

First, vessel use

types are defined specifically so that they properly reflect cooking

Second, because it is critical to control the relative number of use events, various use-

alteration variables are correlated with vessel type (rice pots and vegetable/meat pots) and the number
of use events (represented by four resin removal stages described below) in the following ways. For
each use-alteration variable, variations in terms of the number of use events (i.e., changes form the
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first to the fourth stage of resin removal) are described for the rice pots and the vegetable/meat pots,
respectively.
controlling

Then, the rice pots and the vegetable/meat pots are compared with each other by
for resin removal stage.

Finally, the interior carbon patterns

of the rice and

vegetable/meat pots are compared across the four resin removal stages to investigate whether the two
vessel types can be distinguished at various points in their use history.

CATEGORIES

OF POT-USE BEHAVIOR

Comparisons among various Kalinga cooking techniques have shown that rice cooking and
vegetable/meat cooking differ from one another in heating behavior and contact behavior. Heating
behavior is related to carbon deposits, deposition and oxidation of soot deposits, and thermal fatigue
of ceramic walls, while contact behavior is related to attrition.
in terms of its intensity, location, and duration.

Each use-alteration type is examined

As noted, variables in heating behavior that are

critical for use-alteration analysis include 1) amounts of moisture left in a vessel, 2) size of flames
(heat by flames or by charcoal), 3) distance from heat source, and 4) amounts of organic materials on
the vessel’s wall.
Variables in contact behavior include 1) contacted (worked) materials, 2) mode of contact,
and 3) the vessel’s surface conditions.
1.

Worked materials that can produce attritional wear on the interior walls of Kalinga cooking

pots include 1) cooking utensils and 2) washing tools and media (a rice bundle, sand particles, ash,
and soap), while those on exterior walls include 3) rocks and/or cemented floor of a washing place,
4) washing tools, 5) a set of three pot stands made of ceramic or stone, 6) a hearth floor with coals,
on which rice pots are placed during the simmering stage, and 7) a pot holder with which a pot is
taken away from the pot stands (Skibo 1992). These worked materials are examined in terms of
hardness (harder than the ceramic surface, nor not) and area of contacts (point contacts or wide area
contacts).
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2. Mode of contact includes such parameters as intensity (magnitude of physical forces),
direction of the force (vertical or lateral to the walls), duration of the contact, location of the contact
on ceramic walls, and areas (size) of the contact.
3. Surface condition means presence of soot deposits on the exterior walls, presence of resin
coating on the interior surface, and hardness of the vessel’s surface. The presence of soot deposits
and resin coating is related to the amount of attrition the ceramic surface receives in that when soot
deposits exist on exterior walls, surface attrition forms on them without damaging the ceramic surface
itself. Hardness of the surface relative to the worked materials affects the intensity of the contact
attrition (Skibo 1992).

TYPES OF USE-ALTERATION
Use-alteration types that are expected to reflect variation in the above cooking behavior
include 1) deposition of carbonized organic materials (carbon deposits), 2) deposition and oxidation
of soot resulting from fuel combustion (soot deposits and oxidation spots), 3) thermal fatigue of
ceramic walls (thermal spalls), and 4) attritional wear produced by physical contacts (nicks, chipping,
cracks, and abrasions). These use-alternations are examined in terms of intensity (i.e. color, thickness,
and chemical/physical composition) and location (placement, shape, size, and continuity).
Most location

variables can be quantified,

whereas many intensity variables cannot.

Measurable variables (e.g.,height, area, length, width, number) can be analyzed either as raw numbers
or by being categorized into types.

Variables that are not measurable (e.g., color) or not easily

measured (i.e. thickness and density) are categorized into types.

Color and thickness can be

categorized fairly objectively, while categorizing the degree of intensity (e.g., "intensive," "intermediate,"
and "light" involves some subjectivity).

In order to apply the results to prehistoric ceramics, it is

necessary to select use-alteration variables that are archaeologically observable. Previous studies on
the formation of these use-alterations are summarized as follows.
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Interior Carbon Deposits
Interior carbon deposits result from carbonization of organic materials (food residues) that
stick to the wall. Thus the presence of organic materials and intense heat are the most important
determinants of interior carbon formation. Factors that determine the wall temperature include the
amount of water in the pot (when the pot contains large amounts of liquid, the wall does not become
hot enough to produce carbon deposits), distance from the heat source to the vessel wall (the shorter
the distance, the more intensive the carbon deposits that form on the interior wall), the temperature
of the heat source, and the heat conductivity of the vessel wall.
Interior carbon deposits differ from exterior soot deposits in the degree of accumulation and
the gradations of color and thickness.

Moreover, unlike exterior soot deposits, interior carbon

deposits penetrate below the vessel surface. In many archaeological pots, carbon deposits that are
absorbed into the wall from the interior surface can be observed on or near the base. Interior carbon
deposits are also unique in that they rarely become oxidized after they are formed. This is because
the interior walls are not subjected to direct flames and therefore do not become as hot as the exterior
walls, and also because the presence of liquid in the pot prevents the oxidation of carbon deposits
below the water level. Thus, the absorption of the carbon deposits into the wall and the lack of
oxidation of previously formed carbon deposits make interior carbon formation a cumulative process.
In other words, interior carbon patterns may reflect carbon formation since the first use of a pot, in
contrast to exterior soot, which can oxidize easily when the exterior walls are heated intensively.
Interior carbon deposits also progress through a gradual color change.
performed by the author demonstrate

Experiments

that, with use, the color of the carbon deposits changes

gradually from light brown to dark brown to black (Kobayashi 1992).
One problem in the analysis of carbon deposits is distinguishing use-related carbon deposits
from firing clouds. Firing clouds can be distinguished from carbon deposits by their color (usually
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bluish), lack of accumulation in wall sections, and irregular shape.

In Kalinga cooking pots the

location of firing clouds is relatively standardized in that they are localized on the interior base and
interior neck/ rim. It is believed that firing clouds on the interior base, usually occurring as relatively
large round patches, are produced by combustion of grasses (as fuels), whereas those on the interior
neck and rim areas are produced by contact with a wooden bar with which the hot pot was removed
from the fire for applying resin. Firing clouds on middle interior walls can be clearly distinguished
from carbon patches in that carbon deposits (in patches) are usually aligned horizontally level, while
firing clouds on middle interior walls are usually irregular in shape and bluish in color. On the other
hand, it is sometimes difficult to distinguish basal carbon patches from basal firing clouds.

Exterior Soot Deposits
Exterior soot deposits are mostly by-products of fuel combustion (Hally 1983, 1986). Based
on experiments and an observations on Kalinga pots, Skibo (1992:145-169) demonstrated that sooting
patterns (in terms of thickness, presence/absence of luster, and location) are affected by such variables
as the distance from the heat source to the vessel walls, the presence of water in the pot, the presence
of moisture on the exterior surface, and the type of wood used as fuel.
As Skibo (1992:161-162) points out, resin contained in the fuel makes carbon particles stick
to the wail. Therefore, the exterior soot deposits only adhere to the vessel surface and are not
absorbed into the wall. As a result, the exterior soot can be removed easily by either oxidization,
cleaning, or weathering.
The removal of soot through oxidization is described in detail by Skibo (1992:152-162). Soot
removal through weathering is observed in some Kalinga pots transported from the study area to the
Arizona State Museum. In these pots, small patches of the soot layer were partially removed through
weathering, exposing the original brown surface under the soot layer. Therefore, when archaeological
cooking pots lack soot, it does not necessarily mean that they were not once exposed to an open fire
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and covered with soot.
The location of soot also follows a pattern.

The soot layer is thickest in the middle/lower

portion of the body, tapering toward both the base and the neck (Hally 1983; Skibo 1992:153-157).
The upper portion of the body does not have thick sooting because it curves inward and is not directly
exposed to the rising soot.

Thermal spalling
Interior thermal spalls, studied in detail by Skibo (1990, 1992), are characterized as follows.
First, thermal spalls are usually round and two to three millimeters in diameter.

Second, they are

found almost exclusively in rice pots. Third, they are located on the interior side walls, but are absent
on the interior base. The locations of the spalls sometimes coincide with the exterior oxidization
patches where the wall was heated most intensively during the simmering stage. Finally, sometimes
many thermal spalls form concentrations.
Skibo (1990,1992) suggests that thermal spalls are produced during the simmering stage when
water inside the pot passes through the interior wall to evaporate.

The water vapor passes through

the interior wall rather than the exterior wall because (1) the free water in the pot has been absorbed
into the rice or has evaporated, and (2) the water vaporizes away from the exterior heat source.

SAMPLING PROCEDURE
The collected pots for the use-alteration analysis, now curated in Arizona State Museum, are
composed of 63 ittoyom, 100 oppaya, nine semi-ittoybm/oppaya, and nine water jars (immosso). For
the present use-alteration analysis, 100 out of the 192 use-alteration pots are selected based on the
following considerations.
1.

Pots that are used in everyday cooking contexts (i.e., small and regular sized pots whose

volume is less than 8 chupas) are selected. Large cooking pots (volume over 8 chupas) and pots that
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were used in field houses are excluded.

Field pots are excluded because they were used for

unintended functions (i.e.,ittoyom are used for vegetable/meat cooking, and oppaya are used for rice
cooking) more frequently than household cooking pots, and because field cooking was recorded only
in 20 households, making it difficult to identify their usage.
2. Small/regular sized cooking pots that were used for "rice only" and "vegetable/meat only"
are selected. In the use-alteration questionnaire, usage of each pot was categorized into "rice cooking
only," "vegetable/meat cooking only," "both rice and vegetable/meat

cooking," "water storage,"

"roasting," "pig-slop vessel," "baby-food," "others,"and "unknown." One problem is that, although data
in the pot usage questionnaire seem generally accurate, unintended uses may not be recorded when
they occurred only infrequently.

When pot use in the questionnaire is cross-checked with cooking

survey data in which the use of individual pots was recorded at each meal in 60 households, it was
revealed that some pots recorded as "rice cooking only" in the questionnaire were in fact occasionally
used for vegetable/meat

cooking. Thus, when use-alteration

patterns

and pot usage (rice,

vegetable/meat, or both) are interpreted, the possibility of minor errors must be taken into account.
3. Pots without interior carbon deposits, referred to as "newpots", are excluded. These "new
pots" include '^long-long" pots, which were used once for boiling water and pig slop to set the interior
resin prior to actual use, as well as some controlled pots used only a few times. Although these "new
pots" are good control samples of the early use stage, they are excluded because the "new pots" show
very little differences in cooking techniques and, thus their inclusion will obscure differences between
rice and vegetable/meat cooking pots as a whole.
As a result, 35 ittoyom which were used only for everyday rice cooking and 65 oppaya which
were used only for everyday vegetable/meat cooking are selected.

For each use-alteration pot, six

drawings (two interior side views, two exterior side views, and two exterior and interior top views)
were made so that all vessel surfaces are illustrated. Measurements of use-alteration variables are
based on these drawings.
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MEASURING THE RELATIVE NUMBER OF USE EVENTS
As described in Chapter 4, the pot acquisition (production) date does not necessarily reflect
the relative number of use events, because all Kalinga cooks used several cooking pots in a rotation.
This is especially true for rice pots, many of which are being replaced by metal cooking pots (calderos)
and used infrequently (e.g.,once in two weeks). Therefore, in this chapter, the relative number of use
events is represented by the degree of resin removal rather than by the pot acquisition date.
All Kalinga cooking pots have a resin coating on the entire interior surface and the exterior
neck (down to the area of the incised neck decorations or gili) in order to prevent water leakage. The
exterior body is not covered with resin because it will burn when heated.

The resin coating, about

1 millimeter thick and translucent or transparent, is applied while the pot is still hot after firing.
During cooking and washing, the resin coating is gradually removed by scraping during stirring and
washing and by heat damage. Four resin removal stages (Figure 8.1a, 8.1b) have been defined based
on the processes of resin removal, as established by observing cooking in the field and by visual
inspection of the collected pots.
First, when the pot is heated at the base, air bubbles in the resin layer start to expand. This
expansion results in the formation of two resin layers: a thick white top layer and a thin transparent
base layer (Figure 8.1a). The thin base layer is transparent and adheres tightly to the interior wall
surface. In contrast, the white top layer does not adhere well to the wall and has a milky opaque
appearance.

A distinguishing feature of this resin is that, when it gets wet, its appearance changes

from white to transparent.
The second process important in resin removal is mechanical contact during cooking and
washing. The top resin layer is easily removed by scraping the surface during contact with cooking
utensils or during washing. After the pot has been used repeatedly, the top white resin layer shrinks
and breaks down into many smaller patches (Figure 8.1b). At this point, surface treatment polish
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lines below the resin layer are not yet visible.
Third and finally, abrasion and heat combine to reduce the thickness of the transparent basal
resin layer. This process continues until the basal layer becomes so thin that it cannot be identified.
The top layer may or may not be present. As this process continues, the basal resin loses its sheen
and the surface treatment polish lines below the resin layer become clearly visible. Eventually, the
original pot surface becomes exposed and the surface treatment polish lines fade as they become
abraded.
I believe that the process of resin removal proceeds from the base up to the neck, based on
observations made on the control pots. First, when the pots are relatively new, the top white resin
layer forms at the base, the area of most intense heat, while the original resin layer is still visible on
the upper and middle interior of the vessel. Second, when the white resin layer is reduced to small
scattered patches, they are usually found on the upper interior walls. On the base and lower interior
these white resin patches are removed and the thin base resin layer is exposed. Third, whenever the
white resin layer remains on the middle and/or lower interior, it is also present on the upper interior
(but not vice versa). Furthermore, whenever the white resin layer remains on the lower interior, it
is also present on the middle interior walls (but not vice versa). These facts suggest that the resin
layer survives best on the upper interior, followed by the middle interior, and then the lower interior.
The resin removal stages (Figure 8.1a, 8.1b) are defined based on (1) area of the white resin
layer (large patches covering a wide area, scattered small patches, or absent) and (2) location of the
white resin layer (covering the whole interior body, remaining on the upper/middle interior only, or
absent).

The first stage (stage 1) is defined by the presence of the white resin layer covering the

whole interior surface. In all but three vessels, the upper interior is covered by large patches of the
white resin layer. Sometimes the original resin layer, in which pores and the white resin layer have
not formed yet, remains on the surface. In the second stage (stage 2), the white resin layer remains
on the upper and middle interior body mostly as many small patches. The lower interior usually has
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the transparent basal layer. No original resin layer remains.

In the third stage (stage 3), the white

resin layer remains as many small patches either on the upper (n=19) or middle interior walls (n=5).
In the final stage (stage 4), there is no white resin layer.
There is a correlation between resin removal stages and pot acquisition dates.

Mean

production dates become older with greater removal as follows: stage 1 (X = 1986.48, n= 25), stage 2
(X = 1985.87, n= 23), and stage 3 (X = 1983.38, n= 24) and 4 (X = 1984.38, n= 38).

However, the

correlations are not perfect: (1) in both rice and vegetable/meat cooking pots, stage 3 has older mean
acquisition dates than stage 4, (2) the differences, measured by T-test, between stage 1 and stage 2 and
between stage 2 and stages 3 and 4 are not significant. These findings are contrary to expectation, and
may well be due to stockpiling of new pots and/or rotation in vessel use.

CARBON DEPOSITS ON THE MIDDLE INTERIOR SURFACE
Interior carbon deposits consist of a band or patches of carbon deposits on the middle interior
and a patch (or patches) of basal carbon deposits. Except for "whole interior blackened pots," carbon
deposits are lacking on the upper interior. Because the basal and the middle interior carbon patches
likely result from different processes, they are analyzed in separate sections. These carbon deposits
are examined in terms of intensity variables (including color, thickness, sharpness of boundary, and
chemical/physical properties) and location variables (including locations, size, shape, and number).

Color and Thickness of the Middle Interior Carbon Deposits

Classification of Carbon Types
The color of carbon deposits varies from light-brown to black, and is dichotomized into "darkbrown" and "black, "although there is a color gradation between them. Identification of color is based
on visual observation alone because the interior of a pot with a constricted neck hindered the use of

335

a Munsel color chart. The thickness of carbon deposits refers to the presence or absence of a distinct
carbon layer on the surface. Carbon deposits are classified by their thickness into (i) those absorbed
into the interior surface without any surface accumulation, (ii) those forming a thin layer on the
surface, and (iii) those forming a relatively thick layer (ranging from ca. 0.3 to 1.0 millimeters). Four
types of carbon deposits are defined by their color and thickness.
Type 1 carbon deposits are brown or dark-brown with no distinct layer observed on the
surface: carbon deposits are all absorbed into the wall. In pots used only a few times, type 1 carbon
deposits are sometimes lighter and indistinct from the background wall (e.g.,pot N os.21,69,72,135,
and 160). In addition, instead of type 1 carbon deposits, light-brown patches are present on the
middle interior surface of some "new"pots (e.g.,N os.l57 and 166). This fact suggests that these lightbrown patches develop into type 1 carbon deposits when the organic material on the wall is heated
more intensely.
Type 2 carbon deposits are black color with no distinct carbon layer. Because they differ from
type 1 carbon deposits only in being darker, it is sometimes difficult to distinguish types 1 and 2.
Type 3 carbon deposits are black with a thin (less than ca 0.2 mm) carbon layer. Portions
of the thin carbon layer are absorbed into, the vessel wall and are not removable by washing or
scraping. In addition, it is difficult to distinguish type 3 carbon deposits resulting from carbonized
food residues from those resulting from resin layers that has absorbed carbon deposits.
Type 4 carbon deposits are black with a relatively thick (more than 0.3 mm) carbon layer.
They are carbonized food residues sticking to the interior surface, and are removable by washing or
scraping. Type 3 ,2 or 1 carbon patches, which are absorbed into the surface, usually form below the
type 4 carbon deposits.

Type 4 carbon deposits vary in diameter from 0.5 millimeters to 15

centimeters (or the average of longer axis and shorter axis). Here, type 4 carbon deposits smaller than
or equal to 2 cm are tentatively referred to as "small" and those larger than 2 cm as "large."
One problem in identifying carbon type is that in relatively new pots, carbon deposits form
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on the resin layer without being absorbed into the ceramic surface. When the resin layer is womout,
carbon deposits are also removed. Thus, it is necessary to distinguish carbon deposits which form on
the ceramic surface from those that form on the resin surface.

Classification of Carbon Patches
In many cases, more than one carbon type is observed in a pot (Figure 8.2). Carbon patches
or a band of carbon deposits usually consist of carbon deposits varying in color and thickness. For
example, most type 4 carbon deposits occur as small patches on type 3, 2 and/or 1 carbon deposits,
which form larger patches below the type 4 carbon. There is only one case in which type 4 carbon
forms a relatively large middle interior patch without being accompanied by type 3, 2, or 1 carbon
(Pot N o.87). Likewise, type 2 and 3 carbon deposits usually have type 1 carbon deposits at their
peripheries.

Thus, carbon patches or bands are categorized based on a combination of the carbon

types. Because the combination of carbon types differs markedly between the middle interior and
interior base, criteria for the carbon patch class for a pot also differ.
Based on drawings of each pot, the area of each carbon type on the middle/upper interior was
roughly measured and the relative frequency within the area of each carbon type was calculated at 5 %
intervals. Based on an assumption that intensity of carbon deposition, which reflects the intensity of
heating, increases from type 1 to type 4 carbon deposits, four carbon classes (I, II, III, and IV) are
defined based on the relative areas of each carbon type (Table 8.1). Because type 4 carbon deposits
occur on the middle interior in only 15 out of 132 pots, and because their relative areas are mostly
less than 15%, type 4 carbon deposits are combined with type 3 carbon in the calculation of the
relative area. Four carbon patch classes are defined: classes I, II, III, and IV.
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(type 3 + type 4)

Class I

0%

Class II

<5%

type 1 and type 2

type 1 = 100%, type 2=0%

type 1 > type 2
(i.e.,type 1 >50% )

Class III

<5%

type 1 < = type 2
(i.e.,type 2 >50% )

Class IV

> = 5%

Table 8.1 Definition of Carbon Patch Classes

Class I carbon patches consist exclusively of type 1 carbon. Class II and III are dominated
by type 1 or 2 carbon (the area of "type 3 and type 4 carbon deposits" is less than 5%), and differ from
one another in their frequency: Class II is dominated by type 1 (over 50%), whereas Class III by type
2 (over 50%). It can be assumed that the intensity of carbon patches increase in the order of class
I, II, III, and IV.

Variation in Carbon Patch Classes with the Resin Removal Stages
There is a strong correlation observed between resin removal stages and carbon patch classes
(Figure 8.3). In both rice (ittoyom) and vegetable/meat cooking pots (oppaya), the carbon patch class
changes from class I to class II to class III to class IV (i.e., interior carbon deposits become darker
and thicker) as the pot become older. The correlation between carbon classes and resin stages is
higher in rice pots (Cramer’s V =0.475, n= 35) than in vegetable/meat pots (V =0.316, n= 65),
suggesting that middle interior carbon deposits form faster in rice pots than in vegetable/meat pots.

Figure 8.2 and 8.3
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Differences in Carbon Patch Classes between Rice and Vegetable/Meat Pots
The rice pots have a higher degree of carbon deposition (i.e.,higher frequencies of Class III
and IV and lower frequencies of Class I and II) than the vegetable/meat pots in all resin removal
stages (Figure 8.3). The difference is distinctive: there is only one Class I rice pot (new pot), whereas
the vegetable/meat pots are dominated by Class I in all of the four resin stages. The frequency of Class
4 carbon decreases from resin removal stage 1 through stage 2 to stages 3 and 4. The frequency of
Class IV carbon deposits is also much higher in the rice pots than in the vegetable/meat pots in resin
stages 3 and 4.
Next, variation in the degree of difference between rice and vegetable/meat cooking pots with
resin stage are examined.

Correlations

between carbon patch classes and pot use (rice or

vegetable/meat) become higher from stage 1 (Cramer’s V =0.267) through stage 2 (V =0.646) to stage
3 (V =0.756), and then decline at stage 4 (V = 0.605). (Figure 8.3). Thus, the differences between rice
and vegetable/meat cooking pots become more distinct as the pot becomes older until resin stage 3,
then become less distinct at resin stage 4.

Thick Carbon Deposits (the frequency of type 4 carbon deposits)
The size and frequency of a thick layer of carbonized organic residue (type 4 carbon deposits)
on the middle interior surface vary with pot usage (rice or vegetable/meat), location (the middle
interior or base), and resin stages.
Rice cooking pots have a higher frequency of type 4 carbon deposits (11/35=31.4% ) than
vegetable/meat pots (2/65=3.1% ) in all four resin stages. Some carbon deposits in rice cooking pots
retain the shape of rice grains.
On the other hand, their frequency on the base does not differ markedly between rice (5/35 = 14.3%)
and vegetable/meat cooking pots (6/65=9.2% ). Thus, in rice cooking pots, the thick carbon layer
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(type 4 carbon deposits) occurs more frequently on the middle interior than on the base in all four
resin stages, whereas that in vegetable/meat cooking pots forms mostly on the interior base.
The thick carbon layer (type 4 carbon deposits) on the middle interior surface occurs mainly
as small patches (diameter less than two centimeters), whereas that on the base is dominated by large
(over two centimeters) patches (11/18= 61.1%).
The above observations suggest that the formation process of type 4 carbon deposits differs
between rice and vegetable/meat cooking pots in the following ways. In the rice cooking pots, the
thick carbon layer (type 4 carbon deposits) on the middle interior is characterized by a higher
frequency of occurrence, small size of patches, and the retention of carbonized rice grains. These facts
suggest that the thick carbon layer in the rice cooking pots results from carbonization of rice during
the simmering stage. Because many apin leaves are laid on the whole interior surface when rice is
cooked in a ceramic pot, rice grains themselves are not likely to stick to the interior wall frequently.
Instead, it is likely that sticky fluid materials removed from the rice grains’ surface and sandwiched
between the interior wall and the leaves are carbonized during the simmering stage. In contrast, in
the vegetable/meat cooking pots, the thick carbon layer is dominated by large patches (5/8=62.5% )
and often accompanied by half-carbonized food residues, suggesting that it results from carbonization
of rice cakes (chaycot).

Dull Carbon Patches
Rice cooking pots sometimes have round patches of dull carbon deposits on the middle
interior carbon band. Based on the following facts, they are considered to form when the top resin
layer is blackened by intense heat.

