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subsystems, more rewarding results have come from analyzing the inter... 
relationships and interdependence of ethnic groups. Rarely do individual 
ethnic groups live in physical and social isolation from other ethnic groups: 
"Thus the 'environment' of anyone ethnic group is not only defined by 
natural conditions, but also by the presence and activities of the other 
ethnic groups on which it depends. Each group exploits only a section of 
the total environment, and leaves large parts of it open for other groups 
to exploit" (Barth 1956). 

An ecological analysis of three ethnic groups in the Swat district of 
northern Pakistan used two concepts borrowed from animal ecology (Barth 
1956): niche, the place of a group in the total environment, including its 
relations to resources and competitors; and symbiosis, the living together 
in intimate association or close union of two dissimilar organisms in a 
mutually beneficial relationship. The Pathans occupy the lower Swat River 
Valley where they practice double...crop grain cultivation, much of which 
is irrigated. The Kohistanis inhabit the upper river valley where they produce 
a single annual grain crop and practice seasonally migratory herding, keeping 
sheep, goats, cattle, and water buffalo on mountain pastures in the summer 
and moving them to the lowlands in the winter. The Gujars are found "in 
the hills of both the Pathan and Kohistani areas, living as nomadic, migratory 
herders. Thus within the Swat Valley the residences of these ethnic groups 
overlap, but the agroecosystem of each group exploits a different niche of 
the total environment. Barth explains the symbiotic relationship of the 
three ethnic groups in terms of four principles: 

1.	 The distribution of ethnic groups is controlled not by objective and 
fixed "natural areas" but by the distribution of the specific ecologic 
niches that the group, with its particular economic and political 
organization, is able to exploit. 

2.	 Different ethnic groups will establish themselves in stable co...residence 
in an area if they exploit different ecologic niches, and especially if 
they can establish symbiotic economic relations. 

3.	 If different ethnic groups exploit the same ecologic niches fully, the 
militarily more powerful will normally replace the weaker. 

4.	 If different ethnic groups exploit the same ecological niches but the 
weaker of them is better able to utilize marginal environments, the 
groups may co...reside in one area. 

Ritual 
In the belief systems of all societies there are certain aspects that pertain 

to perceptions of the environment. Ritual presentation of environmental 
beliefs are most pronounced in agrarian societies since they maintain a high 
degree of direct interaction with the biophysical environment in their daily 
subsistence activities, but even religions of the most advanced societies 
retain vestiges of environmental ritual. An example in modern Christianity 
is Easter, when the coming of spring and the rebirth of winter...dormant 
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flora and fauna is celebrated with signs of fertility in the form of rabbits 
and chicken eggs. 

By focusing on a specific aspect of ritual and belief, that of pig production 
by the Tsembaga of New Guinea, Rappaport (1969) explained ritual as a 
means for regulating environmental relations. Rising pig populations are 
kept in check through mass slaughter and consumption in a ritual context 
that is usually associated with misfortunes or emergencies such as warfare, 
illness, injury, or death. A correlation appears between peaks of meat 
consumption and times of greatest physiological stress-during times of 
warfare and sickness. Rappaport concluded that Tsembaga ritual, specifically 
the cyclical nature of pig slaughter, functions as an ecological mechanism 
for maintaining an undegraded environment, limiting warfare, adjusting 
person...to...land ratios, facilitating trade, and providing people with high... 
quality protein in times of need. 

Ritual beliefs and agricultural practices may become so tightly intertwined 
that the ecological justification for certain agricultural strategies becomes 
subsumed in ritual explanation. When the Luangan of the Central Kalimantan 
rainforest make a swidden rice field, certain plants are sown along the 
borders of the field and along footpaths through the rice. Some of these 
plants, including foxtail millet (Setaria italica), Job's tears (Coix lacryma... 
jovi), and black...seeded sesame, produce an edible seed; others such as the 
gerronggong flower (Celosia cristata) are not edible. Their importance is not 
as human food but is explained by the Luangan in terms of ritual beliefs 
(Weinstock 1983a). These plants are the friends of rice and the rice spirit, 
Luing. The pretty stalk flower of gerronggong is said to appeal to the female 
vanity of Luing, and its cluster of tiny flowers is symbolic of the blood of 
Luing that became the first seeds of rice. From an agroecological perspective, 
there is an alternative rationale for placing these plants along the borders 
of swidden fields. Ripening at the same time or slightly before the rice, 
these plants protect the rice because they are attacked and eaten first by 
marauding monkeys and birds from the surrounding forest. 