First, dull carbon patches exist only in the rice and the semi-

ittoyom/oppaya pots with a relatively high frequency (16/35=45.7% of all rice pots). Their location
is restricted to the middle interior surface. Second, dull carbon patches usually form on type 2 or 3
carbon patches, and are frequently accompanied by thick carbon layers (type 4 carbon deposits;
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10/17=58.8% ). They are present mainly on vessels with class 4 carbon patches (12/16=75% ), followed
by class 3 and 2 vessels. In addition, class 2 vessels having the dull carbon patches are relatively new
(i.e., in resin removal stages 1 or 2). These facts suggest that the dull carbon patches are produced
by intense heating during rice cooking.

Third, dull carbon patches are usually accompanied by

oxidation spots at corresponding exterior locations (11/16=68.8% ).This also suggests that dull carbon
patches form where the wall is heated intensely.

Finally, the frequency of dull carbon patches

increases from resin stage 1 (33.3%) to stage 2 (75%), and then decreases at stages 3 (33.3%) and 4
(30.8%) (Figure 8.4). The number of dull carbon patches shows the same trend: it increases from
stage 1 (3 patches, n = l ) to stage 2 (mean of 4.6, n = 5 ), and then decrease at stages 3 (mean of 2.5,
n = 4 ) and 4 (mean of 2 .2 ,n = 6 ). These patches suggest that the dull carbon patches do not form after
the resin layers are burned out or wornout. Apparently, dull carbon patches are produced by intense
heat from the sides rather than from the base during the simmering stage of rice cooking.

Half-Carbonized Organic Residues
Patches of half-carbonized organic residues, possibly of rice or chaycot, are found on the base
and/or middle/lower interior in 53 of the 100 cooking pots.

Most of them are located on carbon

deposits (39/46=84.8% ). In two cases, part of a thick carbon layer (type 4 carbon) is half-carbonized
and brown.

These two facts suggest that these brown/white half-carbonized residues may turn to

/

ordinary carbon deposits after more intensive heat. The half-carbonized organic residues occur in a
slightly higher frequency in rice cooking pots (57.1%) than in vegetable/meat pots (43.1%), although
the difference is not statistically significant (X =1.58, p = .208). In both rice and vegetable/meat
cooking pots, their frequency increases with the resin stages (Figure 8.5). Differences in their color,
thickness, location, shape and association with carbon deposits between the rice and vegetable/meat
cooking pots are examined. In addition, the location, shape, size, and thickness of the half-carbonized
residue patches do not show consistent changes with the resin removal stages.

Figure 8.4 and 8.5
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Variation in Shape
Half-carbonized residues occur either as large continuous patches or many small patches. On
the base, the half-carbonized organic residues occur either as a round continuous patch (sometimes
having a doughnut shape) or a group of many small patches, whereas on the middle/lower interior
they occur either as a continuous band, a group of large or medium sized patches, or a group of many
small patches.

The group of small patches on the middle/lower interior usually forms on slightly

depressed areas. In some pots, the whole lower interior surface (including the base) is covered with
the white residue (e.g.,N o.45).

. .

Variation in Color
The half-carbonized residues are either white (including reddish-white) or brown. The brown
and white half-carbonized residues sometimes co-occur in a pot (n=10), either in the same carbon
patch on the base, in separate patches in the same location (i.e.,on the base), or in separate locations
(the base and mid/lower interior) in the same pot. Thus, the color of the half-carbonized residues
found in a pot is classified into three categories: "brown" (n=7), "white (including "reddish-white":
n = 3 0 ), and "a combination of white and brown" (n= 9). It is believed that the difference in color is
due to the degree of carbonization rather than to different sources.
First, when the white and the brown half-carbonized residues co-exist in a patch on the
interior base (e.g.,N os. 92,53, 38), its central part (i.e., the area which receives more intensive heat
than the peripheries) is brown, whereas its peripheral parts are white or whitish-brown.

In some

cases, there is a color gradation between the central (brown) and the peripheral (white) area in a
single patch, suggesting that the difference between them represents

differences in degree of

carbonization.
Second, brown patches tend to be thicker than white ones. When the half-carbonized patches
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are classified into "thin" (less than 1 millimeter in thickness; n= 41)

and "thick" (thicker than 1

millimeter; n = 8 ), the "brown" (2/9=22.2% ) and "brown and white" (3/10= 30%) patches show a
higher frequency of the "thick" category than the "white" ones (3/32=9.4% ).
Third, the "white" residues decrease in frequency as the pot proceeds through resin removal
stages, while the "brown" and "brown and white" ones increase (Figure 8.5). Thus, it is likely that the
white patches turn into brown ones as the pot accumulates uses.
In addition, it is believed that the reddish-white residues (n=15) represent the "onoy" variety
of rice, whereas the white ones (n=27) are the "oyak" variety of rice. Because the use-alteration pots
were collected during the harvest season of "onoy" rice (i.e.,in May), both varieties of rice are likely
to have been cooked.

Differences between Rice and Vegetable/Meat Cooking Pots
1. The color of the half-carbonized residues.

The vegetable/meat pots are dominated by

"white" patches, while the rice cooking pots are dominated by "brown and white" and "white" patches
in equal frequencies. Thus, the half-carbonized organic materials in the rice cooking pots are more
intensely heated than those in the vegetable/meat pots.
2. The location.
interior.

Half-carbonized residues are mostly found on the base and/or the middle

Sometimes, they form a large patch extending continuously from the base to the middle

interior. Only a few pots have half-carbonized residues on the upper interior (n = 4 ) or on the neck
(n = l). Based on these facts, their locations are classified into three categories: the base only (n=32),
the interior body only (mostly the middle/lower interior; n= 12), and a combination of the base and
interior body (n= 9).

The rice pots show a higher frequency of the "base only" category (14/20=

70.0%) and a lower frequency of the "body only" category (5.0%) than the vegetable/meat pots (50.0%
and 35.7% respectively).
3. Shape. The half-carbonized residues in rice cooking pots occur more frequently as groups
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of small and spotty patches (the spotty type comprises 45%) than those in the vegetable/meat pots
(32.1%). Mean diameter of the largest patch on the base is also greater in the rice cooking pots
(X = 5.5 cm, n = 1 9 ) than in the vegetable/meat cooking pots (X = 7 .2 cm , n= 18).
4.

Association with carbon deposits. The frequency of half-carbonized patches that form on

carbon deposits is higher in rice cooking pots (18/20=90% ) than in vegetable/meat cooking pots
(19/27 =70.4% ). This fact is related to the higher frequency of basal patches in the rice pots; in both
rice and vegetable/meat pots, the half-carbonized patches on the base form more often on the carbon
deposits than those on the middle/lower interiors.
In summary, compared with half-carbonized organic residues in the vegetable/meat cooking
pots, those in the rice cooking pots more frequently 1) are located on the base, 2) consist of small,
spotty patches, 3) are white in color, and 4) are formed on the carbon deposits. On the other hand,
those in the vegetable/meat cooking pots more frequently 1) are located on "the base and body,"2)
consist of continuous, larger patches, 3) are "brown" or "brown and white, "and 4) are not located on
carbon deposits.

The Formation Processes
Because the half-carbonized organic residues usually form on carbon patches, they are likely
to have been produced by the same process as the basal carbon deposits.

As noted, the half-

carbonized organic residues in the rice cooking pots are evidently produced during ordinary rice
cooking. On the other hand, the half-carbonized organic residues in the vegetable/meat cooking pots
are considered to have resulted from rice cake (chaycot) cooking because of the following reasons.
First, the half-carbonized organic residues in the vegetable/meat cooking pots, especially those on the
base, do not likely result from vegetable/meat cooking because organic materials are not carbonized
when there is abundant moisture on the vessel’s surface. Second, Kalinga vegetables, including beans,
peas, squash, and potatoes, are unlikely to turn into brown or white residues when they are half-
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carbonized. Third, as noted, the half-carbonized residues in the vegetable/meat pots more frequently
occur as larger patches that extend from the base to the middle or lower interior. This characteristic
coincides with rice cakes (chaycot) in that rice cakes are heated intensively with a small amount of
water in the pots.

Location of Interior Carbon Deposits
The location of interior carbon patches will be analyzed at two levels: the macro level,
describing whether the location of carbon patches falls on the upper, middle, and/or lower interior
body, and the micro level, which refers to the height of the upper and lower boundary lines of the
carbon patches measured from the base.
Carbon deposits on the interior base are always accompanied by middle interior carbon
deposits
(but not vice versa). When both basal and middle interior carbon deposits are present, they may or
may not be continuous. Based on these two facts, the location of carbon deposits are categorized into
three "Location types" (Figure 8.6) as an index of the area of carbon coverage at a vertical level.
Location type 1 consists of a band of carbon on the middle interior; no carbon deposits are found on
the base. Location type 2 has carbon deposition on the base and the middle interior. The middle
interior and basal carbon deposits are not continuous, although in some pots many small patches of
carbon are scattered between them. Finally, Location type 3 has a continuous patch (or patches) of
carbon from the middle interior to the base. The entire lower interior surface is usually covered with
carbon deposits, although some Location type 3 pots have patches of non-carbon area between the
middle interior and the base. In addition, "newpots," which have no carbon deposits on the interior
but may have light brown patches of half-carbonized resin or food residues, are excluded from the
present analysis.
The extent of the carbon at the vertical level increases from Location type 1 through type 2
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Figure 8.6 and 8.7
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to type 3. In both rice and vegetable/meat pots, resin removal stage 1 is dominated by Location type
1, whereas stages 3 and 4 are dominated by Location type 2. In vegetable/meat pots, the Location
type changes with the resin stages: from type 1 (dominating in stage 1), through type 2 (dominating
in stages 2 and 4), to type 3 (whose frequency increase from stage 2 to stage 4). Thus, the area of
carbon deposits tends to increase with the number of use events. Rice pots also show a similar trend,
except that the frequency of Location type 3 reaches its peak at stage 2.

The decrease in the

frequency of Location type 3 from stage 2 to stages 3 and 4 may result from a small sample size of
stage 2 (n= 7).
The most distinctive difference between rice and vegetable/meat cooking pots is the frequency
of Location type 3: rice cooking pots have a higher frequency of Location type 3 in resin removal
stages 2, 3 and 4.

This suggests that the area of carbon deposits is larger in rice pots than in

vegetable/meat pots except in the stage 1.
The degree of difference in the Location type frequency between the rice and the
vegetable/meat cooking pots is compared with the resin stages by using Cramer’s V values. The rice
and vegetable/meat cooking pots show very similar patterns in stage 1 (correlation between the
Location type and the pot usage is as low as 0.46, n= 23). The difference becomes most distinct in
stage 2 (V = 0 .6 1 3 ,n = 2 2 ), then decreases from stage 2 through stage 3 (V =0.386, n= 22) to stage 4
(V = 0 .0 6 7 ,n = 3 3 ).
Black interior walls: There are 16 pots in which the entire interior surface (referred to as
"whole interior blackened," n = 8 ) or its upper half (as "upper interior blackened," n = 8 ) is brown or
black. The blackened surface, similar to type 2 carbon deposits, is clearly produced during cooking
(i.e., are not firing clouds) because its frequency and location co-vary with vessel type (rice or
vegetable/meat) and resin stages in the following ways (Figure 8.7).
First, interior blackening is more common in vegetable/meat pots (14/65=21.5 %) than in rice
cooking pots (5.7%). This fact suggests that they are produced during vegetable or rice cake (chaycot)
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cooking. Second, their frequency increases with resin removal stages; in the order of stage 1 (0%),
stage 2 (6.7%), stage 3 (30%), and stage 4 (50%). In rice cooking pots, the interior-blackened pots
exist only in stages 3 and 4. Third, in vegetable/meat pots, the blackened interior surface is correlated
with the presence of half-carbonized food residues (X =3.90, p = .049) and interior nicks (X =4.75,
p= .0 2 9 ). Because the half-carbonized food residues in the vegetable/meat pots are likely due to rice
cake (chaycot) cooking, the blackened interior walls are also likely to have formed during rice cake
cooking. Fourth, the blackened interior surface is also correlated with the presence of soot chipping
on the middle/lower exterior surface (V =9.18, n= .0025), soot deposition on the exterior neck
(X = 5 .2 6 ,n = .0 2 2 ),an d an intense (i.e.,light-colored) oxidation spot on the base, suggesting that they
are formed when the exterior surface is heated intensely with a high flame.

Fifth and finally, the

whole interior blackened pots are dominated by carbon patch class 3, whereas the upper interior
blackened pots have carbon patch classes 1,2 and 3 in nearly equal proportions. Thus, it is likely that
the former is heated more intensely than the latter.
Based on the above facts, it can be hypothesized -that the blackened interior surface is
produced by intensive heating, probably during rice cake cooking. As noted in Chapter 5, rice cake
(chaycot) cooking likely produces intensive carbon deposition because the amount of moisture is low
below the water level, and because frequent stirring makes organic materials stick to the upper/middle
interior surface (above the water level), where they are easily carbonized due to the absence of
moisture.

/

Location of Carbon Deposits’ Boundaries
The second way to categorize the location of interior carbon deposits is by documenting the
height of the upper and lower boundaries of individual patches. Before presenting measurements two
points must be considered.

First, because the lower boundaries are often undulating, the location

(height from the base) of the lower boundary is represented by an average of the highest point (from
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the interior base) and the lowest point of the lower boundaries of the carbon patches.

Second, in

order to control for the effect of vessel volume, the following formula was applied:
LB = (HL + LL) / 2NH
where LB is the relative location of the lower boundary, HL is the highest point of the lower
boundary, LL is the lowest point of the lower boundary, and NH is the neck height (length from the
base to the neck). Location type 3 pots (carbon deposits extend from the base to the middle interior,
and thus lack the lower boundary), are excluded from the calculation of the lower boundaries.

Variation with the Resin Stages
In both vegetable and rice cooking pots the locations of the upper and lower boundaries show
no consistent changes with the resin stages (Figure 8.8,8.9). However, standard errors for the upper
boundaries of rice and vegetable/meat pots and those of the lower boundaries of rice cooking pots
(with the exception of resin stage 2) tend to decrease from resin stages 1 and 2 through stage 3 to
stage 4.

Thus, except for the lower boundaries of vegetable/meat cooking pots, the height of

boundaries becomes standardized as uses accumulate on a pot.

Differences between Rice and Vegetable/Meat Cooking Pots
Both the upper and lower boundaries of vegetable/meat pots are higher than those of rice
pots in all four resin removal stages (with the exception of the lower boundary in stage 2 of rice pots).
This difference measured by T-test, is more evident in the lower boundary (t= -7.46, p = .000,n=84)
than in the upper one (T = -1 .3 9 ,P = .1 6 7 ,N = 9 8 ). The difference in the height of the lower boundary
lines is more evident in resin stage 2 (t=-7.97, p =.000), stage 3 (t= -0.4.49,p = .000) and stage 4 (t= 4.25,p = .000) than in stage 1 (t= -1 .7 2 ,p = .101), suggesting that the differences become more distinct
as the pot accumulates uses.
These differences are clearly explained by the fact that the middle interior carbon patches

Figure 8.8, 8.9, and 8.10
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form only above the water level in vegetable/meat cooking, while they form mostly under the water
level in rice cooking.

Width of Middle Interior Carbon Patches
All the pots analyzed have patches or a band of carbon deposits on the middle/upper interior.
The width of middle interior carbon patches is calculated by the width of the widest part of the
patches divided by neck height. In pots of Location type 3, in which carbon deposits extend from the
base to the middle or lower interior continuously, the width of the carbon patch is equal to the height
of its upper boundary.
Rice cooking pots have wider interior patches (mean X = 5 1 .7 ,n = 3 5 ) than vegetable/meat pots
(X =33.8 , n= 6 3 ) in all four resin stages (Figure 8.10). The difference, measured by a T-test, is
significant at the 5% probability level in stage 1 (t= 2 .0 6 ,p = .052), stage 2 (t= 4 .0 9 ,p = .001),and stage
4 (t= 2.46, p = .020), as well as for the total (t= 5.96, p = .000,n= 98). This fact is explained by such
factors as the distance from the heat source and the presence of water. In vegetable/meat cooking,
the presence of abundant water prevents carbon patches from forming below the water level. On the
other hand, in rice cooking, middle interior carbon patches can develop both upward and downward
because both the lower and upper interior walls receive intensive heat from the side when the water
is nearly gone.
The middle interior carbon patches become wider as the pot proceeds through the resin
removal stages (Figure 8.10); rice cooking pots in resin stage 2 are the only exception to the trend:
they have the widest patches due to the higher frequency of Location type 3. Standard errors tend
to decrease with resin stage in rice cooking pots, while in vegetable pots they increase from stages 1
through 4. However, when pots with Location type 3 are excluded, a similar trend is observed for
both two vessel types. The increase in the width of the middle interior carbon patches likely results
from the accumulation and overlapping of carbon deposits as the pots accumulate uses.
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The Area of Carbon Coverage
The size of carbon patches, or "carbon patch area," is calculated by dividing the total lateral
length of carbon patches by the circumference of the interior walls within which the carbon patches,
either continuous or isolated, are located.

When middle interior carbon patches form a unbroken

band, the carbon area is recorded as 100%. The area of carbon patches is estimated based on visual
observation of the pots and their drawings (two side views and one top view), and is recorded as a
ratio (percentage) at 5 % intervals.
For both rice and vegetable/meat pots, the carbon patch area increases from stages 1 through
4 (Figure 8.11). However, the rate of increase differs between the two pot types after stage 2: rice
cooking pots do not show a significant difference between resin stages 2 (X = 91.4), 3 (X =87.6) and
4 (X =90.4), suggesting that the development of the patch is stabilized at stage 2 (Figure 8.11). On
the other hand, the carbonized area in vegetable/meat pots continues to increase from stage 1
(X =42.3), through stage 2 (X =70.7) to stage 3 (X =97.0) and 4 (X =94.5). Thus, the expansion of
carbon patches proceeds faster in rice cooking pots than in vegetable/meat pots.
The carbon patch area is larger in rice pots than vegetable/meat pots at all four resin stages.
The differences measured by T-test is significant when all rice and vegetable/meat cooking pots are
compared (t= 2.19, p = .0 3 1 , n = 9 9 , mean of 85.2 for rice pots and 73.3 for vegetable/meat pots).
However, differences at each resin stage are not statistically significant.

Number of Identifiable Carbon Patches
The number of carbon patches is easily counted when they are isolated from one another.
When carbon deposits form a complete band, individual carbon patches within the band can be
identified by observing undulations in their boundaries or by examining changes in color. When no
patches can be identified by either undulations or the color difference, the patch count was taken to
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be "1." The numbers range from 1 to 16 with two peaks at 1 and 4. Figure 8.12 shows the cumulative
frequency of patch number. The number of carbon patches for a pot type increases as the cumulative
line moves from left to right.

Variation With Resin Removal Stages
For vegetable/meat cooking pots the number of identifiable patches tends to decrease as the
pots proceed through the resin stages. The decrease from stage 2 (X =3.47) to stage 3 (X =1.78) is
distinctive, and results mainly from a significant increase in the frequency of " l" (a complete ring).
Rice cooking pots also show an decrease in patch number from stage 2 (X =8.33) to stage 3 (X=6.17)
and 4 (X =5.27). In addition, stage 1 of rice cooking pots (X =5.33) cannot be illustrated in Figure
8.12 due to its small sample size (n=3).
In both rice and vegetable/meat pots stage 1 is dominated by "4." This is probably because
rice cooking pots are rotated by about 120 degrees during the simmering stage to equalize the heat,
and because flames are divided by three pot stands (chalpon) during heating on the fire.
These facts suggest that in earlier stages of use, individual carbon patches are isolated from
one another and are identifiable within the band.

As the pot is used more and more, individual

carbon patches increase in the number, overlap each other, merge into a single band, and finally
become unidentifiable. As a result, the number of individual patches increases until they form a band,
then suddenly decrease to "1.”

Differences between Rice and Vegetable/Meat Cooking Pots
Rice cooking pots have a greater number of identifiable patches than vegetable/meat pots at
all resin stages. The number of identifiable patches in rice pots ranges from 1 to 16 with an average
of 6.19, while that in vegetable/meat pots ranges from 1 to 8 with an average of 2.75. The difference
is significant by T-test at stages 2 (t= 2 .2 7 ,p = .065), 3 (t= 3.85, p = .001) and 4 (2.96, p = .013).
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This pattern can be explained by differences in the shape and color (intensity) of carbon
patches produced in a single cooking event. Carbon patches in vegetable/meat pots are ovoid than
those in rice cooking pots. Three facts are suggested as explanations. First, because vegetable/meat
pots always contain abundant water up to their middle body, location of the lower boundaries of
carbon patches are determined by the water line. Second, because vegetable/meat pots are heated
from the base, every side walls receive nearly equal amounts of heat during cooking, making carbon
patches squatter (rather than round) in shape. Finally, because interior walls near the upper carbon
boundaries are distant from the heat source, they do not receive as much heat as areas near the lower
boundaries.

Thus, the middle interior carbon patches do not extend upward.

In contrast, the middle interior carbon patches of rice cooing pots are round in shape, because
their interior walls lack abundant moisture, and because the middle interior walls are heated from the
side. As a result, individual patches of the rice cooking pots are more identifiable than the flatter
carbon patches of vegetable/meat cooking pots due to more distinctive undulations in their boundary
lines. Furthermore, because middle interior carbon patches in rice cooking pots are more intensive
(i.e.,having higher frequency of type 3 and 4 carbon deposits) than those in vegetable/meat cooking
pots, individual patches are more identifiable even after they form a complete band.

Distinctness of the Carbon Patch Boundary
Distinctness of the boundaries of the middle interior carbon band or patches can be classified
into three categories (distinct, intermediate, and ambiguous) by visual observation of color differences.
Distinctness of the carbon boundaries is determined by the degree of color gradation and color
difference between the carbon patches and background walls. Boundary lines are "distinctive" either
when the background walls are light-brown, when carbon patches are black even in their peripheries,
or when the boundary is clearly visible, even though the color difference between carbon patches and
background walls is not very distinctive. On the other hand, boundaries are "ambiguous" when the
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change in color from carbon patches to background walls is very gradual.
boundaries cannot be drawn.

As a result, clear

Finally, boundaries are described as "intermediate" when there is a

discernible boundary, but the color gradations in the boundary area are very gradual. It should be
noted that these categories are arbitrary and that the transition to the next category is gradual. This
is partially because distinctness of the boundaries is affected by the presence of firing clouds, which
make carbon patches unidentifiable. Thus, vessels whose middle interior walls are covered with
intensive firing clouds (n= 2) are excluded from the analysis. In addition, an examination of six "new"
pots, which were used a few times at most, and whose original surface color is identifiable, suggests
that their original interior walls are mostly (five out of the six pots) light brown. No pots have an
original interior color of dark brown.
In this section, variations with resin stages and pot uses are examined first. Then, the upper
and the lower boundaries are compared with each other. The lower boundary is recorded as "absent"
when carbon deposits are continuous from the middle interior to the base.

Variation with Resin Stages
In rice cooking pots, the distinctness of the upper boundary change from "intermediate," which
dominates in stage 1, to "distinct," which dominates in stages 2, 3, and 4 (Figure 8.13).

The

"ambiguous" category is present only in stage 4. On the other hand, the lower boundary lines of the
rice pots shows no consistent trend (Figure 8.14). Both the upper and lower boundaries of rice
cooking pots become more distinct from stage 1 to stage 2, and then less distinct at stages 3 and 4.
In vegetable/meat pots, distinctness of the upper and the lower boundaries changes from
"intermediate" to "ambiguous" as the pots proceed through the resin stages (Figure 8.13,14). Thus,
the carbon boundaries in both rice and vegetable/meat cooking pots become more ambiguous as the
pots accumulate uses. The only exception from this trend is that the upper boundary of rice cooking
pots becomes more distinct from stages 1 to 2. This is because the color of the background wall,
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above and below the middle interior carbon patches, becomes darker as a pot is used more, and
because carbon patches become darker and thicker and their boundaries become indistinct.

Differences between Rice and Vegetable/Meat Cooking Pots
At all four resin stages, the upper and lower boundaries in rice cooking pots are more distinct
(i.e., have a higher frequency of "distinct" and a lower frequency of "ambiguous") than those in
vegetable/meat cooking pots. The correlation between boundary distinctness and pot usage (rice or
vegetable/meat) measured by Cramer’s V values) becomes greater from stage 1 (0.356 for the upper
boundaries and 0.238 for the lower boundaries) to stage 2 (0.789 and 0.620, respectively), stage 3
(0.820 and 0.456 respectively) and stage 4 (0.763 and 0.582

respectively). Thedifferences in stages 2,

3 and 4 are very clear in the upper boundaries: rice pots are dominated by the "distinct" category,
while it is absent in vegetable/meat pots.
The fact the carbon boundaries are more distinct in rice cooking pots than in vegetable/meat
cooking pots at all resin stages can be explained by the distance from the heat source.

In the

simmering stage of rice cooking, intensive carbon deposits with sharp boundaries are produced on the
middle interior because of the near lack of water and the intensive heat from the side. On the other
hand, in vegetable/meat cooking, boundaries of carbon patches are not as clear as in rice cooking pots
because carbon deposits can form only above the water level, where the walls do not receive as much
heat as the base and lower interior.
The pace at which carbon boundaries become less distinct also differs between rice and
vegetable/meat cooking pots. In the lower boundaries, rice pots change faster than vegetable/meat
pots. The correlation between distinctness of lower boundaries and resin stages is higher in rice pots
(Cramer’s V =0.436) than in vegetable/meat pots (V =0.327). This fact can be explained by changes
in the background color. In rice cooking pots, the interior background color becomes darker at a
higher pace than that in the vegetable/meat pots because the presence of water delays the color
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changes on the middle/lower interior walls of vegetable/meat pots.

Differences between the Upper and Lower Boundaries of Carbon Patches
In rice cooking pots, the upper boundary is more distinct (i.e.,having higher frequencies of
"distinct" and lower frequencies of "ambiguous") than the lower boundary at all four resin stages. In
contrast, in vegetable/meat cooking pots, the upper boundaries are less distinct than the lower ones
in all four resin stages. For both rice and vegetable/meat cooking pots, the above differences becomes
more pronounced as the pot proceeds through the resin stages. However, the pace of the change
differs between upper and lower boundaries: as a pot is used more, its carbon boundaries become
ambiguous at a higher rate in the upper boundary than in the lower boundary. This fact is explained
by the same factors mentioned above. For vegetable/meat pots, the correlation between resin stages
and boundary distinctness is higher in the upper boundaries (Cramer’s V =0.410) than in the lower
boundaries (V =0.327).
The difference in distinctness between rice and vegetable/meat cooking pots is more evident
in the upper than in the lower boundary. The correlation between boundary distinctness and pot uses
(rice or vegetable/meat) is higher in the upper boundaries than in the lower boundaries at all four
resin stages (Figure 8.13,14). This fact can be explained by distance from the heat source. In rice
cooking pots, both upper and lower boundary areas receive an almost equal amount of heat from the
sides, whereas in vegetable/meat pots the upper boundary areas receives much less heat than the lower
boundary areas. Thus, the distinctness of the lower boundaries does not differ between rice pots and
vegetable/meat pots as significantly as the upper boundaries.
In sum, the above facts suggest that the distinctness of carbon boundaries is affected by such
factors as distance from the heat source and the presence/absence of water in the vessel.

Undulation of Carbon Boundaries
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The degree of undulation in the upper and lower boundaries of the middle interior carbon
band is calculated by the following formula:
(HP - LP)
where HP is the highest point of the upper boundary, and LP is the lowest point of the upper
boundary.

When the middle interior carbon patches have not formed a complete band, HP is the

highest point of the uppermost carbon patch and LP is that of the lowermost patch. Undulations of
the lower boundary cannot be calculated in pots with Location type 3.

Variation with Resin Stages
For both rice and vegetable/meat cooking pots the degree of undulation in the upper and
lower boundaries tends to decrease (i.e.,lines become flatter) as the pots proceed through the resin
stages (Figure 8.15,8.16). The only exception to this trend is rice cooking pots at stage 2. This
suggests that as a pot is used more, the carbon patches on the middle interior become denser, overlap
with each other, and form a complete carbon band with less undulation. Standard errors also decrease
with the resin stages, indicating increasing standardization in the location and shape of carbon patches.

Differences between Rice and Vegetable/Meat Cooking Pots
Both the upper and lower boundaries tend to have more distinctive undulations in rice
cooking pots than in vegetable/meat cooking pots, except for stage 1. At stage 1, however, the upper
boundaries of vegetable/meat pots have more distinctive undulations than those of rice pots, and their
lower boundaries also have undulations comparable to those of rice cooking pots.

Thus, the

differences between rice and vegetable/meat cooking pots become evident from stage 1 to stages 2,
3 and 4: the difference in upper boundaries becomes more distinct from stage 1 (t=-0.27, p =.790) to
stages 2 (t= 3 .2 2 ,p = .0 0 4 ),3 (t= 2 .2 3 ,p = .034), and 4 (t= 4 .0 2 ,p = . 001), and the lower boundaries also
become more evident from stage 1 (t= 0 .2 3 ,p = .823) through stage 2 (t= -0.78, p = .445) to stages 3
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(t= 2.78, p = .016) and 4 (t= 2.11, p = .047).
Vegetable/meat cooking pots at stage 1 exhibit more pronounced undulations in both upper
and lower boundaries than rice cooking pots because their carbon patches sometimes form at more
than one vertical level. As the pots are used more, these carbon patches at various levels (height)
become continuous and the undulations become less distinct.

Differences between the Upper and Lower Boundaries
There are few pronounced differences in the degree of undulation between the upper and
lower boundaries.

The difference between rice and vegetable/meat cooking pots is more evident in

the upper boundaries (t= 2.46, p = .016) than the lower (t= 0.61, p = .544), and at stages 2 and 4.

Color Difference Between the Upper and Lower Interior Non-carbon Areas
The colors of the non-carbon areas above the carbon band (i.e.,the upper interior) and below
it (i.e., the lower interior and/or the interior base) are compared both within and between rice and
vegetable/meat cooking pots. The interior wall color is classified into three categories (dark brown,
brown, and light brown) based on visual observation.

In identifying wall color, three points should

be considered. First, when there is variation in wall color, the lightest color is selected. Second, even
in new pots, the upper interior just below the neck is usually slightly darker than the surface below
it. This is probably because the upper exterior surface, which curves inward, did not get enough
oxygen during firing, the wall experienced a less oxidizing atmosphere than the middle and lower
interior surfaces. Thus, the upper interior is represented by the color just above the middle interior
carbon patches.

Finally, pots that are covered with firing clouds over large areas are excluded from

the analysis.

Color of the Upper Interior Surface
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The non-carbon area on the upper interior of vegetable/meat cooking pots is darker than that
of rice cooking pots at all four resin stages (Figure 8.17). This difference is very pronounced: the
frequency of "light brown" is less than 10% in vegetable/meat pots at all resin stages, whereas that of
"dark brown" is at most 25% in rice cooking pots.
The color of the upper interior in rice cooking pots changes very little with various resin
stages, while that of vegetable/meat pots shows distinctive changes from "brown," which dominates
stages 1 and 2, to "dark-brown," which dominates stage 4. The correlation between color categories
of the upper interior and resin stages as measured by Cramer’s V is much higher in vegetable/meat
pots (Cramer"s V = 0.552, n= 65) than in rice cooking pots (V =0.196, n = 3 5 ).

Thus, as the pot

accumulates uses, the non-carbon area on the upper interior of vegetable/meat pots becomes darker
at a much higher rate than that of rice cooking pots.
As a result, differences in the colors of the upper interior walls between rice and
vegetable/meat cooking pots become more pronounced as the pot is used more.

The correlation

between the three color categories of the upper interior and pot use (rice or vegetable/meat) increases
with the resin stages (0.338 for stage 1, 0.463 for stage 2, 0.624 for stage 3, and 0.680 for stage 4).
The darker color of vegetable/meat cooking pots can be explained by the presence of
abundant organic materials and a lack of moisture on the upper interior. In vegetable/meat cooking
many small pieces of organic material (e.g., vegetable and soup) stick on the upper interior by
frequent stirring, making thin translucent or white layers. Without any moisture, these layers become
darker when the pot is heated, although the amount of heat received by the upper interior is not
enough to carbonize these organic materials.

On the other hand, the lighter color of rice cooking

pots can be explained by the amount of liquid in the pot. During the simmering stage of rice cooking,
the entire interior surface is heated intensively by firewood at short distance.

The entire interior

surface of rice cooking pots, below the leaves, is also covered with a thin layer of gruel-like substance.
Thus, in rice cooking pots, abundant organic materials are heated intensively.
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However, because rice grains on the upper interior still retain some moisture even in the simmering
stage, the presence of moisture delays the color change on the interior walls, except for the middle
interior which receives the most intensive heat during simmering.
The fact that the upper interior color of rice cooking pots shows very little change with resin
stage is also explained by the presence of moisture in the pot. In contrast, in vegetable/meat pots, the
clear change in the upper interior color with resin stage is explained by the cumulative formation of
partly carbonized thin organic layers in the absence of moisture.

Color of the Lower Interior Surface
In contrast to the non-carbon areas on the upper interior, the non-carbon areas on the lower
interior in rice cooking pots are darker than those in vegetable/meat pots at all four resin stages
(Figure 8.18). This pattern can be explained by the presence of abundant water on the lower interior
of vegetable/meat pots. Since vegetable/meat pots are always filled with water up to one-third or onehalf of their body height, carbonization does not occur below the water level. Like the upper interior,
the non-carbon area on the lower interior of both rice and vegetable/meat cooking pots become
darker as the pot proceeds through the resin stages. However, the rate of color change contrasts with
that of the upper interior.
vegetable/meat)

The correlation between the lower interior color and pot use (rice or

is slightly higher in rice cooking pots (Cramer’s V = 0.488, n= 26) than

in

vegetable/meat pots (V =0.372, n= 60). Thus, as the pot is used more, the non-carbon area on the
lower interior of rice cooking pots becomes darker at a higher pace than that of vegetable/meat pots.
The color differences between rice and vegetable/meat cooking pots do not show any consistent
associations with resin stages.

Differences in Color between the Upper and Lower Interior
The difference in the color of non-carbon area between the upper and the lower interior is
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classified into three categories: (A) non-carbon area on the upper interior (i.e., above the middle
interior carbon patches) are darker than those on the lower interior (i.e.,below the middle interior
carbon patches), (B) no color difference, and (C) non-carbon areas on the lower interior are darker
than those on the upper interior. Pots with continuous carbon patches from the middle interior to
the base are excluded from the analysis because non-carbon areas on the lower interior cannot be
identified. Vessels whose upper and lower interior have the same color may be identified as (A) or
(B) based on subtler color differences.
Rice and vegetable/meat cooking pots exhibit marked color differences (Figure 8.19). Rice
cooking pots are dominated by type (B) at all resin stages, and Type (A) is lacking. As a result, in
rice cooking pots, battleship frequency diagram of upper and lower interior colors are very similar
(Figure 8.17,8.18). In contrast, vegetable/meat pots are dominated by type (A) at all resin stages, and
there is only one case of (C). Battleship frequency diagram for upper and lower interior colors are
strikingly different (Figure 8.17,8.18).
The frequency of rice cooking pots in type (C) gradually increases as the pot proceeds through
the resin stages, whereas the same type of vegetable/meat cooking pots decreases. Because type (C)
is the only type shared by rice and vegetable/meat cooking pots, color differences between them
become evident as the pots accumulate uses.

The correlation between the three types of color

difference and vessel usages (rice or vegetable/meat) measured by Cramer’s V increases from stage 1
(Cramer’s V = 0.526, n = 2 2 ) through

stage 2 (V =0.787, n= 19) to stage 3 (V =1.000 or mutually

exclusive, n = 19), and then declines at stage 4 (V =0.752, n= 25).
These patterns are explained by such factors as presence of liquid, distance from the heat
source, and amount of organic materials adhering to the walls. In rice cooking, the change of surface
color likely occurs mainly during simmering. During simmering, the water is mostly gone but there
is still moisture in and around the rice grains, and the pot receives intense heat from the side rather
than from the base. Because the upper and lower interior walls do not differ significantly in the
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amount of heat, moisture, or organic material, the upper and lower interior walls have similar color
compositions.
On the other hand, vegetable/meat cooking is characterized by 1) a constant presence of water
on the lower interior, 2) a constant lack of moisture on the upper interior (above the water level),
3) heating from the base, and 4) the presence of a thin layer of organic material above the water level
due to stirring and/or overflow of the contents.

Thus, the upper and lower interior walls differ

significantly from one another in terms of amount of moisture. The presence of abundant moisture
on the lower interior prevents the contents from carbonizing, whereas, due to the constant lack of
moisture on the upper interior, the white or translucent thin layers of organic materials are easily
darkened even though the walls do not receive intense heat.

Discussion: Development of the Interior Carbon Patches
The formation process of middle interior carbon band can be summarized as follows. In stage
1, a few isolated carbon patches form at the same horizontal level. As the pot becomes older, carbon
patches increase in number, overlap each other, and gradually form a band. After carbon patches
form a band, individual carbon patches become less identifiable as they merge into the band. Changes
in critical variables (color, location, area, and shape of the carbon patches) involved in this basic
process are described below in more detail.
1.

In the early stages of use, the interior surface becomes slightly darker. As the pot becomes

older, the carbon deposits gradually become darker and start to form distinctive layers. The non
carbon areas above and below the middle interior carbon patches generally become darker as the pot
is used more. One exception is the non-carbon area in the lower interior of vegetable/meat pots: its
color does not change markedly with the number of use events owing to the presence of abundant
water, which prevents the carbonization of organic materials. Therefore, when water is not present
in the lower portion of the pot, the non-carbon area becomes darker due to carbonization of organic
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materials.

These dark areas may or may not develop into distinct carbon patches.

As a result,

intensive black carbon deposits (type 3 and 4) are usually surrounded by light-colored carbon deposits
(type 1 and 2), and thus transition from the carbon patches and the non-carbon areas above and/or
below them is gradual.
2. Most Kalinga cooking pots have carbon patches on the middle interior.

Their location

changes from Location type 1 (i.e.,lacking carbon patches on the interior base) through type 2 (i.e.,
having carbon patches on the middle interior and the base with an interruption on the lower interior)
to type 3 (i.e.,having carbon patches on areas from the middle interior to the base continuously) as
the pot accumulates uses. The area covered with carbon patches also increases vertically with the
number of use events.
3. Middle interior carbon patches expand horizontally with the number of use events: the
number of identifiable carbon patches increases with the number of use events until they form an
unbroken carbon band.

Then individual carbon patches gradually become unidentifiable as they

overlap and the color of the carbon band becomes darker.
4. In vegetable/meat pots, undulations in the upper and lower boundary lines of the middle
interior carbon band decrease with the number of use events. On the other hand, undulations in the
carbon patch on rice pots do not vary significantly with the resin stages.
In summary, rice and vegetable/meat cooking pots share the basic process of the middle
interior carbon band formation: as the pots are used more frequently, carbon patches become darker
and thicker and expand their areas both vertically and horizontally.

CARBON DEPOSITS ON THE INTERIOR BASE

Color and Thickness
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Classification of Carbon Patch Classes
Carbon deposits on the interior base differ from those on the middle interior in two ways.
First, basal carbon deposits have lower frequency of type 1 carbon and higher frequencies of types 2,
3 and 4 carbon. Second, thick carbon deposits (type 4 carbon) on the base occur mostly (11 of 18
pots) as large (larger than 2 cm in diameter) patches, whereas those on the middle interior mostly (14
of 16 pots) occur as small (less than 2 cm in diameter) patches. In addition, thick carbon deposits
of tiny grain-shape (Pot Nos. 24 and 46), obviously carbonized rice grains, are present only on the
middle interior. Because of these differences, definition of carbon patch classes on the interior base
differ from that on the middle interior in two ways.
First, in both classifications, carbon patch Class IV is separated from Classes I, II, and III by
the frequency of types 3 and 4 carbon combined.

Because the frequency of these carbon types is

higher in the base than in the middle interior, the cut-off point is also higher in the base (30%) than
in the middle interior (5%). Second, because the frequency of type 1 carbon is much lower in the
basal carbon patches, carbon patch class that consist exclusively of type 1 carbon (Class I carbon
patches in the middle interior) is not included in the classification.
classification.

(type 3 + type 4)

(Class I)

type 1 and type 2

(no carbon deposits)

Class II

< = 30%

type 1 > = type 2

Class III

< = 30%

type 1 < type 2

Class IV

> 30%

Table 8.2 Classification of basal carbon patch classes

Table 8.2 shows the result of
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Variation with Resin Stages
Like the middle interior carbon deposits, basal carbon patch classes vary with the resin stage.
In both rice and vegetable cooking pots, they change from Class II through Class III to Class IV as
the pots accumulate uses. The correlation between carbon classes and resin stages are higher in rice
pots (Cramer’s V = 0 .4 2 8 ,n = 3 5 ) than in vegetable/meat pots (V = 0.357,n= 65). Thus, like the middle
interior carbon deposits, basal carbon deposits form faster in rice pots than in vegetable/meat pots.

Differences between Rice and Vegetable/Meat Cooking Pots
Like the middle interior carbon deposits, basal carbon deposits in rice cooking pots have a
higher frequency of Classes III and IV than those in vegetable/meat cooking pots in all resin stages
(Figure 8.20). The correlation between basal carbon patch classes (including Class I that is defined
as lacking carbon deposits) and pot uses (rice or vegetable/meat) increases from resin stage 1 (0.295,
n = 2 3 ) to stages 2 (0.531, n= 22) and 3 (0.537, n= 22), and then decreases at stage 4 (0.194, n= 33).
Thus, like the middle interior, the differences between rice and vegetable/meat pots are most distinct
at the middle stages of pots’ use. The same pattern is observed in the frequency of basal carbon
deposits as a whole. In stage 1, only 40% of rice and vegetable/meat pots have basal carbon deposits.
In stage 2, the difference between the two pot types becomes distinct: basal carbon deposits are
present in all rice cooking pots, while they are present only in 60% of vegetable/meat cooking pots.
In stages 3 and 4, the difference disappears because carbon patches are present almost all rice and
vegetable/meat cooking pots.

Size of Basal Carbon Patches
The size of basal carbon patches is represented by diameter of the largest patch rather than
the total area of all carbon patches. In patches with an irregular shape, length of the longest axis is
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used. Diameter of basal carbon patches ranges from 0.5 cm to 15 cm. Mean diameter of the basal
carbon patches is larger in vegetable/meat cooking pots than in rice cooking pots in stages 2, 3 and
4 (Figure 8.21), although these differences measured by T-test are not significant at the 5 % level.
In both rice and vegetable/meat pots, mean patch diameter increases with the resin stages:
in rice cooking pots it increases from stages 2 (7.33 cm, n = 3 ) and 3 (7.24 cm, n = 4 ) to stage 4 (8.69
cm, n = 8 ), and in vegetable/meat cooking pots it increases in the order of stage 1,2, 3, and 4 (Figure
8.21). Stage 1 of rice cooking pots is not considered because there is only one pot with basal carbon
patches.

Shape of Basal Carbon Patches
Basal carbon deposits occur either as 1) a large patch with or without small patches around
it, or 2) a group of many small patches. Differences between them are probably due to the shape and
amount

of organic

materials

present

on the base when the carbon

patches

are formed.

Vegetable/meat cooking pots have a slightly higher frequency of the former (a large patch) than do
rice cooking pots.
In vegetable/meat cooking pots, frequency of the former (a large patch) increases with resin
stages in the order of stage 1 (40%, n = 8 ), stage 2 (55.6%, n = 9 ), stage 3 (60%, n= 10), and stage 4
(83.3%, n= 1 8 ) (Figure 8.22). On the other hand, rice cooking pots do not show such consistent
changes with the resin stages.

Thus, it is likely that in vegetable/meat cooking pots, many small

carbon patches develop into a few large carbon patch.
Basal carbon deposits increase in frequency, intensity (frequency of carbon patch class III and
IV), and patch size as pots accumulate uses. This development process is basically the same as that
on middle interior walls. However, as is discussed below, carbon patches on these two locations are
produced by different processes.

F igure 8.21 and 8.22
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Differences between Rice and Vegetable/Meat Cooking Pots
Basal carbon patches in vegetable/meat cooking pots are likely to be produced during rice
cake (chaycot) cooking because of the two reasons.

First, carbon deposits do not form when

vegetables and meat are cooked, because the pot is always filled with abundant water. Second, basal
carbon deposits in vegetable/meat cooking pots are more often (19 of 35) accompanied by halfcarbonized food residues, which are likely to be uncarbonized chaycot, than in rice cooking pots (18
of 65). Basal carbon patches associated with the inferred uncarbonized chaycot are thicker and larger
in diameter than those in rice cooking pots. Furthermore, the shape or size of the white/brown halfcarbonized residues often correspond to those of the carbon patches beneath them.
There are more than a dozen chaycot cooking techniques, ranging from boiling to steaming.
One of the most common is to boil many small balls of chaycot dough in vegetable/meat pots. This
cooking method is characterized by constant stirring of the contents because the amount of water is
smaller than in ordinary vegetable/meat cooking. It is likely that basal carbon deposits are produced
by this type of chaycot cooking owing to the small amount of water in the vessel.
Basal carbon deposits in rice cooking pots are produced when the pot rests on three supports
(chalpon) and is heated from the base.

Most are unlikely to be produced by rice cake (chaycot)

cooking because rice cooking pots (ittoyom) are rarely used for chaycot cooking (see Chapter 5).
As noted, basal carbon patches in vegetable/meat cooking pots show lower frequency of
occurrence (especially in stage 2) and less intense carbon deposition (lower frequency of Class III and
IV) than those in rice cooking pots. This is probably because rice cakes (chaycot) are not cooked
frequently. Small/regular cooking pots were used for chaycot cooking mostly for between-meal snacks
(merienda) rather than for ceremonies. Although the frequency of chaycot cooking as between-meal
snacks was not recorded during the cooking survey, chaycot is unlikely to be cooked frequently.
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EXTERIOR OVERFLOW

Classification
Overflow (or boiling-over) lines are observed on areas from the exterior rim/neck to the body
in 59 pots (53.6%). These lines, mostly 3-6 millimeters in width, are white (including reddish-white),
brown, or translucent, and their number ranges from 1 to 29 with peaks at 1 and 4. In a few pots,
traces of overflowing occur as a wide area: for example, in pot N o.178, a large vegetable/meat pot, the
entire upper and middle exterior walls and neck areas are covered with half-carbonized brown organic
material. Another pot has wide overflow lines (over two centimeters in width) on the exterior neck
just below a large chip in the rim, suggesting that a large amount of fluid organic materials overflowed
from the chipped rim. Variation in their color, thickness, location, and number with resin stages and
pot type are examined.
The overflow lines occur either as (A) a deposition of half-carbonized white (including
reddish-white) or brown organic materials or (B) translucent lines where soot deposits are lacking
(n=14). The former deposition can be wiped out by rubbing. The latter (B) is likely to he produced
because moisture in overflow lines prevents soot depositions, or because during overflowing, soot
deposits disappear through the same processes as "nalu-ug" (Skibo 1992). Because these two types
of overflow lines sometimes co-occur in a pot, overflow lines for a pot are either category (A) only
(43 pots), category (B) only (5 pots), or a combination of both (9 pots). When the two types co-occur
(the final category), they sometimes form in different locations: translucent unsooted lines on the
neck, and white/brown lines on the upper interior.
Location of overflow lines is classified by their length into two categories: (1) between the
neck to the upper exterior, and (2) between form neck to the middle/lower exterior. The middle/lower
exterior can be more easily resooted after overflowing than the upper exterior.
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Variation with Resin Stages
Changes in the frequency, number, location, color, and association with interior halfcarbonized organic residues are examined.
1. The frequency of overflow lines does not change significantly with resin stages when rice
and vegetable/meat pots are combined (60.9% for stage 1, 50% for stage 2, 63.6% for stage 3, and
60.6% for stage 4). However, their frequency in rice cooking increases from stage 1 (66.7%) through
stage 2 (85.7%) to stage 3 (91.7%), and then declines at stage 4 (61.5%).

In contrast, that in

vegetable/meat cooking pots decreases from stage 1 (55%) through stage 2(26.7% ) to stage 3 (10%),
and then increases at stage 4 (45%).
2. Overflow lines on the upper interior increase with resin stages. Thus, the overflow lines
tend to be restricted to the upper exterior as the pot accumulates uses.
3. Association with interior half-carbonized organic materials tend to increase with the resin
stage, except for stage 2, (21.4 for stage 1,72.7 for stage 2,57.1 for stage 3, and 75% for stage 4) when
rice pots and vegetable/meat pots are combined.
4. Color and the number of overflow lines do not show any consistent changes with the resin
stage (Figure 8.23). However, when pots in resin stage 1-4 are compared with "newpots" (i.e.,those
which were used within a few times and which lack interior carbon deposits), there are clear
differences in following ways. First, the "newpots" show higher frequency of the translucent unsooted
overflow lines than pots with interior carbon deposits.