Traditional wet...rice farmers in Malaysia provide another example of ritual 
belief with an ecological explanation. When a particular farmer was asked 
why his rice crop suffered a severe infestation of stem borers, he replied 
that it was due to his failure to follow the appropriate ritual. Traditional 
belief held that only certain times in the lunar cycle were auspicious for 
planting. Agroecologically this was correct, since the stem borers infesting 
his crop were larvae of a nocturnal moth that mates and lays its eggs only 
during the full phase of the moon. Had the farmer adhered to the planting 
ritual, his crop would not have been at a susceptible growth stage at the 
time of the full moon. 

Choy (1983) has documented another example of the role of ritual in 
traditional agriculture. Javanese homegardens provide fruits, leaves, and tubers 
that are used for religious rituals; and events such as cleansing of a corpse 
(mayat) , burials, wedding ceremonies, puppet performances, and Islamic 
holiday ceremonies (e.g., kejaban) often take place in homegardens. It appears 
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that the hornegardens are not themselves the object of ritual ceremonies, 
however, a striking contrast to wet~rice cultivation (sawah), for which there 
are numerous rituals to regulate cultivation activities and seek divine favor 
for a bountiful harvest. There are ritual feasts (slametan) for each major 
stage of rice production (Geertz 1960): preparing of the rice field, sowing 
rice seeds in the nursery, transplanting, grain ripening, and harvesting. 

Choy believes that the explanation for this difference in the role of ritual 
in Javanese homegardens and rice fields may lie with the risks involved. It 
has generally been observed that ritual is directed toward situations over 
which people have the least control (Malinowski 1954, Netting 1974). With 
its diversified cropping dominated by perennials, risks from the hornegarden 
as a whole are low, whereas risks due to drought, pests, or storms in a 
field crop monoculture like rice are relatively high. Failure of a rice crop 
is considered more serious than loss of a hornegarden crop because inputs 
to rice production are more intensive and the value is perceived to be 
correspondingly higher. Besides, rice is the most important single food in 
the Javanese diet. Rituals may be appropriate for rice because it is more 
of a formal village activity than homegardens. Everyone uses much the same 
procedures for rice cultivation, and there are numerous and highly formalized 
social relations and obligations between households such as reciprocal labor 
and land tenancy relationships reinforced by ritual. In contrast, hornegardens 
are almost exclusively a famUy activity characterized by considerable variabUity 
in hornegarden makeup from household to household, few ties between 
households in the production process, and casual exchange of produce 
between households. 

Organization of Production 

The manner in which people organize their agricultural activities is 
tightly linked to agroecosystem structure, as can be Ulustrated by comparing 
two radically different agroecosystems in Indonesia: swidden cultivation in 
the Borneo rainforest and wet~rice cultivation on the island of Java. Aside 
from differing capacities to support human populations, these agroecosystems 
are characterized by different forms of social organization for agricultural 
production. In Borneo swidden cultivation, the primary unit of production 
is the household. The members of the household prepare, cultivate, and 
harvest an individual field. Depending upon the labor avaUable within the 
household, extra agricultural labor mayor may not be required. When 
outside labor is needed, it typically comes in the form of reciprocal labor 
exchanges; neighbors provide labor in exchange for return labor on their 
fields. In Java, the household is also the basic unit of production, but the 
nature of the agroecosystem of which it is a part dictates the necessity of 
cooperation with other households in the same irrigation system. The social 
organization of Javanese wet~rice production requires coordination among 
households for use ofa common resource, water. Unlike the loosely structured 
general reciprocity of labor exchanges in a swidden system, the common 
resource base of the Javanese wet~rice system requires the formal structure 
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of a water~user association. Such an organization often covers an entire 
village and may even encompass two or three separate communities. 