There is only one "new pot" which has

overflow lines of "white/brown materials only".Second, "newpots", especially of oppaya, have a larger
number of overflow lines than vegetable/meat pots with carbon deposits. Mean numbers of overflow
lines for the "new pots" are 23.67 for oppaya (n= 3) and 5.67 for ittoyom or semi-ittoyom/oppaya
(n= 3), while those for pots with carbon deposits are 6.32 for vegetable/meat pots (n=25) and 5.52
for rice pots (n=27).
In sum, as a pot proceeds through the resin stages, overflow lines tend to be restricted to the
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upper exterior and more frequently associated with interior half-carbonized materials. Also, the
frequency of overflow lines and the frequency of the "translucent unsooted type" are higher in "new
pots" than pots with interior carbon deposits.

Differences between Rice and Vegetable/Meat Cooking Pots
Rice and vegetable/meat cooking pots differ in the following ways. First, overflow lines occur
more frequently in rice pots (77.1%, n= 35) than in vegetable/meat pots (38.5%, n= 65). Second,
vegetable/meat pots show a higher frequency of white/brown deposition (88%) than rice pots (59.3%),
whereas the translucent unsooted type occurs more frequently in rice pots than vegetable/meat pots.
Third, overflow lines in rice cooking pots tend to extend to the middle exterior, whereas those in
vegetable/meat cooking pots tend to be restricted to the upper exterior. The frequency of overflow
lines extending to the middle/lower exterior is higher in the rice cooking pots (63%) than in
vegetable/meat cooking pots (48%).

Fourth, rice cooking pots exhibit a higher frequency of

association with interior half-carbonized organic materials (63%) than do vegetable/meat pots (48%).
Fifth, when these half-carbonized organic materials accompany with the overflow lines, their location
in rice pots are dominated by "interior base only",while those in vegetable/meat pots are "interior base
only" and "interior body only" with equal frequencies. In other words, in rice pots the half-carbonized
white/brown materials which accompany overflow lines occur more frequently on the base than in
vegetable/meat pots.
In sum, overflow lines in rice pots tend to (1) occur more frequently, (2) have a higher
frequency of the translucent unsooted type, (3) extend to the middle exterior, and (4) be accompanied
more frequently

by the interior half-carbonized

materials

vegetable/meat pots.

Formation Processes

(especially

on the base) than

in
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The overflow lines in rice cooking pots are produced during the boiling-over at the end of
the intensive heating stage of rice cooking. On the other hand, the following facts suggest that those
in vegetable/meat

cooking pots are thought to be produced by both rice cake cooking and

vegetable/meat boiling. First, some white/brown organic materials in the overflow lines are similar
(or identical) in color and texture to the interior half-carbonized organic materials that co-occur with
them (in pots No.59,89,167) and are thought to be rice cake. Second, the presence of overflow lines
in vegetable/meat pots is not correlated with the presence of carbon deposits on the interior base.
Thus, although boiling overflowing is not commonly occur in vegetable/meat cooking, at least part of
the overflow lines, especially translucent

ones, are likely to result from overflowing during

vegetable/meat cooking.
The higher frequency of overflow in rice pots than in vegetable/meat pots can be explained
by such parameters as the frequency overflow and subsequent re-sooting, thickness of soot deposits,
and vessel shape (especially neck constriction).
1. Frequency of Overflow and Subsequent

Sooting.

Overflow lines, especially on the

lower/middle exterior, are likely to disappear when a pot is heated and covered with soot deposits.
Thus, overflow lines occur more frequently as soot deposition after the overflow is less intensive.
Overflowing occurs in almost every rice cooking event because overflow is a signal to move from the
intensive-heating stage to the light-heating stage. Thus, rice cooking pots have new overflow lines at
nearly every cooking event. On the other hand, overflow occurs less frequently during vegetable/meat
cooking because attention paid to avoid this circumstance.

Although intensive overflow lines in

vegetable/meat cooking pots can be produced during rice cake cooking, rice cakes are cooked
infrequently, and boiling overflow does not always occur during the rice cake cooking. Thus, it is
likely that overflow lines which formed during rice cake cooking are covered with soot deposits during
subsequent vegetable/meat cooking.
2. Thickness of Soot Deposits.

Rice cooking pots tend to have thinner soot deposits than
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vegetable/meat pots for four reasons. First, in rice cooking, soot deposition become less intense after
overflowing dwindles the cooking flames. Second, during the subsequent simmering, rice cooking pots
do not receive soot deposits because they are placed beside the hearth and heated from the sides.
Third, exterior body soot deposits often oxidize away owing to intense heating of the vessel’s side
during simmering.

Finally, the constricted neck in rice pots hinders soot deposition on the upper

exterior and neck. By contrast, overflow lines in vegetable/meat cooking pots are more likely to be
covered with soot deposits because such pots may continue to be heated even after overflow occurs.
In addition, translucent overflow lines without soot deposits occurs more frequently in rice cooking
pots than vegetable/meat cooking pots because soot deposits are thinner in the rice pots.

EXTERIOR SOOT DEPOSITS
The thickness and area of soot deposits, and the color, size and location of oxidation spots
are examined.
Thickness of Soot Deposits
Thickness of soot deposits can be quantified in terms of the number and continuity of
chipping on the lower exterior soot deposits. Most pots have one or two rows of chipping at the same
horizontal level on the lower exterior soot deposits (see Skibo 1992). As the soot deposits become
thicker, rows of chipping tend to increase in number.

Thus, thickness of the lower exterior soot

deposits is classified into four types: (1) no chipping ("none"), (2) one row of chipping is present, but
it does not form an unbroken band ("partial"), (3) a complete band of soot chipping is present ("one
row"), and (4) two rows of complete bands of soot chipping are present ("two rows").
Chipping is thought to be produced during washing (Skibo 1992). Kalinga housewives or
children wash cooking pots after each meal by rotating them at the water sources. When the pot is
rotated, its middle/lower exterior and rim comes in contact with rocks or a cement floor. This washing
behavior is consistent among the Kalinga housewives. Although such contact may be cushioned by
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leaves or some other material, such contacts produce distinct chipping, or steps, in the lower exterior
soot deposits, as well as a band of striations on the middle exterior (Skibo 1992). When the soot
deposits become quite thick, these chips and striations form a band on the lower and middle exterior.
For both rice and vegetable/meat pots, the number of chipping rows tends to increase with
resin stages: the soot chipping category changes from "none" through "partial" and "one row" to "two
rows" as the pot proceeds through resin stages (Figure 8.24). In resin stage 1, soot chipping is not
present (i.e., "none" category) except for one vegetable/meat cooking pots, because soot chipping is
not produced until lower exterior soot deposits become thicker.

The above fact suggests that the

lower exterior soot deposits become thicker as the pot accumulates uses.
Vegetable/meat cooking pots exhibit a higher frequency of soot chipping than rice cooking.
In rice pots "none" dominates in stages 1, 2 and 3, while in vegetable/meat pots "none" dominates
stages 1 and 2, but stages 3 and 4 are dominated by "one row". The rate of the increase in the
frequency of soot chipping is compared between the two pot types based on Cramer’s V values: i.e.,
the correlation between the resin stages and soot chipping categories.

As a result, soot chipping

develops at a higher pace in vegetable/meat pots (V =.475) than in rice cooking pots (V =.405). The
difference between rice and vegetable/meat pots, measured by chi-square by combining "none" and
"partial", and

combining "one row" and "two rows", become more distinct from stage 1 (X =.000,

p = 1.000) through stage 2 (X = .393,p = .531)to stage 3 (X = 14.85,p= .0001)and 4 (X = 6.32,p= .0119).
The fact that rice pots have thinner soot deposits than vegetable/meat pots can be explained
that part of soot deposits are oxidized away when the rice pot is heated from the side with little
moisture inside during the simmering stage. On the other hand, oxidation of soot deposits is much
less intensive in vegetable/meat cooking pots because the pots always have abundant water inside.
That the increase in thickness of soot deposits proceeds much more slowly in rice cooking pots than
vegetable/meat cooking pots can also explained by the same process: soot deposition in rice cooking
pots is not as cumulative as vegetable/meat pots owing to the soot oxidation.
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Area of Sooting on the Exterior Neck
Area of soot coverage on the exterior neck is critical in that it is the only location in which
soot deposits are not affected by oxidation (with a few exceptions), and thus are likely to reflect the
cumulative results of vessels’ use. This is in contrast to soot deposition on the exterior body and base
within a few times of pot’s use, the body and base walls are all covered with resin deposits at least one
time, and then some soot deposits are oxidized away. Thus, variation in the area of soot coverage on
the base and body is affected by the degree of oxidation rather than reflecting the degree of
continuous accumulation.
The area of soot deposition on the neck is expressed as ratios (percentage) relative to the
neck circumference. The ratio is 0% (none) when there is no soot deposits on the neck, and is 100%
when the soot deposits form a complete band around the neck.

Figure 8.25 shows cumulative

percentage of sooted areas.
For both rice and vegetable/meat cooking pots, the area of soot coverage tends to increase
with resin stages (Figure 8.25). Vegetable/meat pots show larger area of soot coverage (average is
83.3%, n = 65) than rice pots (average is 35.6%, n = 35) in all of the four resin stages. The difference
is distinctive; in all four resin stages, more than 40% of rice cooking pots lack soot deposits, whereas
soot deposits are lacking in less than 20% of vegetable/meat pots. In addition, more than 40% of
vegetable/meat pots have soot deposits that form a complete band in the neck. Thus, in the following
section, variation in soot deposition on the neck is expressed by the presence/absence of soot deposits.
Differences between rice and vegetable/meat pots, measured by T-test (t= -5.99, p = .000) and chisquare ( X = 19.88, p = .0000, for their occurrence), are both significant at 0.1% level. The difference
between the two pot types becomes more evident from stage 1 (t= -1.80,p = .086,and V =.731,p = .393)
through stage 2 (t= -3 .3 1 ,p = .003,and V = 3 .7 9 ,p = .0516) to stage 3 (t= -5 .4 2 ,p = .000,and V =8.81,
p = .003) and 4 (t= -3.67, p = .003, and V = 6 .0 7 ,p = .0138).
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The fact that the area of soot coverage on the neck is smaller in rice cooking pots than in
vegetable/meat pots is explained by rice pots’ more constricted neck and shorter heating time. First,
because rice cooking pots have a more constricted neck, the upper exterior and neck do not receive
as much soot deposit as those in vegetable/meat pots. Second, rice cooking pots receive soot deposits
during simmering.

Finally, some rice cooking pots have patches of non-sooted area on the neck.

These are identified as oxidation patches because they coincide with interior thermal spalls or they
are continuous from middle exterior oxidation spots.

Oxidation Spots on the Middle Exterior
Oxidation spots, mostly round in shape, on the middle exterior are produced by the intensive
heating from the side during the simmering stage of rice cooking. In the simmering stage the vessel’s
wall become hot enough to cause oxidization of soot deposits because the pot is heated intensively
from the side with little moisture inside.
1. Frequency of occurrence. Oxidation spots occur much more frequently in rice cooking pots
(51.4%) than vegetable/meat pots (6.2%) in all four resin stages (Figure 8.26). The differences in the
frequency of oxidation spots between the two pot types, measured by chi-square, decrease from resin
stages 1 (X = 4 .1 5 ,p = .0415) and 2 (X = 10.10,p = .0015) to stages 3 (X = 2.39,p = .122) and 4 (X =2.31,
p = .129).
2. Number of oxidation spots. The number of oxidation spots ranges from none to seven.
Mean number of oxidation spots (excluding "none") in the rice cooking pots tends to decrease with
the resin stages, from stages 1 (X = 4 .5 0 ,n = 2 ) and 2 (X = 5 .2 ,n = 5 ) through stage 3 (X =3.33, n = 6 )
to stage 4 (X = 3 .0 0 ,n = 5 ). Mean number cannot be calculated in vegetable/meat cooking pots because
oxidation spots are present only in four pots. The frequency and mean number of oxidation spots in
the rice cooking pots tend to decrease with resin stages because, as a pot is used more frequently, soot
deposits become thicker so that oxidation becomes increasingly difficult to form.
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3.

Color. The color of oxidation spots is classified into "dark-brown", "brown", and "light-

brown" . Like the color classification of interior walls, color for a pot is represented by the lightest
part of oxidation spots. There is no consistent trend in color with the four resin stages (Figure 8.27).
This lack of directional change is explained by the non-cumulative nature of the oxidation spots
formation: because the middle exterior oxidation spots are covered with soot deposits in subsequent
cooking events, their color does not reflect a cumulative result of the previous uses, but depends on
the intensity of the last heating.

Oxidation Spots on the Exterior Base
The frequency of occurrence, size, and color of the basal, oxidation spots, and their association
with the interior carbon deposits are examined.
1. Frequency of occurrence.

Basal oxidation spots, present in 80.9% of 89 pots, is more

common in vegetable/meat cooking pots (96.2%) than in rice cooking pots (65.7%), although the
difference is not statistically significant (chi square = .840, p = . 360). The frequency in rice cooking
pots does not show any consistent changes with the resin stages, while that in vegetable/meat pots is
relatively constant among the four resin stages (Figure 8.28).
2. Size. Size of basal oxidation spots, represented by maximum diameter, ranges from 1.0 to
18.0 centimeters with the mean of 8.03 centimeters.

Although vegetable/meat pots show a slightly

larger mean diameter (X = 8.56cm ) than rice pots (X = 8.07 cm), the difference measured by T-test is
not significant either in total (t= -.51, p= .613, n = 7 9 ) or at each resin stage.

In both rice and

vegetable/meat cooking pots, variation in size with the resin stages does not show any consistent
pattern.
3. Color.

The color of basal oxidation spots is represented by the lightest part, which is

mostly at the center of the base.

Vegetable/meat cooking pots show a higher frequency of "dark-

brown" and a lower frequency of "light-brown" than rice cooking pots. Thus, oxidation spots in rice
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pots tend to be lighter in color than those in vegetable/meat pots. Variation in color with the four
resin stages shows no consistent tendency in rice cooking pots (Figure 8.28). On the other hand, in
vegetable/meat pots the color of oxidized area becomes slightly lighter (i.e., the frequency of "darkbrown" decreases and that of "light-brown" increases) from stages 1 and 2 to stages 3 and 4.
4.

Association with the interior carbon deposits.

The basal oxidation spots are considered

as coincide to carbon deposits on the interior base when they share the same irregular shape, or when
they are round in shape with roughly equal diameter.

Basal oxidation spots coincide to interior

carbon patches in 23 of 65 (35.4%) pots that have both the basal oxidation spots and basal carbon
deposits.

The frequency of coincidence is slightly higher in rice pots (8/16= 50%) than in

vegetable/meat pots (15/43=34.9% ). Variation with resin stages shows contrasting tendency between
the two pot types: in rice pots the frequency of coincidence decreases with the resin stages, while that
in vegetable/meat pots increases from stages 1 and 2 to stages 3 and 4 (Figure 8.29).
In sum, basal oxidation spots in rice cooking pots occur less frequently, are lighter in color,
and associated with the interior carbon deposits more frequently than vegetable/meat pots. Color does
not show any consistent changes with the resin stages in rice cooking pots, while basal oxidation spots
in vegetable/meat cooking pots become lighter in color as the pots accumulate uses. For both rice
and vegetable/meat pots, the frequency of occurrence and size of basal oxidation spots show no
consistent changes with resin stages.

Thus, basal oxidation spots are characterized by the lack of

consistent changes with the resin stages.

THERMAL SPALLING
Like interior carbon deposits in rice cooking pots, thermal spalls tend to form round
concentrations, each of which is likely to be produced by intensive heating from the side during
simmering (see Skibo 1992). These concentrations often coincide with round patches of the middle
interior carbon deposits and, less frequently, with the middle exterior oxidation spots. Density of
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thermal spalls is examined in two ways: the density of concentrations on the interior walls at the
horizontal level and the density of thermal spalls within a concentration.

It is expected that the

former density represents the intensity of heat (as well as the amount of liquid present on the interior
wall) in each cooking event, whereas the latter density indicates the frequency in which the pots are
heated intensely from the side. Thermal spalling is classified in these two kinds of density into four
categories: (1) none, (2) having scattered thermal spalls without forming distinct concentrations, (3)
having a few concentrations, and (4) having many concentrations of thermal spalls (Figure 8.30).
Rice cooking pots have much higher frequency of thermal spalls than vegetable/meat pots do.
There are only four vegetable/meat pots with thermal spalls. Differences between the two pot types
in each resin stage is also distinctive, especially in resin stage 2 (X = 10.3 4 ,p = . 0013), stage 3 (X =6.86,
p= .0088), and stage 4 (X = 1 8 .6 1 ,p = .0 0 0 ).
In stage 1, both rice and vegetable/meat pots lack thermal spalling. The frequency of thermal
spalling in rice pots increases from stage 1 through stages 2 and 3, to stage 4. The rate of increase
in the frequency of thermal spalling with resin stages, measured by the correlation between their
presence and the resin removal stages, is much higher in rice pots (Cramer’s V =.589) than in
vegetable/meat pots (V =.179). In rice pots, except for the unusually high frequency of type 4 in stage
2, density of thermal spalling changes from type 2 through types 3 to type 4. That in vegetable/meat
pots also changes from type 3 to type 4, though the difference is not very distinct. Thus, both rice
and vegetable/meat pots increase in the frequency and density of thermal spalls with the resin stages.
Thermal spalls most frequently occur on middle interior walls. Thermal spalls on the upper
and lower interior are almost always less dense than those on the middle interior .

DISCUSSION:

PROCESSES OF THE FORMATION OF USE-ALTERATION

Carbon Formation in Rice Cooking Pots

PATTERNS
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The middle interior carbon patches of rice cooking pots form mainly during simmering, in
which pots with little moisture inside are heated intensely from the side. Several points support this
claim. First, the location of the middle interior carbon patches suggests that they were produced by
a heat source from the side and not the base. This form of heating occurs during simmering, in which
heat is directed at the pot side as it sits next to the fire. Second, the middle interior carbon patches
sometimes coincide with exterior soot oxidization patches (Skibo 1992). Because soot oxidization
patches on the middle exterior are produced by direct flames during simmering, middle interior carbon
patches are also produced by the same processes. Finally, if the middle interior carbon deposits had
formed during the intensive heating stage or light heating stage, in which the pot is heated from the
base, the interior base would have had carbon deposits earlier than the middle interior. On the other
hand, the fact that there are no pots that have carbon patches only on the interior base (i.e.,lacking
the middle interior carbon patches) suggests that the middle interior carbon patches form earlier than
the interior base carbon patches. Furthermore, the location of the interior carbon deposits in earlier
stages are dominated by Location type 1 (i.e.,carbon patches are located only on the middle interior),
whereas those in later stages are dominated by Location types 2 and 3 (i.e.,carbon patches are located
on both the middle interior and the base).

Carbon Formation in Vegetable/Meat Cooking Pots
The processes of the interior carbon formation in vegetable/meat cooking pots differ from
those in rice cooking pots in two ways: the location of the middle interior carbon deposits, and the
cause of basal carbon formation.
1.

Location of the middle interior carbon deposits. The middle interior carbon deposits in

vegetable/meat cooking pots form above the water level, whereas those in rice cooking pots form
below it.

When carbon deposits are produced above the water level, their characteristics

are

determined mainly by the pot’s distance from the heat source and the amount of organic material on
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the surface.
Since the water level in vegetable/meat pots is usually at the point of the vessel’s maximum
diameter, interior carbon patches are likely to form on the middle/upper body (i.e.,above the water
level). Thus the distance between the heat source and the carbonized area (above the water level)
is greater in vegetable/meat pots than in rice pots.

As a result, the middle interior walls of the

vegetable/meat cooking pots do not receive as intensive heat as those in the rice cooking pots. This
explains the lighter color, the lower frequency of thick carbon layers (type 4 carbon), and the narrower
width of the middle interior carbon patches (or band) in the vegetable/meat cooking pots.
The water level also determines the shape of carbon patches.

The middle interior carbon

patches in vegetable/meat cooking pots have less undulating (flatter) boundary lines than those in rice
cooking pots because the organic materials sticking on the wall in the same horizontal level get nearly
equal mounts of heat and because the lower boundary of the carbon patches is determined by the
water level.
It was observed among the Kalinga that during vegetable/meat boiling, small pieces of the
organic material are raised by stirring or convection flows, and stick to the interior walls above the
water level. Thus, the amount of organic material adhering to the walls above the water level is likely
to be determined by the amount of moisture in the dish (i.e., viscosity of the dish) and the frequency
of stirring: the amount of organic material sticking to the wall is greater when they are less fluid and
when the contents are stirred more frequently. These two factors are interrelated in that side dishes
boiled (or simmered) with less moisture (e.g., stew- or mush-like dishes) tend to require more
frequent stirring than those boiled with abundant moisture (e.g.,broth-like dishes). Because almost
all Kalinga traditional side dishes are broth-like dishes, organic material sticking on the middle/upper
interior cannot be very thick.

This is one reason that the middle interior carbon patches in the

vegetable/meat cooking pots are lighter in color and thinner than those in rice cooking pots.
2. The Process of basal carbon formation.

Basal carbon deposits in rice cooking pots are
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produced by the same process as the middle interior carbon deposits, whereas those in vegetable/meat
cooking pots are produced by different processes from the middle interior carbon deposits.

It is

believed that basal carbon deposits of vegetable/meat cooking pots are produced by rice cake (chaycot)
cooking rather than ordinary vegetable/meat cooking.

Because rice cakes, usually cooked in

vegetable/meat cooking pots, are not frequently cooked, the frequency of the basal carbon patches is
lower in vegetable/meat cooking pots than in rice cooking pots.

Differences between Rice and Vegetable/Meat Cooking Pots
When the resin removal stage is controlled, rice pots and vegetable/meat cooking pots differ
in the following ways.
1. Rice pots have darker and thicker middle interior carbon deposits than vegetable/meat pots.
In other words, the middle interior carbon deposits in rice cooking pots become darker and thicker
more rapidly than those in vegetable/meat pots. This is because the distance from the heat source to
the middle interior carbon patches is shorter in rice pots than in vegetable/meat pots.
2. The middle interior carbon patches increase their size more rapidly in rice pots than in
vegetable/meat pots. Thus, at the same resin stage rice pots have a wider area of carbon deposits both
vertically (i.e., in carbon Location type) and laterally (i.e., the area of the middle interior carbon
patches) than vegetable/meat pots.

Rice pots show higher frequency carbon patches that are

continuous from the middle interior to the base (Location type 3). The lower boundaries of the
middle interior carbon patches is lower in rice pots than in vegetable/meat pots.
The interior carbon deposits are smaller in area in vegetable/meat cooking pots because their
formation on the lower interior and the base is prevented by abundant water. The presence of water
in the pots also makes the lower boundary of the middle interior patches higher than that in rice
cooking pots. In contrast, the interior carbon patches in rice pots form after the water is evaporated,
and thus their location is determined only by the location of the most intensive heat, and is not
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restricted by the presence of water.
3. The upper boundary of the middle interior carbon patches in rice cooking pots has more
distinct undulations than in vegetable/meat pots.

This is because vegetable/meat cooking pots are

heated only from the base, whereas rice cooking pots are heated from both their side and base.
4. Rice cooking pots have a greater number of identifiable carbon patches within the middle
interior carbon band than vegetable/meat pots. This is because individual carbon patches in rice pots
are distinctive within the band by the undulating boundary lines and by the intensive color and
thickness.

On the other hand, the carbon patches in vegetable/meat pots are laterally-extended in

shape and less distinctive in color and thickness than those in rice pots.

Thus, individual carbon

patches are less identifiable within the band in terms of the boundary undulations and the color and
thickness of the carbon patches.
5. Color of non-carbon areas is the most distinctive feature for identifying the pot types. The
non-carbon areas above the carbon band are darker in vegetable/meat pots than in rice pots. On the
other hand, those below the carbon band are darker in the rice pots than in vegetable/meat pots.
Thus the color difference between the non-carbon areas above and below the carbon band differs
markedly between rice and the vegetable/meat pots. In vegetable/meat pots the upper interior (non
carbon area above the carbon band) is always darker than the lower interior (those below the carbon
band). In contrast, in rice pots, there is no difference in color between the upper and lower interior
or the lower interior is darker than the upper interior.

This fact is related to the amount of water

in the pot. In vegetable/meat pots, the presence of water prevents the light-carbonization of organic
materials below the water level (in the lower interior).

On the other hand, in rice pots, the light

carbonization of the rice grains occurs on the whole interior surface during the simmering stage as
water is removed from the rice.
6. The location of thermal spalling often coincides with that of the middle exterior oxidation
spots and the middle interior carbon deposits because these three are likely to be produced
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simultaneously by intensive heat from the side. Thus, middle exterior oxidation spots and thermal
spalling occur only in rice cooking pots.
7. The location and shape of basal carbon patches sometimes coincide with those of basal
oxidation spots because these two are likely to be produced simultaneously during rice and rice cake
(chaycot) cooking. Because rice cakes (mostly cooked in vegetable/meat cooking pots) are not cooked
frequently, these two use-alterations are darker and thicker in rice cooking pots than vegetable/meat
cooking pots.
8. Vegetable/meat cooking pots tend to have thicker soot deposits (i.e.,having more distinct
soot chipping) on the middle/upper exterior than rice cooking pots. This is because soot deposits in
the rice cooking pots are oxidized away more frequently than those in vegetable/meat cooking pots
owing to the intensive heat from the vessel’s side and the fewer amount of moisture inside.
The above analysis suggests that factors that resulted in the above differences between the two
pot types include (1) amounts of moisture inside the pots, (2) the water level, (3) direction of heat,
and (4) frequency of stirring.

Implications for the Use-Alteration Analysis of Archaeological Pots
Analyses in Chapter 5 and this chapter suggest that cooking (boiling) methods can be roughly
categorized into three types in terms of such parameters as amounts of moisture, intensity of heat,
water level, frequency of stirring, and direction of heat: rice cooking, stew/mush/chaycot-like cooking,
and broth cooking. Expected use-alteration patterns differ among them (Table 8.3).
Rice cooking is characterized by 1) the near lack of moisture until the end of heating, 2)
intensive heating by a large flame, 3) higher water level, 4) no need of stirring, and 5) heating from
the side (during simmering) as well as from the base. It should be noted that intensive heating during
simmering is a characteristics of the preparation of long-grain varieties of rice. As noted in Chapter
5, for medium/short grain varieties of rice, the pot is simmered without direct heating. Thus, pots
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specialized for cooking medium grain varieties of rice (i.e.,the Yayoi rice farmers’ cooking pots) are
likely to have intensive carbon deposits and oxidation spots on the base rather than on the middle
body. Use-alteration patterns expected for rice cooking pots (for both long and medium/short grain
rice varieties) include a) less distinctive color difference between the upper and middle interior, b)
less distinct upper boundaries of middle interior carbon deposits, c) intensive carbon deposits and
oxidation spots on the base, d) more overflow lines, and e) higher frequency of thermal spalling.
Stew/mush/chaycot-like cooking is characterized by 1) the near lack of moisture until the end
of heating (especially on the lower interior walls), 2) prolonged heating with a relatively low flame,
3) relatively low water level, 4) frequent stirring, and 5) heating from the base (for round based pots)
or lower exterior (for flat based pots). Expected use-alteration patterns include a) intensive carbon
deposits and oxidation spots on the base and lower body, b) less distinct color difference between the
upper and middle interior non-carbon areas, and c) more intensive nicks on the interior walls owing
to the frequent stirring.
Finally, broth/soup-like cooking is characterized by 1) the presence of abundant water in the
pot until the end of heating, 2) less intensive heating with a relatively low flame, 3) relatively lower
water level, and 4) relatively frequent stirring. Expected use-alteration patterns include a) the lack
of carbon deposits and intensive oxidation spots on the base and lower interior, b) the presence of
a carbon band on the middle interior (just above the water level), c) a distinct color difference
between the upper and the lower interior non-carbon areas, and d) the lack of thermal spalling.
Thus, in temperate areas where medium grain varieties of rice are planted, differences in usealteration patterns between rice cooking pots and stew/mush/chaycot-like cooking pots are not as
distinct as in the tropical and sub-tropical areas where long-grain varieties are mostly planted.
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Characteristics of cooking
Rice cooking

Stew/mush/chaycot cooking

Broth cooking

(1) Amount of moisture

nearly gone

nearly gone

abundant

(2) Intensity of heat

intensive

less intensive

less intensive

(3) Water level

High

(4) Frequency of stirring

None

(5) Direction of heat

From the base
(and side)

Low

Low

Most frequent
From the base

Relatively frequent
From the base

Expected use-alteration patterns

Rice cooking

Stew/mush/chaycot cooking

Broth cooking

(a) Intensive carbon deposits

Base/ lower interior Base/ lower interior
(and middle body)

Middle/upper interior

(b) Exterior oxidation spots

Base/ lower exterior Base/ lower exterior
(and middle body)

None

(c) Color difference between
the upper and lower
noncarbon areas

Ambiguous

(d) Thermal spalling

Present

Ambiguous

Absent ??

Table 8.3 Expected use-alteration patterns for three types of cooking

Distinct

Absent
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CHAPTER NINE: TRANSITION FROM JOMON FORAGERS

TO YAYOI RICE FARMERS

METHOD OF ANALYSIS
The purpose of this chapter is to infer changes in cooking techniques from the Jomon
foraging period to the Yayoi farming period based on dietary patterns, use-alteration patterns, and
vessel morphology.

Ethnographic

models are used to relate use-alteration

patterns and vessel

morphology to cooking techniques. Cooking techniques here are limited to those using cooking pots.
Thus, the analysis of cooking techniques focuses on modes of vessel use and on the degree of
differentiation

in cooking techniques.

Each cooking technique is examined in terms of such

parameters as intensity of heating, water level, amount of moisture in the pots, foodstuffs cooked in
the pots, and frequency of stirring and boiling overflow. Based on inferred cooking techniques, the
degree of (variation) differentiation in cooking techniques is compared between Jomon foragers and
Yayoi rice farmers.
The present analysis of prehistoric cooking techniques is based on the assumption that the
dietary system consists of such subsystems as foodstuffs, cooking/processing

techniques,

food

consumption customs, and morphological and physical characteristics of cooking and serving vessels;
in other words, these subsystems are interrelated. The present analysis focuses on relationships among
foodstuffs, cooking/processing techniques, and characteristics of cooking vessels because, as noted in
Chapter 3, food serving behavior is more difficult to identify archaeologically than cooking behavior.
Dietary patterns (foodstuffs) of the Jomon and Yayoi periods can be inferred from plant and animal
remains, carbon/nitrogen isotope analysis, artifacts used for subsistence activities and food processing.
.Characteristics of cooking vessels are directly observable in archaeological data. In contrast to these
two domains, cooking techniques (or vessel use behavior) cannot be directly observed archaeologically
because they are not materials (i.e., assemblages of foodstuffs or cooking pots) but "behavior."
Although use-alteration patterns can indicate a limited aspects of cooking behavior, the reconstruction
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of cooking techniques also needs to consider such limiting factors as unintended use, reuse, multipleuse, and changes in use-alteration patterns with the number of use events. Thus, because it is very
difficult to reconstruct cooking behavior based solely on use-alteration patterns, it is necessary to
combine three lines of evidence: 1) the kinds of foodstuffs cooked in pots and cooking facilities, 2)
morphological and physical characteristics of cooking vessels, and 3) use-alteration patterns of cooking
pots.
1. The kind of foodstuffs and cooking facilities. The kinds of cooking techniques (heating
methods) can be at least partially inferred from the characteristics of foodstuffs. Although a type of
food can be cooked in a variety of ways, it is possible to narrow down the range of most suitable
heating techniques for some food types by considering processing modes and kinds of cooking facilities
and tools available during the Jomon and Yayoi periods. For example, frying is unlikely to have been
used in Jomon and Yayoi cooking because oil must have been very precious and because permeable
cooking pots are not suitable for containing oil (frying vessels must be impermeable to prevent oil
from leaking to the exterior where it will bum and scorch). Likewise, sauteing is also unlikely because
there are no cooking vessels that have a suitable shape for sauteing (i.e.,pan- or bowl-shaped) and
that have carbon deposits inside. Thus, cooking techniques using ceramic cooking vessels are limited
to boiling, simmering, or steaming.
2. Morphological/physical characteristics of cooking pots. Cooking techniques can also be
inferred from the morphological/physical characteristics of cooking pots by analyzing the performance
characteristics of each attribute based on ethnoarchaeological models on form-function relationships
(Chapter 5). By combining functional efficiencies of various attributes (including neck constriction,
relative height, wall thickness, base shape, and volume), the most suitable heating method can be
empirically inferred. However, as discussed in Chapter 3, the effects of production/maintenance

costs

should be considered when inferring functional efficiency from vessel attributes: although certain
functional efficiencies are desired, they may not be obtained due to limited availability of resources
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and technological level, high labor costs (production time), and/or high maintenance costs (e.g.,
portability, washing cost, and so on). Thus, it is necessary to consider the balance between functional
efficiency, durability, and production/maintenance
3.

costs of each attribute.

Use-alteration patterns. Use-alteration patterns can indicate cooking techniques in a more

direct manner than the above two lines of evidence. Based on models of carbon formation (Chapter
8), the amount of moisture, water level, intensity of heat, and direction of heat can be inferred.
However, it is difficult to identify whether a pattern of carbon deposits results from originally intended
uses or unintended uses (including reuse) for two reasons. First, since interior carbon deposits can
form by even a single intensive heating, they may reflect a small number of unusual cooking events.
Second, since exterior soot deposits and oxidation spots reflect only the final cooking event rather
than a cumulative ones, they may indicate only unusual usage just before the pot’s abandonment.

In

order to distinguish unintended use and reuse from normal use in Jomon and Yayoi cooking pots,
models of vessel use (Chapter 6) are applied to archaeological data.
Because these three lines of evidence have limited applicability to the inference of cooking
techniques, it is necessary to combine the three approaches. Analysis in this chapter proceeds through
the following steps. First, dietary patterns, morphological (vessel form and size) and technological
(wall thickness and surface treatment)

attributes of cooking pots, and use-alteration patterns are

compared in the Jomon and Yayoi periods. Then, by combining these three lines of evidence, changes
in cooking techniques from the Jomon and Yayoi periods are examined.

Finally, the degree of

differentiation in cooking techniques is examined.

DIETARY PATTERNS
After dietary patterns of the Jomon and Yayoi periods are briefly examined, cooking methods
of the major foods are compared.
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Jomon Dietary Pattern
It has been widely accepted that the major Jomon foods consisted of nuts (including buckeye,
acorn, chestnuts, walnuts), wild animals (especially boars and deer), fish, and shellfish because they
are frequently excavated from shell middens, storage pits, or bog deposits.

Other wild plants,

including bracken-root, arrowroot, and wild tubers, are also thought to have been consumed seasonally
because of the abundance of these plants in the environment where Jomon settlements were located,
and their ease of gathering, although there is no direct archaeological evidence. Among these foods,
nuts have been considered to be the most important (in terms of caloric values) for the following
reasons.
First, analyses of plant remains demonstrated that nuts are by far the most common foods in
archaeological deposits (Watanabe 1975; Sahara 1987). huge deposits of nut shells (mainly buckeyes,
acorns, chestnuts, and walnuts) have sometimes been found in bog sites (e.g.,the Korekawa site in
Aomori prefecture, and the Juno site in Saitama prefecture), underwater sites (the Torihama site in
Fukui prefecture), and underground storage pits. For example, the Yoneizumi site, a Late Jomon
settlement in Ishikawa prefecture, yielded over 40,000 nutshells in a midden near habitation areas
(Ishikawa Prefectural Archaeology Center 1989).
Second, underground storage pits, either U-shaped or flask-shaped, are common throughout
the Jomon period. Because a large amount of nuts are sometimes found to be stored in pits when
the preservation is good, such quantity of nuts storage thought to have been common during the
Jomon period (Sahara 1987:114).
Third, isotope analyses of Jomon skeletons have indicated that, except for Hokkaido (the
northernmost Japanese island), the staple of Jomon people was plant food (Akazawa and Minagawa
1989). Isotope analysis also suggests that in the Japanese archipelago the dietary importance of plant
foods increased from north to south, whereas that of fish increased from south to north.

This

gradation pattern of plant foods coincides with the distribution of deciduous forests where abundant
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nuts are available.
Finally, cross-cultural ethnographic studies suggest that plant foods, especially nuts, constitute
the major food of foragers in temperate environments unless large amounts of fish, which can be
preserved, are available (Lee and DeVore 1968). For example, it is reported that the acorn was the
most important food source for hunter-gatherers in California and the Great Basin (Ortiz 1991).
Nut remains from Jomon sites are dominated by buckeyes, acorn, chestnuts, and walnuts.
These four kinds of nuts show different geographic distributions: nut remains in western Japan (west
of the Kinki district, see Figure 9.1) are dominated by the acorn, whereas those in eastern Japan (east
of the Hokuriku district) show a higher relative frequency of buckeye, chestnuts, and walnuts
(Watanabe

1975). Hokkaido has a higher relative frequency of walnuts than does the mainland.

These distribution patterns roughly coincide not only with modern nut distributions but also with
present-day environmental variation: western Japan is dominated by warm temperate, broad-leaf
evergreen forests, whereas eastern Japan is dominated by cold temperate, broad-leaf deciduous forests.
In addition, the eastern Hokkaido is covered with coniferous forests (Matsuyama 1979).
assuming that environmental

Thus,

variation has not changed, regional variation in the Jomon nut

distribution is likely to reflect environmental variation during the Jomon period.
Among the four types of nuts, buckeyes and most acorns require removal of tannic
compounds before consumption.

Watanabe (1975) categorized acorns into four types in terms of

tannic-removal techniques observed in Japanese ethnographic data (i.e.,the intensity of poisoning):
1) inedible acorns (Genus Quercus subgenus lepidobalanus Species dentata), 2) those that need both
water leaching and heating (Subgenus Lepidobalanus),

3) those needing water leaching (Genus

Quercus Subgenus Cyclobalanopsis), and 4) those which do not need tannic removal (Genus
Castanopsis and Pasania). The first two types are more common in the deciduous forests of eastern
Japan, whereas the latter two grow mainly in the evergreen forests of western Japan.

In addition,

buckeyes have the highest tannic contents, and thus need the most complex removal methods (a
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combination of water leaching and heating). Thus, generally speaking, nuts growing in eastern Japan
require greater processing effort than those of western Japan. Ethnographic studies on tannic-removal
methods support the pattern: it is demonstrated that the leaching methods are more common in
western Japan, whereas the heating method (often in combination with leaching) is more common in
eastern Japan (Matsuyama 1979).

Regional Differences between Eastern and Western Japan

Subsistence patterns, settlement patterns (especially, site density and amounts of artifacts
excavated from a site), and ceramic assemblages show pronounced differences between eastern Japan
and western Japan throughout the Jomon period. This is probably because subsistence and settlement
patterns in foraging societies are likely affected greatly by environmental conditions. These differences
are mainly due to environmental variation between the two regions (i.e!,deciduous forests in eastern
Japan and evergreen forests in western Japan).

These differences are summarized as follows.

1. Subsistence patterns. Isotope analysis of human bones (Akazawa and Minagawa 1989) and
the analysis of lithic assemblages (Akazawa 1981, 1986) suggest that during the Jomon period, the
dietary importance of nuts and other plant resources was greater in western Japan than in eastern
Japan, while that of fish and game animals (especially deer and boar) was greater in eastern than
western Japan. As noted, nut remains from Jomon sites suggest that nut processing (removal of the
tannic compounds) is more complex in eastern Japan (i.e., dominated by heating) than in western
Japan (i.e., dominated by leaching).

Thus, it is suggested that with the rich knowledge of plant

resource management, people in western Japan could accept rice farming more easily than those in
eastern Japan (Nishida 1986).
2. Settlement patterns.During the Jomon period, eastern Japan had a much higher site density
(sites per square kilometer) than western Japan, while during the Yayoi period western Japan had a
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much higher site density than eastern Japan (Koyama 1978). This dramatic change is explained by
differences in carrying capacity between the broadleaf coniferous forests of western Japan and the
mixed deciduous and conifer forests of eastern Japan (Koyama 1978). During the Jomon period,
eastern Japan had a higher carrying capacity than western Japan because the conifer forests of eastern
Japan yielded more abundant game, fish, and plant resources. In contrast, after wet-rice farming was
introduced, western Japan could support a larger population because the productivity of rice was not
very high in the higher latitude areas, especially before crossbreeding adapted rice to the colder
environment.
3.

Ceramic assemblages.

Ceramic assemblages vary between eastern and western Japan,

especially during the Late and Latest Jomon periods (4,000-2,300 B.C.). First, cooking vessels in
eastern Japan were more clearly differentiated in terms of relative height (the ratio of height to
maximum diameter) into bowl-shaped vessels and deeper jar-shaped vessels. The shallower bowl
shaped cooking pots were smaller in volume (mostly smaller than 10 liters) and had a polished
interior surface, while the deeper jar-shaped cooking pots were larger in volume (mostly over three
liters) and had a smooth interior surface. On the other hand, Late and Latest Jomon cooking pots
in western Japan were dominated by deep, jar-shaped pots with a thinned or smoothed interior
surface. Second, as is discussed in the next section, cooking pots in western Japan have thinner walls
than those in western Japan when pot volume is controlled.

Finally, western Japan had a higher

relative frequency of large (i.e.,over 10 liters) cooking pots than eastern Japan.
Considering these distinctive differences, it is important to compare western and eastern
Japan at each time period. However, ceramic assemblages suitable for the present analysis are limited.
Since the site density of the western Japan during the Jomon period is low, there are only a few sites
of the Late and Latest periods that yielded abundant whole or restorable cooking pots. The shortage
of whole or restorable pots in western Japan prevents the analysis of vessel volume, vessel form
(especially relative height), and use-alteration patterns.

Thus, the present analysis focuses on the
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Jomon-Yayoi transition in eastern Japan. The regional differences between western and eastern Japan
are discussed occasionally when enough data are available.

Yayoi Dietary Pattern
Increasing dietary importance of rice during the Yayoi period (between 300 B.C. and A.D.
300) is indicated by the following lines of evidence. First, rice paddies, which are identified by the
presence of dividing footpaths between paddies, have been found throughout the country (except for
Hokkaido) even in the Early Yayoi period. Studies of plant remains and the area of excavated rice
fields suggest that nutritive values (in terms of calories) of rice likely exceeded 50% at the diet by the
Late Yayoi period (ca. AD 100-300), in which iron farming tools became common.
Second, rice is the most prevalent botanical remain in the Yayoi period.

Because excavated

rice remains are all carbonized grains rather than husks, the probability that rice will survive
archaeologically is much lower than nuts, which are excavated as discarded shells. Thus, the relative
amount of rice to nuts consumed should have be much larger than that directly estimated from the
amount of preserved botanical remains. Carbonized rice grains have been excavated from 134 Yayoi
sites. All rice grains were of the Japonica, a medium/short grain variety (Sato 1988). However, the
dietary importance of other cereals (wheat, barley, millet) and tubers should also be considered.

It

is suggested that the Kanto district (central Honshu) showed a greater dependence on domesticated
plants other than rice partially because the geography of the district is dominated by plains.
Third, in the Yayoi period, storage facilities shifted from storage pits to granaries with an
elevated floor. Because subterranean pits are not suitable for storing rice, this fact also suggests that
the major food also shifted rapidly from nuts to rice.
Plant remains other than rice often found in Yayoi sites include nuts, non-rice cereals (wheat,
barley, barnyard millet, foxtail millet, and sorghum), gourds, and beans (Terasawa 1986).

The

prevalence of nuts in the plant assemblage reflects better preservation of nuts due to their hard shells.
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Because nuts are collected at almost the same time as the rice harvest, these nuts are likely to have
been collected as supplementary resources (i.e., preparing for bad harvests of rice) rather than as
major food sources. Thus, it is expected that the dramatic changes in major food resources (from nuts
to rice) likely impacted cooking and processing techniques in the following ways.

Changes in Processing Methods of Major Foods
Since most acorns and buckeyes need leaching and/or heating to remove poison tannic
compounds, cooking vessels are one of the most important processing tools. Because the removal of
tannic compounds by heating requires large amounts of water and because it is likely that large
amounts of nuts were processed at a time, it is expected that large cooking pots were used for nut
processing.
In contrast, rice does not need any processing except for husking.

Carbonized rice grains

excavated from Yayoi sites suggest storage are either in the form of stalks (or ears with the upper
portion of the stalks intact) or grains. The former method (rice without removing grains from ears)
is thought to have been more common for two reasons (Kinoshita 1988). First, carbonized bundles
of rice ears have been reported from 13 Yayoi sites, suggesting that rice was stored with ears intact.
Second, the common occurrence of granaries with an elevated floor in Yayoi villages indicates that
rice was stored there without being removed from ears. Such granaries with an elevated floor are
commonly used in Southeast Asia to store rice with stalks.

As among the Kalinga, rice can be

preserved longer when it is preserved without being removed from ears and stalks.

Thus, Yayoi

people likely stored rice with ears in the granaries, and rice grains were removed from ears and
unhusked for immediate consumption.

In sum, it is suggested that a need for large food-processing

vessels is greater in the Jomon period than in the Yayoi period.

Changes in Cooking Methods of Major Foods
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Nuts with tannic compounds (buckeyes and most acoms) are thought to have been cooked
in the form of flour for three reasons.

First, bread-like carbonized organic materials (ca. 10 cm in

maximum length) have been found at least seven Jomon sites (Matsutani 1983). Although their actual
nutritional composition is unknown, they are obviously made of starchy flours. Second, the common
occurrence of pestle and grinding stones suggests that some foodstuffs, possible nuts or tubers, were
ground into powder.

Third, ethnographic descriptions of nut consumption by temperate foragers

suggest that nuts were usually processed into flour for consumption (e.g.,California and Great Basin
foragers; see Ortiz 1991).
Starchy flours made from nuts can be cooked by four ways: 1) stew-like dishes in which
vegetables, fish, and/or meat are added to the flour base, 2) flour dough, shaped into balls, are boiled
in a pot, 3) ball or bread-shaped dough is steamed in a pot, and 4) flour dough is baked in an oven
s or by direct flame.

Among these four methods, steaming in a pot is unlikely to have occurred

frequently during the Jomon period because the cylinder bucket shape of Jomon pottery is not
suitable for receiving a rack on which to place the dough balls in the middle of the body. Sauteing
or frying of the dough balls is unlikely to have carried out during the Jomon period because sauteing
vessels (shallow pans) are lacking in Jomon ceramic assemblages, and because frying cannot be carried
out in permeable cooking vessels. Thus, it is likely that the bread-shaped carbonized foods were
cooked either by boiling in a pot, by baking in an oven, or by direct flame. Since most Jomon cooking
pots have a band of carbon deposits on the lower interior, they were used at least partially for
simmering in which water was nearly gone by the end of the heating process. Based on the above
facts, it can be hypothesized that starchy flours made from nuts are likely to have been cooked either
as stew- or mush-like dishes or as flour dough that was boiled in a pot with relatively small amounts
of water.
In contrast to nuts, rice is usually cooked in the form of grain rather than flour. Rice cakes
are the only dishes in which rice is cooked as a flour. These rice cakes are always made of glutinous
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varieties of rice. Because of its albumen content, rice is relatively hard and not easily pounded into
flour, and thus is more suitable to be boiled as grains (Okada 1993).
Rice can be cooked either as ordinary rice or as gruel. Since the analysis of carbonized rice
grains suggests that Yayoi rice was all medium/short varieties (Japonica; Sato 1986), ordinary rice is
likely to have been cooked by the dry-up method rather than the water-taking method (see Chapter
5).

In the dry-up method, rice is heated intensively until the water is almost gone, and is then

simmered without direct heat.

Cooking of rice gruel differs from ordinary rice cooking in the

following ways.
First, the pot retains abundant liquid until the end of the cooking episode.

As a result,

absorbing a greater amount of water, rice grains expand more than in ordinary cooking. Thus, a rice
gruel can satisfy the appetite with much smaller amounts of rice than ordinary rice cooking.
Considering that rice production in the Early and Middle Yayoi period is estimated to have been only
one-third to one-half of the amount necessary to support the population

(Terasawa 1986), the

necessity of increasing the volume of rice by adding larger amounts of water may be higher in these
periods than later.
Second, since the dry-up method of rice cooking needs simmering without direct heating, side
dishes can be cooked while the rice is simmered outside of the hearth. On the other hand, rice gruels
need no simmering and takes longer to heat. Thus, cooking of rice gruel is less time-efficient than
ordinary rice cooking in terms of a heating sequence of the staple rice and side dishes.
Third, ordinary-cooked rice can be reheated or eaten cold, whereas rice gruel cannot. Rice
gruel needs to be consumed immediately after heating, because it does not taste good when cold.
Considering these facts, it can be hypothesized that rice gruel is more adaptive when rice
production is insufficient to support the population, whereas ordinary rice cooking is more suitable
(in terms of scheduling of rice and side dish cooking, fuel costs, and treatment of leftovers) when
there are adequate amounts of rice available. In addition, the cooking method for rice gruel is similar
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to that of corn flour (stew-like cooking), and thus, the transition from nuts can be more gradual.