Since not all irrigation agroecosystems are alike, the social organization 
of production in one may be different from another, as Ulustrated by 
comparing irrigation agriculture in two radically different climatic environ~ 

ments. Geertz (1972) compared Bali, with consistently high annual rainfall 
averaging around 2,000 mm and a fairly constant year~round temperature, 
to Morocco, where annual rainfall is low, fluctuating between 350 mm and 
900 mm, and there are extreme annual and diurnal variations in temperature. 
Irrigation in Bali is homogeneous and nearly universal; in Morocco, irrigation 
is heterogeneous, with scattered small systems circumscribed by oases. 
Balinese irrigation is characterized by strongly communal social interaction 
and a technologically complex approach to water control and distribution. 
The social organization of production in Morocco is highly individualistic, 
loosely adapted, and structurally flexible. 

Several studies of the social organization of forest swidden production 
have included detaUed demographic data on the composition of households, 
communities, and swidden labor groups (Conklin 1957, Freeman 1955, 
Geddes 1954). Among some of the peoples studied, communal production 
labor is the norm, whUe among others individual famUies work relatively 
independently. The common denominator indicated by all the data is that 
the only continually effective, corporate, social group in forest swidden 
agriculture is the independent household family, which is also synonymous 
with the swidden work group. 

Forest swidden agriculture also can be a form of agroforestry, as Ulustrated 
by rattan cultivation in Kalimantan (Weinstock 1983b). After annual food 
crops are harvested from a swidden field, rattan seeds or seedlings are 
planted and allowed to grow in the secondary forest fallow. The rattan is 
harvested for sale or horne use when the site is again to be used for food 
production some eight to fifteen years later. Thus, annual food crops and 
forest perennials are cultivated in rotation. Labor for producing swidden 
food crops is organized on a household basis, as is the planting of rattan 
in old swidden fields, but harvesting of rattan is done by teams of young 
men on a share basis, with harvesters and farmers sharing the yield. 

Where population densities are high, land may be too scarce to allow 
a rotation between annuals and perennials, so integral agroforestry is practiced, 
where annual food crops and tree crops are grown together on the same 
parcel of land at the same time. This may be accomplished by planting 
alternate rows or strips of annuals and perennials, random planting of 
perennials amid a field of annuals, or planting perennials along the borders 
of fields containing food crop annuals (Vergara 1982). Homegardens in Java 
(Chapter 6) and trees in the paddy fields of Northeast Thailand (Chapter 
13) are examples of integral agroforestry. 

An example of social organization associated with an intensive horticultural 
agroecosystem is provided by lontar palm (Borassus sondaicus) cultivation 
on the Indonesian islands of Roti and Savu (Fox 1977). Both islands are 
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bare and eroded, with erratic and often limited precipitation. Savu received 
only 379 mm of rain in 1970, all of which came in fourteen days between 
mid,January and late February; in 1971, 1,724 mm of rain fell over sixty, 
nine days. Since conventional agriculture is risky under these conditions, 
the people of Roti and Savu depend on the lontar palm for their survival. 
Growing wild in superabundance across the islands, the lontar palm supplies 
subsistence in the form of sap tapped from the inflorescence; meals are 
drunk rather than eaten. The lontar also provides many other necessities 
of daily life. Leaves are used for house thatch and woven into baskets, mats, 
hats, sandals, and other items, and the trunks are used for the construction 
of feeding troughs and coffins. Thus social organization of subsistence 
production revolves around the ecology of a single botanical resource. Since 
sap flow from the crushed inflorescence is heaviest at the beginning of the 
dry season in April and May, and again toward the end of September and 
in October, household labor is organized so that during these peaks of 
production everyone works together to tap and preserve enough lontar sap 
to provide subsistence needs for the entire year. 
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