SELECTION OF CERAMIC ASSEMBLAGES
Jomon and Yayoi cooking pot assemblages were selected based on the following conditions.
First, in terms of geographic area, the Tohoku district (Aomori, Iwate and Miyagi prefectures)
and western Hokuriku district (Ishikawa prefecture of Honshu) were selected. As already noted, there
were regional differences in subsistence, settlement, and ceramic assemblages during the Jomon and
Yayoi period. The Tohoku district can represent eastern Japan during the Late and Latest Jomon
period, while the western Hokuriku district was located on the border between eastern and western
Japan.
Second, three time periods, Middle Jomon (4500-4000 B.P.), Latest Jomon (3000-2300 B.P.),
and Middle and Late Yayoi periods (ca. 2100-1700 B.P.), were selected for the examination of
temporal changes in ceramic assemblages. The Middle and Latest Jomon periods differ markedly in
the degree of differentiation within cooking pots: until the middle part of the Late Jomon period (ca.
3,500 B.C.), the presence/absence of incised decorative motifs is not correlated with vessel volume,
vessel shape, and interior polishing. After that time, cooking came to be differentiated into large
sized vessels without incised motifs nor interior polishing and small/medium-sized vessels with incised
decorative motifs and more intensive surface treatments by polishing. The large vessels tend to be
deeper (i.e.,having higher values of relative height or "height/maximum diameter.")
Third, ceramic assemblages whose time span is less than or equal to two pottery-type periods
were selected. This is because vessel form can change relatively rapidly, and thus, criteria for cooking
pots (in terms of relative height and neck constriction) can vary with pottery types. This point is
discussed in the next section.
Fourth, ceramic assemblages with more than 20 whole or restorable cooking pots with
measurable volume were selected. Volume, vessel shape (especially relative height), and use-alteration
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patterns can be examined only in whole or restorable pots.

The lower limit of 20 vessels was set

because vessel volume usually shows great variation.
Finally, ceramic assemblages from secondary refuses are selected. Thus, ceramic assemblages
consisting of de facto refuse vessels or burial pot assemblages were excluded even when they have
abundant whole or restorable vessels. This is because burial pots and de facto refuse during the
Jomon and Yayoi periods tend to contain fewer large pots than secondary refuse.
As a result of the above sampling procedure, six sites were selected for morphological
analysis: Takinosawa (Early/Middle Jomon period, Kitakami City Education Committee 1983) and
Kunenbashi (the Latest Jomon period, Kitakami City Education Committee 1977, 1978, 1979,1980,
1984,1985,1986,1987,1988), and Taruyanagi (Middle Yayoi period) sites in the Tohoku district, and
Yoneizumi (the Latest Jomon period), Nomoto (Middle Yayoi period), and Sogo (Late Yayoi period)
sites were selected in western Hokuriku district (Figure 9.1). Use-alteration analysis was conducted
on the ceramics from four of the six sites: use-alteration patterns cannot be analyzed in Taruyanagi
and Yoneizumi sites because of heavy abrasion on most pots’s surfaces in the Taruyanagi site, and
because of a shortage of whole or restorable pots (especially of large size, or over 10 liters) in the
Yoneizumi site.
Temporal changes are examined from Takinosawa (Early/Middle Jomon) through Kunenbashi
(Latest Jomon) to Taruyanagi (Middle Yayoi) sites in the Tohoku district, and from the Yoneizumi
site (Latest Jomon) through the Nomoto (Middle Yayoi) to the Sogo site (Late Yayoi) in the western
Hokuriku district. Takinosawa and Kunenbashi sites are less than one kilometer apart, whereas the
Taruyanagi site is distant from the two sites. In the Hokuriku districts, the Nomoto and Sogo sites
belong to the same site group (the distance between them is within two kilometers), and the
Yoneizumi site is also located within 10 kilometers of the two sites.
The Takinosawa site was occupied between the final part of the Early Jomon and the early
part of the Middle Jomon period (around 4,500 B.C.). A large amount of pottery was excavated from
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F igure 9.1

Tohoku District

Hokuriku district

Kinki District

Western Japan

Eastern Japan

(1) Ohdaira (Early Joeon, Tohoku)
(2) Narusawa (Early Joeon, Tohoku)
(3) Kaelo (Early Joeon, Tohoku)
(4) lta d o ea ri(2 ) (Early Joeon, Tohoku)
(5) Susueago (Early Joeon, Tohoku)
(6) Taklnosawa (Early/Middle Joeon, Tohoku)
(7) Kaeisato (Middle Joeon, Tohoku)
(8) Toeinosawa (2) (Middle Joeon, Tohoku)
(9) Kanoyashiki (Middle Joeon, Tohoku)
(10) Babase (Late Joeon, Tohoku)
(11) Sorl (Middle Joeon, Central Japan)
(12) Isawaone (Middle Joeon, Central Japan)
(13) Andoyashlki (L atest Joeon, Tohoku)
(14) Satohaea (L atest Japan, Tohoku)
(15) Surlhagi (L atest Joeon, Tohoku)
(16) Kunenbashl (L atest Joeon, Tohoku)
(17) Kenyoshi (L atest Joeon, Tohoku)
(18) Yoneizuel (Latest Joeon, Hokuriku)
(19) Shigasato (Latest Joeon, Kinki)
(20) Babano II (Middle Yayol, Tohoku)
(21) Yufunesawa (Middle Yayol, Tohoku)
(22) Taruyanagl (Middle Yayol, Tohoku)
(23) Isobe (Middle Yayol, Hokuriku)
(24) Noeoto (Middle Yayol, Hokuriku)
(25) Toeizu B (Middle Yayol, Hokuriku)
(26) Yoshizaki-Suba (Late Yayol, Hokuriku)
(27) Sainen-Minaeishlnbo (Late Yayol, Hokuriku)
(28) Sogo (Late Yayol, Hokuriku)
(29) Morigafuchi (Late Yayol, Hokuriku)
(30) Tokuzen C: 5th f ie ld season (Late
Yayol, Hokuriku)
(31) Tokuzen C: 2nd f ie ld season (Late
Yayol to EarlyKofun
(32) Takono (Late Yayol, Hokuriku)
(33) Fuyuno (Late Yayol to Early Kofun, Hokuriku)
(34) Uneda (Late Yayol to Early Kofun, Hokuriku)
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dump areas with no dwellings and pit structures. Deposition of a large number of whole or restorable
vessels in a limited area, like this site, is a characteristic of the Early and Middle Jomon period of the
Tohoku district (the so called "Cylinder pot culture").
The Kunenbashi site, occupied during the fourth and fifth stages of the Latest Jomon period
(ca. 600-400 B.C.), was located on the bank of the Waga river. Large amounts of artifacts were
dumped along the riverside, and the dumping area gradually shifted as the river retreated eastward.
The site yielded the largest number of whole or restorable pots (more than 3,000) among the Jomon
sites.

Cooking pots (wide-mouthed

jars) excavated from the whole site were used for the

morphological analysis, whereas vessels from four grids (B10, B ll, CIO, and C l l ; each grid is three
meters square) were selected for intensive use-alteration analysis.

The

Taruyanagi

site,

occupied during the middle and late stages of the Middle Yayoi period, is famous for the first
discovery of rice paddies in eastern Japan, which demonstrated that wet-rice farming diffused from
Kyushu island (southwestern Japan) to the northern end of Honshu very rapidly (probably within 100
years). Most whole and restorable pots analyzed here were excavated from ditches and footpaths
between the rice paddies. Depositional processes of these vessels differ from other sites in that the
frequency of whole or restorable vessels to unrestored sherds is higher than in ordinary midden
assemblages. Most pots were heavily abraded due at least partially to this depositional processes.
The Yoneizumi site, occupied during the second and third stage of the Latest Jomon period
(Nakaya stage; ca. 700-600 B.C.), yielded dwellings, storage pits, and middens in which more than
400,000 of buckeye and walnut shells were dumped. Whole or restorable pots were excavated from
various structures and midden areas, but the artifact density is lower than in the Takinosawa and
Kunenbashi sites. Thus, the number of restorable pots in which the presence/absence of the lower
interior carbon deposits can be identified is limited, especially for large vessels (over 10 liters).
The Nomote site, occupied during the middle/late stages of the Middle Yayoi period, and the
Sogo site, occupied during the middle stage of the Late Yayoi site, are located on the alluvial plain
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of the Tedori river. In both sites, many whole or restorable pots were excavated from a stream (or
a large ditch) running through the settlement, suggesting that the stream was used for dumping.
In the analysis of vessel volume, 30 sites (see Figure 9.1) were added to the above six sites
to increase the sample size of pots for two reasons. First, since a type of pot usually occurs in various
sizes, volume composition usually shows much greater variation between assemblages than vessel form.
Thus, it is useful to examine the degree of variation in the volume distribution of cooking pots for
each time-space unit.

Second, because the volume composition of a ceramic assemblage is more

susceptible to sampling error (e.g., the degree of mending and the selection for drawing), it is
necessary to cross-check the representativeness of the data. However, the present analysis suffers from
a shortage of Jomon assemblages in the western Hokuriku district which satisfy the above conditions:
there are no Middle Jomon sites and only one Latest Jomon site (the Yoneizumi site) that meet the
above conditions.

Thus, the volume composition of Shigasato site (the Latest Jomon period, Shiga

prefecture) is added to supplement the Hokuriku Jomon assemblage.

ANALYSIS OF VESSEL SHAPE

Attributes Analyzed
The analyses of ethnographic cooking vessels (see Chapter 2 , 5 , and 7) suggest that neck
constriction (or cylindrical or globular body shape), relative height (taller or squatter), wall thickness,
and volume reflect ways of cooking more sensitively than other attributes.

Neck constriction can be

an indicator of ease of access (the frequency of stirring), use frequency of a cover, efficiency of
preserving heat by delaying evaporation, and ease of holding a hot pot during removal from the fire.
Relative height and body shape are indicators of heat receptive efficiency, the direction of heat (from
the base or sides), and water level (the amount of contents relative to the vessel volume).

Wall
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thickness is an indicator of thermal conductivity and heat retention.

Finally, vessel volume can be

affected by such parameters as amounts of food cooked, water level, and heating method (whether
boiling overflow should be avoided, or not). Based on these facts, the range and variation (the degree
of differentiation) in neck constriction and relative height are examined in the six Jomon and Yayoi
cooking pot assemblages.

Selection of Cooking Pots
Because vessel shape is relatively constant among assemblages in the same time-space units,
each time-space unit can be represented by a small number of sites. In each site, "cooking pots" are
distinguished from serving (shallow bowls) and storage (necked jars) vessels based on relative height
and neck constriction in the following ways.
1. Distinction of storage vessels (necked jars) from cooking and serving vessels.

As

ethnographic cross-cultural comparisons suggested, storage jars can be separated from cooking and
serving vessels on the basis of neck constriction (see Chapter 2 and 5).

Thus, storage pots are

isolated when there is a bimodal pattern observed in the distribution of neck constriction (neck
diameter/maximum body diameter xlOO). The distribution of neck constriction in the Kunenbashi
assemblage shows a clear bimodal distribution with a lower mode at around 70 (Figure 9.2). Thus,
in the Kunenbashi site, a necked jar is defined as one having neck constriction ratio less than 70. The
Takinosawa assemblage does not contain necked jars (specialized storage vessels): storage vessels
(necked jars) appeared during the Late Jomon period. In the Taruyanagi, Yoneizumi, Nomoto, and
Sogo sites, necked jars can be distinguished from wide-mouthed jars and shallow bowls relatively easily
in terms of neck constriction (divided at the lower mode at 60), surface treatment, and exterior body
decoration.

The distribution of neck constriction is not illustrated for the four sites because the low

number of necked jars.
2. Distinction between serving and cooking vessels. As ethnographic comparisons suggested,
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cooking pots can be distinguished from serving bowls on the basis of relative height (height/ maximum
diameter x 100) (see Chapter 2). The distribution of relative height of cooking and serving vessels
shows clear bimodal patterns in the Kunenbashi (with a lower mode at around 50) and Yoneizumi
(lower mode at 70) sites (Figure 9.4). The frequency of carbon deposition on the exterior (soot
deposition) and/or interior (deposits of organic materials) surfaces in the Kunenbashi site coincide
with the relative height in that vessels with a relative height of less than 50 lack carbon deposits
(Figure 9.3).
The volume distribution of the Taruyanagi assemblage does not show a clear bimodal pattern
(having multiple lower modes around 80 and 50) probably due to a smaller sample size (n=60).
Examination of sooting and interior carbon deposits (reported in the site report) suggests that vessels
with a relative height ratio of less than 50 lack carbon deposits, whereas those above 50 have carbon
deposits in relatively high frequencies. Thus, in the Taruyanagi site, cooking pots are defined as those
whose relative height is over 50.
The distribution of relative height is not illustrated for the Takinosawa, Nomoto, and Sogo
sites due to the small number of shallow bowls. However, in the Middle Jomon and Yayoi periods,
cooking pots and serving bowls are very easily distinguished by relative height: these two types are
separated at a lower mode of 80 in the Nomoto and Sogo assemblages, and at 50 in the Takinosawa
assemblage.

These facts show that the definition of cooking pots varies with time-space unit,

suggesting that it is necessary to define cooking pots in each assemblage, rather than applying a
standardized definition to all assemblages.

Neck Constriction
The distribution and degree of differentiation in neck constriction are compared among the
six assemblages (Figure 9.5). Neck constriction becomes more distinctive from the Middle Jomon
(Takinosawa), through the Late Jomon (Kunenbashi and Yoneizumi) to the Yayoi period (Taruyanagi,
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Nomoto, and Sogo) (see mean of the neck constriction ratio in Figure 9.5). As neck constriction
becomes more pronounced, the standard deviation of the neck constriction ratio becomes higher,
suggesting that neck constriction becomes more diversified: in fact, three Jomon assemblages show
a unimodal distribution pattern, whereas three Yayoi sites show a bimodal distribution pattern with
a lower mode at 85. This bimodal pattern tends to be clear from Middle Yayoi (Taruyanagi and
Nomoto) to Late Yayoi period (Sogo).

In sum, it can be said that cooking pots tend to be more

constricted in necks and were more clearly differentiated by neck constriction from Jomon to Yayoi.

Relative Height
Cooking pots in the Middle Jomon period (Takinosawa assemblage) are mostly cylindrical
and tall (i.e.,height is greater than maximum diameter, or relative height ratio is above 100). In the
Late Jomon period (Kunenbashi and Yoneizumi), shallower cooking jars with a relative height ratio
of less than 100 increased dramatically (Figure 9.6). Distribution of relative height in the Kunenbashi
assemblage shows a bimodal pattern with a lower mode around 100. As is discussed below, shallower
jars tend to be smaller in volume than, taller ones (Figure 9.11).

In Figure 9.6 (Kunenbashi

assemblage), the second peak for the taller group is less distinctive than the first peak (around 80)
because larger vessels tend to be underrepresented due to the difficulty of restoration.

It is expected

that the second peak (deeper jars) should be much higher if unrestored sherds could be reconstructed.
The frequency of deeper jars (relative height ratio above 120) in the Yoneizumi assemblage is also
likely underrepresented for the same reason. Thus, cooking pots in the Latest Jomon period tend to
be differentiated by relative height and volume into smaller and shallower jars and larger and deeper
ones. This increase in the frequency of shallower (and smaller) cooking vessels is one characteristic
of the Late and Latest Jomon periods in eastern Japan.
Yayoi cooking pots are dominated by taller jars (relative height ratio above 100). Shallower
jars decreased rapidly from the Latest Jomon to the early Yayoi cooking vessel assemblages. Among
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the Middle Yayoi assemblages, the Tamyanagi assemblage (Tohoku district) retains more shallower
jars than Nomote ones (Hokuriku district). This fact coincides with a general tendency: Yayoi culture
in the Tohoku district retains more Jomon characteristics than that in the Hokuriku district.

Differentiation by Vessel Shape
The above analyses suggest that Middle Jomon cooking pots do not show a clear
differentiation either by neck constriction or relative height. The Latest Jomon cooking pots tend to
be differentiated into shallower and smaller jars and taller and larger ones. On the other hand, Yayoi
cooking pots tend to be differentiated by neck constriction rather than relative height.

ANALYSIS OF VESSEL VOLUME

Method
As noted, analysis of vessel volume is based on 34 sites. The additional 29 sites were selected
based on the same criteria as for the six sites. The site sample consists of nine Early/Middle Jomon,
six Late and Latest Jomon, and three Yayoi sites in Tohoku district, and one Latest Jomon site
(Yoneizumi site) and 12 Middle and Late Yayoi sites in Hokuriku district (Figure 9.1). In addition,
two Middle Jomon sites in Central Japan district (Nagano prefecture) and one Latest Jomon site in
the Kinki district are included to supplement the shortage of Hokuriku Jomon samples.
volume was measured by using a method presented by Senior and Burnie (1995).

Vessel

Size class

composition, the degree of differentiation by volume, and variation among assemblages are examined
for each time-space unit (Figure 9.7).
Volume differentiation is examined by using line graphs (dots without lines) in which vessels
are aligned by volume (Figure 9.8). The degree of volume differentiation is judged by the presence
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Figure 9.7
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Figure 9.8c Distribution of volume: Yayoi period in Hokuriku d i s t i r c t
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of gaps in the alignment of dots (see Rohn 1971). In the analysis of size composition, vessel volume
is categorized into six classes: 1) less than 1 liter (SI size), 2) between 1 and 2 liters (S2 size), 3)
between 2-6 liters (M l size), 4) between 6 and 10 liters (M2 size), 5) between 10 and 20 liters (L size),
and 6) over 20 liters (LL size). The five cut-off points (1, 2, 6, 10, and 20 liters) are selected for the
following reasons. First, SI and S2 sizes are divided at one liter because the presence of vessels less
than one liter is a characteristic of the Latest Jomon cooking pot assemblages in eastern Japan.
Second, S and M sizes are divided at 2 liters because Yayoi vessel assemblages tend to be
differentiated into small and medium sizes with the lower mode at 2 to 3 liters. Third, M and L sized •
are divided at 10 liters because many Jomon and Yayoi assemblages show a distinctive gap in volume
distribution around 10 liters.

Early/ Middle Jomon Period in Tohoku District
Size class composition is characterized by higher frequencies of L and LL sizes than other
time-space units: L and LL sizes comprise over 10% in seven of nine assemblages. The frequency of
S size (less than 2 liters) is lower than in Latest Jomon period: S size vessel comprises less than 20%
in Early Jomon assemblages (Ohdaira, Narusawa, Kamio, Itadomari, and Susumago sites) and around
20% in Middle Jomon assemblages (Tominosawa, Kanoyashiki, and Kamisato sites).

Thus, the

relative frequency of S size vessels increases from Early through Middle to Late/Latest Jomon period.
Early/Middle Jomon cooking pots are most clearly differentiated around 10 liters when
assemblages that contain a large number o f L and LL size (i.e.,over 10 liters) vessels are examined:
Takinosawa, Sori, and Yosukeone assemblages show a gap around 10 liters, and the Kamisato
assemblage also shows a gap in the volume distribution around 8-9 liters.
When the volume differentiation within S and M sizes (i.e.,less than 10 liters) is examined,
the Narusawa, Itadomari, Susumago, and Kanoyashiki assemblages show a gap at around 5 liters,
whereas the Ohdaira and Kamio assemblages show a gap at around 6-7 liters. In addition, the Sori
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assemblage (Central Japan district) shows gaps at 4 and 7 liters, and Middle Jomon samples in the
Tokyo area (data presented by Kuroiwa 1988) has the most distinctive gap at around 3 liters. Thus,
it can be said that Early/Middle Jomon cooking pots of less than 10 liters tend to be differentiated
into two size classes, but the cut-off point varies with assemblages.

Latest Jomon Period in Tohoku District
The size class composition of the Latest Jomon assemblage is characterized by an increase
in SI size (less than 1 liter). The relative frequency of L and LL sizes (i.e.,over 10 liters) does not
decrease: over 10% in five out seven assemblages. Instead, the frequency of S2 and M sizes (2 to 10
liters) decreases from the Early/Middle Jomon period.
In assemblages that contain a large number of L and LL (i.e., over 10 liters) vessels
(Kunenbashi, Surihagi phase 6, and Surihagi phase 7), there is a distinctive gap in volume distribution
at around 10 liters.

Although the presence of the gap cannot be observed in the other five

assemblages due to a shortage of L and LL vessels, it can be expected that the differentiation into
below and above 10 liters is common in the Latest Jomon assemblages.

Thus, size composition

(decrease in the frequency of 2 to 10 liters) and the presence of a gap around 10 liters suggest that
the volume differentiation at around 10 liters becomes more distinctive from the Early/Middle Jomon
to the Latest Jomon period.
Within S and M sizes (less than 10 liters), a gap in volume distribution can be observed either
around five liters (Satohama and Kunenbashi) and/or around 3 liters (Andoyashiki and Kunenbashi),
suggesting that, like the Early/Middle Jomon assemblages, the cut-off point varies with assemblages.

Yayoi Period in the Tohoku District
The frequency of SI vessels (less than 1 liter) in the Babano assemblage (early part of Middle
Yayoi period) is as high as in the Latest Jomon assemblages, but it decreases in the Taruyanagi and
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Yufunesawa assemblages (later part of the Middle Yayoi period).Middle/Late Yayoi assemblages in
Tohoku district show higher relative frequencies of M2, L, and LL vessels than contemporary
Hokuriku assemblages.

This fact suggests that Yayoi assemblages in the Tohoku district show a

greater similarity to Jomon assemblages than to Hokuriku Yayoi assemblages.
A distinctive gap is observed at around 3 liters in all three assemblages.

Thus, volume

differentiation within S and M sizes (i.e., less than 10 liters) in Yayoi assemblages becomes more
pronounced than in Jomon assemblages in that the gap becomes more distinctive, and that the
location of the lower mode (around 3 liters) does not vary with assemblages.

Latest Jomon Period in Hokuriku District
The size class composition of the Yoneizumi assemblage is similar to that of the Latest
Jomon assemblages in Tohoku district in that L/LL sizes (over 10 liters) and SI size (less than 1 liter)
comprise about 20% each. Volume distribution of the Yoneizumi assemblage show gaps around 5
liters, 7-8 liters, and 11 liters. Among them the gap around 3 liters is the most distinctive and roughly
coincides with the differentiation into shallower and deeper jars.
Size composition of the Shigasato assemblages (Shiga prefecture) is characterized by its high
frequency (over 50%) of L and LL sized (i.e., over 10 liters) vessels, which is much higher than in
other time-space units.

Yayoi Period in Hokuriku District
Size class composition

of the Hokuriku Yayoi assemblages is characterized

by lower

frequencies of L/LL vessels (i.e., less than 10 liters): a frequency of less than 5 % in 10 of 12 sites.
The frequency of SI vessels (less than 1 liter) also decreases dramatically (less than 10% in most
assemblages) from the Latest Jomon assemblages (Yoneizumi assemblage).
Most assemblages show a pronounced gap at around 3-4 liters in volume distribution: the gap
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is observed at around 3 liters in the Isobe, Yoshizaki-suba, Sainen-Minamishinbo, Sogo, Morigafuchi,
Fuyuno, and Uneda assemblages.

The Nomoto assemblage also shows a less pronounced gap at

around 3 liters. Only three of 12 assemblages (Tomizu C, and Tokuzen-2, and Tokuzen-5) lack the
gap at around 3-4 liters. In addition, volume differentiation (or size standardization) becomes more
distinctive from Middle/Late Yayoi to the final Yayoi (including Early Kofun) periods.

Discussion
Based on the above analyses, temporal changes and spatial variation are examined in terms
of a) frequency of L/LL sized vessels (over 10 liters), b) frequency of SI sized vessels (less than 1
liter), and c) the degree of volume differentiation.
1. Frequency of L/LL sized vessels.. In Tohoku district, L/LL cooking pots comprise around
20% in Early/Middle Jomon, Late/Latest Jomon, and Yayoi periods with no pronounced variation.
On the other hand, in the Hokuriku and Kinki districts, the frequency of L/LL sized vessels decreased
drastically from the Latest Jomon to Yayoi periods. Thus, temporal changes from the Jomon to Yayoi
period in the frequency of L/LL sized vessels were more pronounced in the Hokuriku and Kinki
districts (or western Japan) than in the Tohoku district (or eastern Japan).
2.

Frequency of SI vessels. In the Tohoku district, the frequency of SI vessels (less than

1 liter) increased from the Early/Middle Jomon to the Late/Latest Jomon period, and then decreased
to the Yayoi period. In contrast, in Hokuriku and Kinki districts, the frequency of SI sized vessels
was low throughout the Jomon and Yayoi periods. Thus, the presence of abundant SI vessels is a
characteristic of the Latest Jomon period in the Tohoku district, which is also characterized by
sophisticated decorative techniques and intensive surface treatments (polishing, burnishing, and red
paint coverage).
3. The degree of volume differentiation.

Gaps in volume distribution are most pronounced

around 10 liters (differentiation between S/M and L/LL sizes) and around 3 liters (differentiation
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between S and M size within vessels less than 10 liters). Differentiation around 10 liters is commonly
observed in the Tohoku district throughout the Jomon and Yayoi periods. On the other hand, it is
difficult to determine if Jomon assemblages in Hokuriku district were differentiated clearly into S/M
and L/LL sizes due to the shortage of assemblages available for the volume analysis.

The

differentiation around 10 liters is not clear in Yayoi assemblages of the Hokuriku district because of
the very low frequency of L/LL sized vessels (less than 5% in most assemblages).
Volume differentiation within S/M cooking pots (less than 10 liters) became more pronounced
from the Early/Middle Jomon period (location of the gap in volume distribution varies with
assemblages), through the Latest Jomon period (location of the gap in volume distribution tends to
vary with assemblages, but the volume differentiation is correlated with differentiation in relative
height; i.e .,th e S/M vessels are differentiated into smaller shallower jars and larger taller jars), to
Yayoi period (the gap in volume distribution around 3 liters is observed more distinctively in most
assemblages).

WALL THICKNESS
In comparing wall thickness among ceramic assemblages, it is important to control volume
as well as consider variation in wall thickness between different parts of a vessel. Thus, wall thickness
is measured from original vessel illustrations
measurements

(real scale) for vessels with volume data.

were taken from the upper body.

The

Among the six assemblages used for the

morphological analysis, the Yoneizumi and Taruyanagi assemblages were excluded because original
vessel illustrations were not available and pots were not accessible to measure actual volumes.
Average wall thickness is calculated for each volume cohort (1 liter intervals).

As a result, the

following patterns were observed (Figure 9.9).
First, overall wall thickness tends to decrease from the Takinosawa (Middle Jomon) through
the Kunenbashi (Latest Jomon) and Nomoto (Middle Yayoi) to the Sogo assemblage (Late Yayoi).
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Considering that the Latest Jomon vessels in the Tohoku district tend to be thinner than those in the
Hokuriku district (e.g., Yoneizumi assemblage), it can be said that wall thickness became thinner
through time in both Tohoku and Hokuriku districts.
Second, Jomon cooking pots (Takinosawa and Kunenbashi assemblages) become thicker as
their volume increases. On the other hand, the increase in wall thickness for Yayoi cooking pots is
not as pronounced as that for Jomon cooking pots. As a result, SI vessels (less than 1 liter) in the
Kunenbashi assemblage tend to have thicker walls than those in the Nomoto and Sogo assemblages.
This is because the walls of Yayoi cooking pots, especially of M and L/LL sizes, were thinned by
interior scraping, whereas Jomon cooking pots were not.

Jomon cooking pots have identifiable

undulations on the interior surfaces at the points of conjunctions of clay coils. On the other hand,
lack of undulations on the interior surfaces of Yayoi cooking pots clearly indicates the use of scraping.
It should be noted that some Latest Jomon vessels, especially necked jars, have thin walls produced
by interior scraping, suggesting that the thicker walls of Jomon cooking pots resulted from functional
necessity rather than less developed pot-making technology.

SURFACE TREATMENT
Because
quantitative

interior

surface treatments

data are not presented.

of each assemblage

are relatively standardized,

Most Takinosawa cooking pots have a polished surface.

Differentiation in surface treatment into polished surfaces (mostly S/M cooking pots) and smoothed
surfaces (mostly L/LL cooking pots) occurred during the later part of Late Jomon period and Latest
Jomon period in the Tohoku district (e.g..Kunenbashi assemblage). Middle/Late Yayoi cooking pots
(Nomoto and Sogo assemblages) do not have polished interior surfaces, and are dominated by scraped
surfaces or surfaces smoothed by wooden tools. Thus, polished interior surfaces were replaced by
scraped

(thinned)

surfaces

from the

Middle Jomon

(Kunenbashi), to the Yayoi (Nomoto and Sogo) period.

(Takinosawa),

through

Latest

Jomon
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TEMPORAL AND SPATIAL VARIATION IN MORPHOLOGICAL

DIFFERENTIATION

Based on the above results, changes in the degree of morphological differentiation from the
Jomon to the Yayoi period, and spatial variation between the Tohoku and Hokuriku districts are
examined. After correlations among neck constriction, relative height, and volume are examined, the
degree of morphological differentiation is compared among the six assemblages.

Correlations among Neck Constriction, Relative Height, and Volume
The degree of correlation among the three attributes is compared in terms of the coefficient
of a regression line and the probability of correlation (Figure 9.13, Table 9.1). In the graphs (Figure
9.13) the degree of correlation becomes higher as a dot is closer to the upper left comer, and becomes
lower as the dot is closer to the lower right. The following points can be observed from Figure 9.1013.
First, in the Sogo assemblage, neck constriction and volume show a negative correlation (i.e.,
larger pots tend to have more constricted necks) for S and M vessels (i.e.,less than 10 liters), whereas
the correlation turns positive (i.e., larger pots tend to have a wider neck) for vessels over 10 liters
(Figure 9.10).Considering that L/LL cooking pots in the Sogo assemblage tend to lack interior carbon
deposits, they are likely to have been intended for different kinds of cooking from S and M cooking
pots. Thus, vessels over 10 liters are excluded from the analyses of the Sogo assemblage.
Second, the degree of correlation between neck constriction and relative height becomes
greater in the order of the Yoneizumi, Takinosawa, Kunenbashi, Tamyanagi, Nomoto, and Sogo
assemblages.

Thus, in both Tohoku and Hokuriku districts, cooking pots tend to be differentiated

into squatter and wider-mouthed jars (i.e.,m ore cylindrical jars) and taller and more constricted jars
(i.e.,m ore globular jars) through time.
Third, the degree of correlation between neck constriction and volume rises over time, in the
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order o f Middle Jomon (Takinosawa), Latest Jomon (Kunenbashi and Yoneizumi), Middle Yayoi
(Taruyanagi), and Late Yayoi (Sogo; less than 10 liters). This fact suggests that cooking pots tend
to become differentiated into smaller and less constricted jars and larger and more constricted jars
from the Jomon to the Yayoi period.

Fourth, the strength of correlation between relative height

and volume becomes higher in the order of the Taruyanagi, Yoneizumi, Takinosawa, Kunenbashi, and
Sogo assemblages (less than 10 liters).

This fact suggests that the Latest Jomon cooking pot

assemblages tend to be differentiated into shallower S/M jars and deeper L jars, and that some Yayoi
cooking pot assemblages (Sogo assemblage) are differentiated into S-size squatter jars and M-size
more spherical jars.

The Degree of Morphological Differentiation
Middle Jomon assemblages (Takinosawa) tend to be differentiated by volume into S (less than
3-5 liters), M, and L/LL (over around 10 liters) sizes, but the cut-off point between the S and M sizes
varies by assemblage. Furthermore, this size differentiation does not correlate with neck constriction,
relative height, or interior surface treatment.
The Latest Jomon assemblages (Kunenbashi and Yoneizumi) tend to be differentiated in
volume, relative height, and interior surface treatment into large taller jars without interior polishing
and smaller shallower jars with polished interior surfaces.

In Tohoku

district (Kunenbashi

assemblage), the degree of differentiation is more pronounced than the Middle Jomon assemblages
(Takinosawa assemblage) in that volume differentiation is correlated with in relative height and
interior surface treatment, and that a decrease in the frequency of M2 size (6 - 10 liters) makes the
volume differentiation between L/LL and S/M sizes more pronounced.

On the other hand, the

Yoneizumi assemblage does not show a clear correlation between volume and relative height due to
the shortage of restorable L/LL vessels.
Middle Yayoi assemblages

(Nomoto

and Taruyanagi)

are characterized

by marked
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differentiation into S, M, and L/LL in terms of volume and neck constriction. Although the frequency
of L/LL vessels (over 10 liters) is low, there is a clear gap in volume distribution between M and L/LL
sizes. Differentiation into S and M sizes becomes more pronounced than Jomon assemblages in that
the cut-off point (or the location of the lower mode in volume distribution) becomes not only more
distinctive but also constant (around 3 liters) among assemblages in many districts. These two size
classes are highly correlated with neck constriction, but not with relative height. As a result, vessels
less than 10 liters are clearly differentiated into S-size jars with wider necks and M-size jars with
constricted necks. Differentiation in relative height is not clear because of the marked decrease in
the frequency of SI vessels (less than 1 liters) most of which occur as shallow jars.
Late Yayoi assemblages (Sogo) are also characterized by marked differentiation into S, M,
and L/LL sizes in terms of volume, neck constriction, and relative height. Differentiation between
S/M and L/LL cooking pots becomes more distinctive than Middle Yayoi assemblages, in that neck
constriction and relative height in L/LL vessels are negatively correlated with volume, whereas they
are positively correlated with volume in S/M sized vessels. This suggests that L/LL cooking pots were
intended to have different functions from S/M-size ones.
volume, neck constriction,

Thus, in analyzing correlations among

and relative height, L/LL vessels were excluded.

In most Yayoi

assemblages, vessels less than 10 liters are markedly differentiated into S and M sizes with a lower
mode at around 2-3 liters. In Middle and Late Yayoi period, location of the lower mode tends to be
at around 3 liters, whereas it shifts to around 2 liters in the final stages of the Late Yayoi periods.
The two size classes are highly correlated with neck constriction arid relative height, and thus, the
assemblages are differentiated into S size jars with wider neck and a squatter body and M size jars
with constricted neck and a more spherical body.
Temporal changes in the degree of differentiation are summarized in Table 9.2.These changes
can be summarized as 1) an increased degree of differentiation into S- and M-size vessels, and 2) the
shift from differentiation in relative height to that of neck constriction.
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USE-ALTERATION

ANALYSIS

Method
Use-alteration patterns are examined in the Takinosawa, Kunenbashi, Nomoto, and Sogo
assemblages, focusing on 1) frequency of interior carbon deposits, 2) location of interior carbon
deposits, and 3) thermal spalling. In each assemblage, cooking pots in which carbon patterns on the
lower interior body can be observed are selected for the use-alteration
patterns

analysis.

Use-alteration

were examined and categorized by the author using the same criteria for the four

assemblages.

Use-alteration

patterns for each vessel were illustrated in vessel drawings in two

(interior and exterior surfaces) or four (left and right sides of each surface) sides. Illustrations for the
Kunenbashi, Nomoto, and Sogo assemblages are presented in Figures 9.15-17.
In the Takinosawa assemblage, 124 whole or restorable jars excavated in the first field season
were examined. This sample includes 13 vessels that lack exterior sooting and interior carbon deposits
(i.e., were not used for heating) and 12 vessels in which the presence/absence of carbon deposits on
the lower interior is unknown due to lack of lower body and basal parts. Because the latter 12 vessels
have exterior soot deposits but lack carbon deposits on the upper and middle interior, they are
classified as Carbon type 1/2 (see below).
The Kunenbashi assemblage contains a large number of whole or restorable vessels in which
carbon patterns can be observed.

Thus, close observation of carbon patterns was restricted to 46

vessels excavated from four grids (BIO, B l l , CIO, and C l l ; each grid is 2 meters by 2 meters). This
sample (Figure 9.14, Table 9.4) includes 5 vessels that lack both exterior sooting and interior carbon
deposits. In analyzing the frequency of interior carbon deposition, 313 vessels excavated during the
8th and 10th field seasons (see Figure 9.14) were used.
In the Nomoto and Sogo assemblages, all whole or restorable jars (19 vessels from Nomoto
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and 24 vessels from Sogo) were used for intensive use-alteration analysis. There are no vessels in
entire assemblage that lack both exterior sooting and interior carbon deposits.

Frequency of Interior Carbon Deposits
Because the present analysis aims at demonstrating differentiated uses among cooking vessels,
the frequency of interior carbon deposits is based on vessels that have exterior soot deposits; in other
words, vessels that lack both exterior sooting and interior carbon deposits (i.e., vessels that were not
used over flames) were excluded.

The frequency of interior carbon deposits is 75.7% (84 of 111

vessels) in Takinosawa, 85.8% (259 of 302 vessels) in Kunenbashi (for reference, 38 of 41 vessels in
4 grids sample), 100% (n= 19 vessels) in Nomoto, and 79.2% (19 of 24 vessels) in the Sogo
assemblage.

As discussed below, the Nomoto assemblage lacks vessels without interior carbon

deposits probably because there is only one SI (less than 1 liter) and one L/LL (over 10 liters) vessel:
the frequency of interior carbon deposits is generally low in these two size classes.
Next, relationships

between the frequency of interior carbon deposits and volume are

examined (Table 9.3, Figure 9.14). In calculating the frequency, vessels without interior carbon
deposits are excluded. The frequency of vessels without interior carbon deposits is highest in M2 size
(6-10 liters) in the Takinosawa assemblage, SI (less than 1 liter) and M2 (6-10 liters) sizes in the
Kunenbashi assemblage, and L/LL (over 10 liters) and SI (less than 1 liter) sizes in the Sogo
assemblage. The number of SI and L/LL vessels (one each) is too small for examining the frequency
of carbon deposits. Based on these facts, the following temporal changes can be observed.
First, in both Latest Jomon and Yayoi assemblages, SI cooking pots have lower frequencies
of carbon deposition, suggesting that they had as slightly different intended functions than the larger
sized vessels.
Second, the frequency of interior carbon deposits in L/LL vessels is higher in the Takinosawa
(77.0%) and Kunenbashi (95.8%) assemblages than in the Sogo assemblage (0%). Although the L/LL
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Lower interior

none
none
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1
1
0
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1
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1
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3 (+2)
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6

2
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3
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0
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7
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1
1
0
1
0
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Table 9.3
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1
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2
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vessels in the Sogo assemblage is represented by only two vessels, brief examination of other Yayoi
assemblages suggests that L/LL Yayoi pots generally show lower frequencies of interior carbon
deposits than L/LL size Jomon pots.

Thus, L/LL vessels in the Sogo assemblage tend to be

differentiated from S and M vessels not only in morphological features but also in carbon patterns.
Third, the frequency of interior carbon deposits is lower in M2 (6-10 liters) in Takinosawa,
M2 and SI (less than 1 liter) sizes in Kunenbashi, and in L/LL (over 10 liters) and SI (less than 1
liter) sizes in the Sogo assemblage.

The reason for the lower frequency in M2 size vessels in

Takinosawa and Kunenbashi is unknown, and may due to smaller sample sizes. Thus, differentiation
by size classes in terms of interior carbon deposition is most pronounced in the Sogo assemblage in
that SI and L/LL vessels tend to be used differently from the dominating S2 and M vessels. In
contrast, the Takinosawa assemblage is least differentiated in that the frequency of interior carbon
deposits in SI and L/LL vessels is as high as in S2 and M vessels. The Kunenbashi assemblage shows
an intermediate degree of differentiation between the Takinosawa and Sogo assemblages in that SI
vessels have a lower frequency of carbon deposits than larger vessels.

Location of Interior Carbon Deposits
Location, shape, and intensity of interior carbon deposits, exterior sooting, and exterior soot
oxidation are observed. As in use-alteration analysis of Kalinga cooking pots (Chapter 8), location
of a use-alteration attribute is recorded as upper, middle, or lower part of the body, or a combination
of these. The shape of use-alteration materials is categorized into "a complete band," "a discontinuous
band," "a cluster of patches," or "independent patches." The intensity of carbon deposition and sooting
is expressed by thickness and color (darkness).

In terms of thickness, the carbon and soot deposits

are categorized into those absorbed into the surface, those which form a thin layer, and those which
form a thick layer. The color (darkness) of the deposits is classified into light (brown), dark (dark
gray, dark brown, and light black), and black.
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Based on the location and area of interior carbon deposits, interior carbon deposition can be
categorized into the following types: Type 0: Both interior carbon deposits and exterior sooting are
absent. The vessel was not used over a fire.
Type 1: Exterior sooting is present but interior carbon deposits are absent.

The vessel is

likely to have been used for heating liquid or soup-like cooking.
Type 2: Interior carbon deposits, mostly forming a band, are present only on the lower
interior. The vessel was used for stew/mush-like cooking or rice cooking, in which water is gone by
the end of heating.
Type 3: A band of carbon deposits is present on the upper and/or middle interior. The lower
interior may have carbon deposits that are less intensive than the upper/middle ones. The carbon
deposits on the upper/middle interior are likely to have formed above water line. The vessel is likely
to have been used for soup-like cooking or boiling with abundant water.
Type 4: A band of carbon deposits is present on the lower interior, and patches of carbon
deposits are present on the upper and/or middle interior. Carbon patches on the middle interior were
formed either above or below the water line.
Type 5: A wide band of carbon deposits extends from the upper/middle to the lower interior.
Carbon deposits on the lower interior were formed below the water line, whereas those on the
middle/upper interior were formed either below or above the water line.
In categorizing vessels into the above types, it should be remembered that the areas that
receive intensive heat vary with vessel size: assuming constant height of flames, smaller vessels tend
to have intensive heat up to higher areas than larger vessels. Thus, other conditions being equal,
smaller pots tend to have more carbon types 4 and 5 and fewer carbon type 2 than larger pots.
Carbon type composition shows the following differences among the four assemblages.
First, the carbon type composition of the four assemblages is compared by using S2 and M l
sizes (1 to 6 liters).

S2 and M l sizes are most suitable for the comparison because the frequency of
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SI vessels is low in Takinosawa, and because that of M2 and L/LL vessels is low in the Nomoto and
Sogo assemblages.

As a result, the dominating carbon types vary with assemblages: type 2 in

Takinosawa (Middle Jomon), type 5 in Kunenbashi (Latest Jomon), types 4 and 5 in Nomoto (Middle
Yayoi), and type 4 in the Sogo (Late Yayoi) assemblage.

Thus, the relative width of carbon areas

(bands) tends to be wider from Middle Jomon (Takinosawa) to Latest Jomon (Kunenbashi), and then
reduced through Middle Yayoi to Late Yayoi period (Sogo). This fact may suggest that the Latest
Jomon (Kunenbashi)

cooking pots were heated by higher flames or more frequently used for

prolonged heating than Yayoi cooking pots.
Second, dominant carbon types for L/LL (over 10 liters) vessels shifts from type 2 in Middle
Jomon (Takinosawa) through type 4 in Latest Jomon (Kunenbashi) to type 0 in Late Yayoi period
(Sogo). This fact suggests that L/LL vessels in the Jomon period were more frequently used for stewor mush-like cooking than those in the Yayoi period.
Third, the frequency of type 3 (i.e., vessels that are frequently used for cooking in which
abundant water is present inside throughout the heating) is low throughout the Jomon and Yayoi
periods, but slightly increases from the Takinosawa, Kunenbashi, and Nomoto (one or one pot) to the
Sogo assemblage (2 of 24 pots).

They are all S2 or M l size vessels. These facts suggest that, in

contrast to Kalinga side dish cooking, Jomon and Yayoi cooking pots were rarely specialized for soup
like cooking or boiling with abundant water throughout the heating process. In other words, most
Jomon and Yayoi cooking pots were used at least occasionally for stew- or mush-like cooking or rice
cooking in which water is gone by the end of cooking. However, it is also suggested that the dietary
importance of soup-like dishes gradually increases from Jomon to Yayoi.

Thermal Spalling on Interior and Exterior Surfaces
The frequency of thermal spalling decreases in the order of Sogo (8 of 24 =33.3% ), Nomoto
(3 of 19 = 1 6 .7 % ),Kunenbashi (1 of 41 = 2 .4 % ),and Takinosawa (none).Because thermal spalling can
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more easily form on polished surfaces (common in Jomon cooking pots) than on rougher, smoothed
surfaces (common in Yayoi cooking pots), the difference in the frequency of thermal spalling between
the Jomon and Yayoi period is so distinctive that it is likely to reflect differential cooking techniques.
As is shown in Kalinga cooking pots, the thermal spalling found in Yayoi cooking pots is likely to
have resulted from rice cooking.
Thermal spalling is found in two type 4 and one type 5 vessels in the Nomoto assemblage,
whereas in the Sogo assemblage, it is found in one type 2, one type 3, five type 4, and two type 5
vessels. Thus, thermal spalls occur in vessels with various carbon types, but occur in higher frequency
in carbon type 3 , 4 , and 5 than in carbon type 1 and 2.
Thermal spalls occur in S2 and M l sizes. In both the Nomoto and Sogo assemblages, their
frequency is higher in S2 vessels (2 of 7 in Nomoto, and 6 of 9 in the Sogo assemblage) than in M l
ones (1 of 9 in Nomoto, and 3 of 11 in the Sogo assemblage).

This is probably because S2 pots

receive more intensive heat in their upper/middle interior walls than M l pots.

Variation with Vessel Size
As noted, both Jomon and Yayoi cooking pots tend to be differentiated into S/M and L/LL
sizes, and Yayoi cooking pots tend to be further differentiated into S and M sizes. Thus, differences
in use-alteration patterns between these differentiated size classes are examined.
In the Takinosawa assemblage, the frequency of carbon type 2 increases relative to types 4
and 5 in the order of SI (0 pots for type 2,' and 3 pots for type 4 and 5), M2 (3 and 3), S2 (10 and
12), M l (16 and 10), and L/LL size (7 and 3). Thus, except for M2 vessels, interior carbon deposits
tend to be reduced in width as the pot becomes larger.

This fact suggests that areas that receive

intensive heat from the flames in larger pots tend to be limited to the lower interior (i.e.,below the
water level), whereas smaller pots tend to receive intensive heat up to the middle and/or upper
interior (below or above water level) as well as the lower interior (below water level). In other words,
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the differences in carbon type compositions among size classes does not reflect different heating
methods (e.g.,the amount of water inside, or water level) between size classes. Thus, most cooking
pots were at least occasionally used for stew- or mush-like cooking in which water is gone at the end
of heating.

The same pattern is observed in the Kunenbashi assemblage: the relative frequency of

carbon type 2 to types 4 and 5 increases in the order of SI (0 and 2), S2 (3 and 12) and M (1 and 4),
and L/LL (2 and 6) sizes.
As noted, Middle and Late Yayoi cooking pots are clearly differentiated

in volume

distribution and vessel shape into S and M sizes (around 3 liters),although use-alteration patterns in
the Nomoto and Sogo assemblages differ between S2 and M l sizes in the following points, these
differences likely resulted from the volume difference rather than from different usages (or cooking
techniques).

S2 and M l sizes are compared because the frequency of SI and M2 vessels are very low

in the Nomoto and Sogo assemblages. First, S2 vessels show a higher frequency of carbon types 4 and
5 and s lower frequency of type 2 than M l vessels. As noted, this fact suggests that the difference in
carbon type composition likely resulted from the volume difference rather than from differential
usages. Second, the frequency of thermal spalling (frequently produced during rice cooking) is higher
in S2 than M2 vessels in both the Nomoto (2 of 7 S2 sized pots, and 1 of 9 M l sized pots) and Sogo
(6 of 9 S2 vessels, and 3 of 11 M l vessels) assemblages. Because thermal spalls tend to form on the
surfaces that receive the most intensive heat and that contain little moisture, they are likely to occur
more frequently in smaller vessels. Thus, the difference in the frequency of thermal spalling also likely
resulted from the volume difference.

Finally, the frequency of carbon type 3 (reflect soup-like

cooking) does not differ between S2 and M2 in the Sogo (1 vessel each) assemblage.

DISCUSSION
Based on the above results, I examine 1) changes in functional differentiation from Middle
to Latest Jomon, 2) those from the Jomon to Yayoi periods, 3) functional differentiation in Yayoi
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cooking pots (especially between rice and side dish cooking), and 4) variation in Jomon cooking pots
between eastern and western Japan.

Changes from Middle to Latest Jomon
Changes in the morphology of cooking pots from Middle to Latest Jomon are characterized
by 1) an increase in the frequency of SI (less than 1 liters) shallower jars (with relative height less
than 100), 2) the disappearance

of interior polishing from large cooking pots, 3) the resulting

appearance of clear differentiation into smaller, shallow jars with interior polishing and larger, deeper
jars without interior polishing, 4) an increase in the degree of neck constriction, and 5) a decrease in
wall thickness.
Middle and Latest Jomon assemblages show many similarities.
cooking pots is higher than in Yayoi assemblages.

First, the frequency of L/LL

Second, carbon type composition in the

Takinosawa and Kunenbashi assemblages suggests that stew or mush-like cooking dominated in both
assemblages, and that the differences in carbon type composition between the two assemblages likely
resulted from differences in size composition rather than from differential usage. The reduced wall
thickness, decreased frequency of interior polishing, and increased degree of neck constriction are part
of continuous processes from the Jomon to the Yayoi assemblages as a whole.

Changes from Jomon to Yayoi
Morphological and technological changes from Jomon to Yayoi cooking pots are characterized
by 1) decreased frequency of L/LL (over 10 liters) and SI (less than 1 liter) vessels, 2) increased
degree of differentiation between S and M sizes within S/M pots, 3) increased degree of neck
constriction (a shift in body shape from cylindrical to globular), 4) reduced wall thickness, and 5)
decreased frequency of interior polishing.

As noted, it has been inferred that nuts (powdered

carbohydrates and fats) were the most important food resources in the Jomon diet, whereas dietary
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differentiation into the staple rice and side dishes gradually developed during the Yayoi period.
Changes in use-alteration patterns and vessel morphology from the Jomon to the Yayoi cooking pots
are correlated with the inferred dietary changes.
1. Use-alteration patterns.

In both the Jomon and Yayoi periods, most cooking pots have

a band of carbon deposit on the lower interior, suggesting that they were at least partially used for
stew- or mush-like cooking or rice cooking in which water is gone by the end of heating.

Use-

alteration patterns of Jomon and Yayoi cooking pots differ in four ways.
First, most L/LL (over 10 liters) Jomon pots also have a band of carbon deposits on the lower
interior, whereas L/LL Yayoi cooking pots often lack interior carbon deposits. This suggests that they
were basically cooking pots rather than specialized for removing tannic compounds of nuts, and that
in the Yayoi period, L/LL cooking jars were used differently than S/M jars.
Second, thermal spalling is rarely formed in Jomon cooking pots, but its frequency increased
through time.

Since thermal spalling commonly occurs during rice cooking (especially during

simmering), this fact suggests that the importance of rice cooking increased through time.
Third, the frequency of types 4 and 5 (carbon deposits exist on the middle/upper interior as
well as on the lower exterior) relative to type 2 (carbon deposits exist only on the lower interior) is
higher in Jomon pots than in Yayoi pots when vessel size is controlled. Exterior soot oxidation, often
occurring on the exterior surfaces that correspond to the interior carbon deposits, is also more
intensive in Jomon cooking pots than in Yayoi pots. These facts suggest that Jomon pots received
more intensive and/or more prolonged heat during cooking than Yayoi pots. Stew/ mush-like cooking
in which water is gone by the end of heating is likely to have resulted in the intensive carbon deposits.
Fourth, the frequency of carbon type 3 (indicating soup-like cooking) increased slightly from
the Jomon to the Yayoi period, although its frequency is low in both.
2. Changes in vessel volume. The decrease in the frequency of L/LL (over 10 liters) jars can
be related to the Jomon-Yayoi dietary changes in the following ways.
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First, since removing tannic compounds of nuts (especially of buckeyes) by heating needs large
vessels, the decrease in the dietary importance of nuts likely resulted in the decreased frequency of
large (L/LL) cooking pots.
Second, as cooking methods became differentiated into staple (rice and other cereals) and side
dishes during the Yayoi period, it is likely that a set of two cooking vessels were used for preparing
a meal. Thus, the amount of foods cooked in a pot likely decreased from the Jomon to the Yayoi
period.
Third, as shown in Kalinga rice cooking, rice cooking pots can cook rice up to their neck or
mouth because boiling overflow need not be avoided. Furthermore, rice can taste better when it is
cooked in larger amounts.

On the other hand, in side dish cooking, especially those needing

prolonged heating, the water level should be kept around the middle part of the body in order to
avoid boiling over.

Thus, it is likely that the water level was usually higher in rice cooking than in

side dish cooking. Because rice cooking can use the vessel’s entire volume, rice cooking pots do not
have to be large.
Fourth, rice is best prepared fresh at each meal because it is not easily reheated and needs
only short-term heating (about 20 to 25 minutes). On the other hand, side dishes that need prolonged
heating are likely to have been cooked for more than one meal. Thus, it can be hypothesized that as
the dietary importance of rice increased, the frequency of preparing large amounts of food for more
than one meal decreased.

As a result, cooking vessels used at a meal tend to have been smaller as

the dietary importance of rice increased.
3.

Changes in vessel shape. The decreased wall thickness and the shift from a cylindrical to

globular body are related to the Jomon-Yayoi dietary changes in the following ways.
First, rice cooking needs shorter, but more intensive heating than overall side dish cooking.
As is discussed below, interior carbon deposits in Jomon cooking pots suggests that stew- or mush-like
cooking dominated the dishes. Thus, it is hypothesized that Yayoi cooking pots were required for
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higher heating efficiency, whereas Jomon cooking pots needed a higher heat retention capability.
Therefore, the thinner walls and a globular body shape of Yayoi cooking pots are suitable for rice
cooking, whereas the thicker walls of Jomon cooking pots are suitable for stew- or mush-like cooking.
These facts suggest that the thicker walls of Jomon cooking pots reflect the potter’s intent to improve
heat retention.
Second, rice cooking does not need stirring, whereas prolonged heating and/or stew/mush-like
cooking (in which water is gone by the end of heating) needs frequent stirring. Thus, the stew- or
mush-like cooking of nuts (inferred as the dominant Jomon cooking method) would have involved
more frequent stirring than rice cooking. Cross-cultural ethnographic models suggest that the degree
of neck constriction of cooking pots is strongly related to the degree of stirring.

Therefore, it is

hypothesized that the wide-mouthed, cylindrical shape of Jomon cooking pots is adapted to frequent
stirring.
Third, because rice cooking pots need to be moved away from the flame for simmering, they
must be suitable for carrying while they are hot and heavy. As the analysis of Kalinga cooking pots
suggested, the more constricted neck of Yayoi cooking pots would permit them to be grasped and
moved while hot and heavy.

Variation between Eastern and Western Japan
Compared with the Jomon assemblages in the Tohoku and Hokuriku districts (i.e.,eastern
and central Japan), the Shigasato assemblage, the only Jomon assemblage with a large number of
whole or restorable vessels in western Japan, shows the following characteristics. First, the frequency
of L /L L jars is much higher (over 50%) than in contemporary (Latest Jomon) assemblages in eastern
Japan.

Second, the relative base size (base diameter divided by maximum body diameter) is much

smaller in the Shigasato assemblage than in the Latest Jomon assemblages in eastern Japan. In other
words, the Latest Jomon cooking pots in western Japan tend to have a body shaped like a truncated
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cone, whereas those in eastern Japan have a more cylindrical body. Third, the Latest Jomon cooking
pots in western Japan have much thinner walls than those in eastern Japan. Finally, shallower bowls
in the Latest Jomon assemblages in Kinki (e.g.,Shigasato) and Hokuriku (e.g.,Yoneizumi) districts
have exterior sooting and/or interior carbon deposits more often than those in Tohoku district (e.g.,
Kunenbashi, see Figure 9.3).
Based on these facts, Abe (1994) hypothesized that thinner walled, large cooking pots were
used mainly for removing the tannic compounds from nuts, while shallower bowls with interior carbon
deposits, as well as smaller cooking pots, were used for ordinary cooking. There are two problems
with this hypothesis.

First, although I agree that L/LL cooking pots were likely used for leaching

tannic compounds, at least occasionally, the presence of carbon deposits on the lower interiors of most
L/LL cooking pots suggests that they were also used for stew/mush-like cooking.
Second, the presence of carbon deposits on shallow bowls suggests that they were at least
occasionally used over a fire, but they were not necessarily intended originally as cooking vessels. The
fact that shallow bowls of similar shape in the contemporary Tohoku district (e.g., Kunenbashi
assemblage) lack carbon deposits and sooting suggests that the shallow bowls were not used over a
fire when there were a large number of pots available, while shallow bowls were used over a fire when
the number of cooking pots was limited (in the case of western Japan).

As the analysis of Kalinga

pot use suggested (see Chapter 6), pots tend to be reused or used in unintended ways when the
number of available pots is limited. Thus, it is likely that in western Japan, shallow bowls originally
used as serving vessels were occasionally used anomalously (or reused) as cooking pots because the
number of cooking pots (wide-mouthed jars) was limited.

Functional differentiation of Yayoi cooking pots
Differentiation in the vessel morphology of Yayoi cooking pots became more pronounced
than in Jomon cooking pots. L/LL pots (over 10 liters) and M/S cooking pots became more clearly
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differentiated in two ways. First, the neck constriction ratio in S/M jars is negatively correlated with
volume, whereas it is positively correlated with volume in L/LL jars. This pattern suggests that these
two size classes were intended to have different usages. Second, LL/L jars have a lower frequency of
interior carbon deposits than M/S jars, suggesting that these two size classes were used differently.
S and M cooking pots (less than 10 liters) also became more clearly differentiated into smaller
vessels with a wider neck and squatter body, and larger jars with a more constricted neck and spherical
body in that the lower mode dividing the two sizes (around 3 liters) becomes more pronounced and
the location of the cut-off point becomes standardized among assemblages.

However, differential

usages between the two sizes cannot be indicated by use-alteration patterns: the frequency of carbon
type 3 (soup-like cooking) does not differ between S and M sizes, and differences in the frequency of
carbon type 2 relative to type 4/5 and that of thermal spalling between the two sizes likely resulted
from volume differences.
Based on these facts, it is hypothesized that the differentiation in vessel morphology into S
and M sizes likely reflects differentiation

into rice and side dish cooking because this size

differentiation is clearly observed not only in the Tohoku and Hokuriku districts but also in other
districts (e.g., Kanto and Kinki) throughout the Yayoi period, suggesting that this size difference
reflects a functional difference that was common throughout the Yayoi culture.

Assuming that the

size differentiation reflects the difference between rice and side dish cooking, M size jars, which have
a more constricted neck and spherical body, are more suitable for rice cooking than S size jars, which
have a wider mouth and squatter body, in that the staple rice tends to be consumed in greater
amounts in rice culture areas, and that the more constricted neck and spherical body are suitable for
rice cooking (see Chapter 5). Thus, if the differentiation into S and M sizes reflects the difference
between rice and side dish cooking, rice and side dish cooking pots in the Yayoi period are clearly
differentiated in terms of both volume and shape. Based on the cross-cultural ethnographic models
on morphological differentiation (see Chapter 7), this fact suggests that the dominant Yayoi side
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dishes were that which require a frequent stirring and contained little moisture (i.e., stew- or mush
like dishes).

This inference coincides with the characteristics of interior carbon deposits in Yayoi

cooking pots.
Finally, the degree of differentiation by vessel use is examined. The fact that in the Sogo and
Nomoto assemblages, the frequency of thermal spalling is higher in S cooking jars (presumed side dish
cooking pots) than in M size ones (presumed rice cooking pots) suggests that rice cooking and side
dish cooking pots were often used interchangeably. Ethnographic models on differentiation by vessel
use (or gaps between intended vessel function and actual vessel use; see Chapter 6) suggest that the
frequency of anomalous uses for a vessel type tends to decrease as the dietary importance of dishes
for which the vessel type is specialized becomes greater.

Thus, the unclear differentiation in use-

alteration patterns between the presumed rice (mainly M) and side dish (mainly S) cooking pots
suggests that the dietary importance of rice was not very great during the Yayoi period.
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CHAPTER TEN: CONCLUSION

The present dissertation aims at examining ways to apply ethnoarchaeological
prehistoric archaeological data.

models to

Although there has been a large number of ethnoarchaeological

studies, few have contributed to the interpretation of archaeological data. This is partially because
most ethnoarchaeological studies are not based on well-defined archaeological problems (or patterns
in archaeological data to be interpreted),
ethnoarchaeological

models are based.

and fail to control for the conditions on which the
In order to successfully apply ethnographic models to

archaeological data, the following three points should be considered.

First, it is important to have

a well-defined archaeological problem and select ethnographic data appropriate for the problem.
Second, because critical conditions are likely to vary with cultural context, it is necessary to identify
the critical background conditions of the models and to control them inasmuch as possible. Finally,
in order to infer prehistoric behavior (cooking techniques in this dissertation) from patterns in
archaeological data by using ethnographic models, it is necessary to present a set of inclusive models
that can cover various relationships between patterns in material culture and human behavior. Based
on the results of the present dissertation, these three points are discussed below.

SELECTION OF APPROPRIATE

DATA

Because appropriate models can vary with cultural context, it is critical to select appropriate
topics and fields for ethnoarchaeological studies. In this dissertation, changes in cooking techniques
at

the

inception

ethnoarchaeological

of agriculture

were

models are applied.

selected

as

the

archaeological

problem

to

which

Cooking techniques were selected as the major topic for

three reasons. First, ceramic vessels are the most common artifact in prehistoric sites, and thus, are
suitable for cross-cultural analysis in many areas. Ceramic vessels are also commonly used in living,
traditional societies. Because cross-cultural comparisons in both ethnographic and prehistoric data
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are critical in ethnoarchaeological

studies, ceramics are one of the most suitable materials for

exploring ways of applying ethnoarchaeological

data to prehistoric data.

Second, although the majority of ceramic vessels were cooking pots, there are only a small
number of studies of their use. In other words, most cooking vessels have not been analyzed "as tools"
(Braun 1983).

Third, relationships between vessel attributes and cooking techniques seem to be

governed by ecological principles to a greater degree, and thus, are less affected by cultural contexts
than socio- and ideo-functional aspects of technology.

The present dissertation is based on the

proposition that the dietary system consists of such subsystems as foodstuffs, food preparation
techniques (before cooking), cooking (heating) techniques, consumption methods (or manners), and
cooking and serving vessels, and that these subsystems are interrelated.

Among these subsystems, the

present study focused on relationships between cooking (heating) methods and morphological and
physical characteristics of cooking vessels.
Rice culture areas (most of eastern and Southeast Asia) are selected as the major field of
archaeological and ethnoarchaeological

research because this area has several advantages for the

analysis of cooking techniques. First, in the rice culture area the staple rice and side dishes are strictly
differentiated in cooking and serving. Furthermore, rice cooking methods show much less variation
than other major cereals.

Thus, the degree of differentiation between rice and side dishes are

comparable among cultures. This point is discussed below in more detail. Second, traditional pot
making (i.e.,open firing of vessels for domestic use) is active in this area. The Kalinga are selected
as the major site of ethnoarchaeological

research.

Third, abundant archaeological ceramic data of

high quality are available in this area (especially in Japan).

CONSIDERATION
The

present

dissertation

set

OF CULTURAL CONTEXT

forth

two

major

archaeological

problems

to

which

ethnoarchaeological models were to be applied: 1) changes in cooking techniques from Jomon foragers
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to Yayoi rice farmers, and 2) the degree of dietary differentiation into the staple rice and side dishes
during the Yayoi period.
In applying ethnoarchaeological models to these archaeological problems, it is important to
control for the effects of cultural context. The present dissertation, major ethnoarchaeological studies
(the Kalinga and other Southeast Asian cultures) share basically the same cultural background as the
prehistoric cases (Yayoi culture in Japan) in that both belong to the rice culture area that has
distinctive characteristics.

First, in the rice culture area, the staple rice is consumed in large

quantities, while side dishes, considered as flavoring the staple rice, are consumed only in small
amounts. Rice is consumed in large amounts because the balance of critical amino acids is better in
rice than in other cereals, and the monsoon climate of the rice culture area is not suitable for grazing
(Ishige 1983). Since rice is consumed at every meal in large quantities, it is usually cooked without
being mixed with other foods or flavored. This contrasts with com, which can be cooked with meat,
vegetables, and/or beans (see Chapter 7). As a result, the diet in the rice culture area is characterized
by a pronounced differentiation into the staple rice and side dishes (vegetable/fish/meat): rice is
cooked and served separately from side dishes.
Second, rice cooking methods show a narrower range of variation (i.e.,are more standardized)
than other cereals. Although short/medium grain variety (Japonica) and long grain varieties (Indica
and Bull) differ in heating methods (the dry-up method and water-taking method, respectively), both
methods share several basic characteristics: 1) water is gone by the end of heating, 2) the rice needs
to be simmered after being heated over the flame, 3) the water level in cooking pots tends to be
higher because boiling over does not cause problems, 4) cooking pots need to be covered continuously
during cooking, 5) the pot is not stirred frequently, and so on. As a result, differences in cooking
techniques between rice and side dishes depend on the kind of side dishes.

This means that the

heating methods of prehistoric side dishes can be inferred to some extent by examining the differences
between rice cooking and side dish cooking pots.
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Because of the above reasons, the present study focused on the degree of functional
differentiation between rice and side dish cooking pots as an index to the dietary importance of rice
during the early rice farming societies in Japan. It can be hypothesized that as the dietary importance
of rice increases, rice cooking pots become more specialized for rice, and therefore tend to differ in
morphological and physical characteristics from side dish cooking pots. Furthermore, the frequency
of anomalous use of rice (or side dish) cooking pots for side dish (or rice) cooking is expected to
decrease as rice becomes more important in the diet.

In sum, ethnoarchaeological

models on the

degree of functional differentiation between rice and side dish cooking, as an index to the dietary
importance of rice, are generally applicable in the rice culture area.
Interpretations of the transition in morphological and physical characteristics from Jomon to
Yayoi cooking pots were based on cross-cultural ethnographic models of form-function relationships.
These ethnographic models are considered to be applicable to the Jomon-Yayoi transition in that
there are strong regularities in the morphological changes of cooking pots from foragers to farmers
both archaeologically and ethnographically: cooking pots tend to change from those with a cylindrical
body, wider neck, and thicker walls to those with a more globular body, more constricted neck, and
thinner walls (Linton 1944; Mills 1984; Smith 1984). This strong regularity suggests that the above
vessel changes reflect changes in cooking techniques from foragers to farmers, and thus, gives the
model an explanatory power for interpreting the Jomon-Yayoi transition.
Although the Jomon-Yayoi transition can be interpreted by using the ethnographic models,
reconstruction of the Jomon foragers’ cooking techniques by ethnographic models is more difficult
than that of Yayoi cooking techniques.

This is because Jomon cooking pots are likely to have been

used for a wider variety of heating than Yayoi ones in the following ways.

First, it can be

hypothesized that the lack of differentiation between the staple cereal and side dishes made a type of
Jomon cooking pots less specialized for a particular cooking method.

Second, Jomon cooking pots

were likely to have been used not only for cooking but also for pre-cooking processing such as
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removing tannic compounds from nuts. Finally, the higher frequency of L/LL (over 10 liters) cooking
pots raises the possibility that at least some of them were used specifically for ceremonial cooking in
which food was cooked and served for a large number of people.

Thus, in reconstructing Jomon

cooking techniques, it is necessary to combine a variety of research methods, including use-alteration
analysis, zooarchaeological and archaeobotanical analyses, studies of cooking features, and analysis of
form-function relationships of cooking pots.

INFERRING BEHAVIOR BY USING ETHNOARCHAEOLOGICAL
The present dissertation used three sets of ethnoarchaeological

MODELS

models to interpret the

Jomon-Yayoi transition in cooking vessels: 1) form-function relationships of cooking pots, 2) factors
which lead to anomalous use, reuse, and multiple-uses, and 3) processes of carbon formation (usealteration analysis). As discussed in Chapter 3, cooking techniques (behavior) cannot be inferred
directly from the predictions of ethnoarchaeological models. Instead, in order to reconstruct human
behavior from material culture, it is necessary to consider tradeoffs among the variety of correlations
predicted by the models. This point is discussed for each of the three sets of models.
The first set of models consists of a large number of models because there are many
morphological attributes closely related to vessel function (e.g.,volum e, neck constriction, relative
height, body shape, basal size, wall thickness, and so on), and because each attribute can have
contributed to more than one functional efficiency and durability. For example, a constricted neck
(a lower value of the neck constriction ratio) not only has such functional efficiencies as an ease of
moving a hot, heavy pot, restricting evaporation, and being suitable for covering the vessel’s mouth,
but also has negative effects such as inconvenient stirring (see Chapter 3). In the present dissertation,
cooking methods were categorized into three types in terms of 1) frequency of stirring, 2) preference
for heat conductivity or heat retention capability, and 3) intensity of heating: (a) stew/mush-like dishes
that need prolonged heating with a lower flame and frequent stirring, (b) soup-like dishes, and (c) rice
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cooking that needs a short-term intensive cooking without stirring.
In inferring cooking methods, it should be noted that, even though a certain characteristic is
desirable, it may not be obtained because its production and/or maintenance costs are too high. For
example, even though a thinner wall is desirable for its high heat conductivity, higher production costs
of thinning and/or lower resistance to physical impact work against having a thin wall. In this case,
heating efficiency can be maintained through other vessel attributes such as inclusion of greater
amounts of sand temper, having a more globular vessel shape, or having a cover. Thus, in order to
infer vessel function from morphological attributes it is necessary to consider the tradeoffs between
various kinds of functional efficiencies, durability, and production costs.
The second set of models is a part of more inclusive models on the gap between intended and
anomalous uses as an index of functional differentiation in terms of vessel use: the frequency of
anomalous uses and multiple uses of a type of pots is affected by such factors as 1) the dietary
importance of foodstuffs cooked in the pots, 2) the number of available cooking pots, and 3) potproduction mode. This set of models was constructed in two steps. First, it was hypothesized that
as the dietary importance of a type of foodstuff increases, cooking pots tend to be specialized for the
foodstuffs, and thus, the frequency of unintended uses decreases.

Then, Kalinga data expanded the

model by suggesting that the frequency of anomalous uses is higher when the number of available pots
is limited, and that the frequency of multiple pot use is higher in pot-consuming villages than in pot
production villages.

Thus, it is necessary to consider these three factors when interpreting the

frequency of anomalous uses.
Finally, models on processes of carbon formation are important for inferring the actual uses
of a cooking pot. However, these models cannot directly show modes of vessel use, but instead can
present such information as the amount of moisture inside, water level, and intensity of flames.
Cooking methods for a pot should be inferred by combining various use-alteration patterns including
location and thickness of interior carbon deposits, location of exterior sooting, exterior oxidation, and
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thermal spalling. In the present dissertation, cooking methods were categorized into three types on
the basis of amount of moisture inside and water level: (1) rice cooking in which water level is high
and water is gone by the end of heating, (2) stew/mush-like cooking in which water level is lower and
water is gone by the end of heating, and (3) soup-like cooking in which abundant water is present
throughout the heating.
By using these ethnoarchaeological

models, the present study demonstrated the following

points concerning cooking techniques in the Jomon and Yayoi periods. First, changes in vessel shape,
volume, and wall thickness from Jomon to Yayoi cooking pots fit the previously documented changes
in major foodstuffs from nuts to rice. Second, the increased degree of morphological differentiation
from Jomon to Yayoi cooking pots indicates greater dietary differentiation into rice and side dishes
during the Yayoi period.

Third, distinctive differences in both vessel shape and volume of Yayoi

cooking pots indicates that side dish cooking methods had begun to contrast with rice cooking in
terms of water level and intensity of heating.

The inferred side dish cooking methods, which are

dominated by stew/mush-like cooking, are supported by use-alteration patterns.

Finally, the lack of

distinctive differences in use-alteration patterns between two vessel types (S size cooking pots with
a wider mouth and squatter body, and M size ones with constricted neck and spherical body) in the
Yayoi period suggests that, although rice cooking and side dish cooking pots were markedly
differentiated

in morphological

interchangeably.

and physical attributes,

these two types were frequently used

Thus, it is inferred that the dietary importance of rice was not as high as in

subsequent periods (e.g.,the Nara and Heian periods; A .D .7-11 centuries) in which these two types
differ markedly in use-alteration patterns.
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