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Fuel Use and Landscape in the Peruvian Andes:

a Study from the Mantaro Valley.
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INTRODUCTION

Ethnobotany was defined by Volney Jones in 1941 as the study of the
complex web of interrelationships between people Fnd the plants they use. The
(lAr e
discipline has often focused on food plants, -but a class of interactions of
equal importance to eating has—been neglected - that between people and their
fuel plants.

A notable exception to this neglect is Heizer's (1963:192) demonstration
that "the prosaic search for fuel for fires enters significantly into a good
many social and economic activities of groups...". Heizer's study and later

v
fuelwood studies spurred by development agencies (Campbell et al. 1985;
/ v v v
Chandola 1976; Devres, Inc. 1980; Fleuret and Fleuret 1978; Jones 1982;
/ v/ v
Martinez 1982; Skar 1982; and Tibaijuka 1985) show many ways in which, as
people use fuel, both the human and plant populations involved are influenced

AL

by their interactions. Such systems of interaction between people and plants
v
are dynamic -- changes and adjustments are ongoing (Anderson 1952, Harlan

Vv s
1975, Rindos 1984). Clearly most people in the world now use fuel differently



from fifty years ago, and paleoethnebotanical studies have begun to show that

changes in fuel use occurred throughout prehistory (Johannessen 1981, 1952;
v v / / v

Lopinot 1988; Miller 1985; Minnis 1978; Pearsall 1983; wWillcox 1974).

The interaction between people and their fuel plants is affected by the
type and distribution of available fuel, cooking and eating habits, washing
and heating requirements, type of land-use, the human population and its
distribution vis-a-vis the sources of fuel, cultural perceptions of suitable
fuel, the agricultural and fallow cycle, and social factors, /as well as
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external economic and political factors (Agarwal 195%, Alcorn @gfi;)Devres, olc
/ / R

Inc. 1980, Jones 1982, Knowland and Ulinski 1979, Laarman and Wohlgenant

198%5.

These relationships are especially critical in areas where fuel is scarce,
such as the Andes. Here fuel collection involves a considerable expenditure of
time and energy, especially by women who are the major gatherers and users of
fuel. People use a diversity of fuel types, resulting in a complex pattern of
collection and use. Fuel availability affects cooking styles and the frequency
of meals. The relative scarcity of fuel results in discrepancies in fuel
availability for different segments of society.

Overuse of fuel may have very serious consequences, as indicated by the

~
large literature on the crisis in areas of the world today (Agarwal 1986;

e ~ v v v/
(Allen 1983;/Arnold 1978; Eckholm 1975, 1976; Eckholm et al. 1984; Siren and

—

Mitchell 1985). Forest cover may disappear, affecting other plants and the
animals, the soils, and, most importantly, the hydrologic cycle. Reduction in
the availability of woody plants may also increase use of crop residues and

dung for fuel, thus removing valuable soil additions. With fuel over-use,



women must increase their time spent gathering fuel, leaving less time for
other tasks. They may change cooking practices and schedules so as to use less
fuel, for example by cooking meals in advance along with the morning meal,
thereby affecting nutritional standards (Skar 1982). As nearby fuel sources
are used up, transportation costs and labor speciali%ation‘increase, for fuel
may no longer be availab;e to individual families on a AaQ;éﬁ—day basis
(Martinez lQég;. Peoplé ﬁuét buy fuel, thus farther widening the gap between
those who have adequate fuel and those who do not. Woodlots may be started,
thus contributing to land speculation and privatization (Tibaijuka 1985). One
study suggests that when faced with a fuel shortage people may increase their
family size so that enough daily fuel can be gathered by the children (Reddy
S
and Prasad 1977).

The subject of this present study is the long-term changes in a
particular system of fuel use -- that of the Wanka people of the Mantaro
Valley ;? the Peruvian Andes. We begin with a study of modern fuel use in the
Mantaro Valley. We then compare the modern pattern with the changing
landscapes and fuel systems of the past that can be traced through written

records from the area. Our purpose is to track the changes in the system of

fuel-use in order to understand the cultural and ecological factors at work.l

PRESENT AND PAST LANDSCAPES AND FUEL USE IN THE MANTARO VALLEY

The upper Mantaro Valley is a high intermontane valley in the

south-central Andes of Peru. The study area is near Jauja in the Department of



Junin at about 3500 m in elevation (Fig. 1). The residents of the region have
been farmers and herders for at least 2500 years. Although autonomous for
centuries, they were incorporated into the Inka empire about A.D. 1460 and
were the first group to rebel against the Inka by allying with the Spanish in

v / v v
1532 (Browman 1970; D'Altroy 1987; Earle et al. 1987; Matos and Parsons 1979;
Parsons 197%). The Wanka people still farm and herd in théﬁ;;i;;;:d‘

The present landscape of the Mantaro Valley reflects thousands of years
of human occupation and use. The high valley and surrounding slopes have
little woody vegetation, and fuel has probably long been sparse (Fig. 2).

The following sketch of the fuel resources of the area is compiled from

Wous: % % 3 %, nee
Bird| (& i) Gade (1975), Hastorf (1983), Mayer (1979), Pearsall (1979), Tosi

— v/ S/ /

(1960) , Pulgar Vidal (1967), and Weberbauer (1936, 1945). The high cold puna
surrounding the valley (above about 4000 m) supports no trees, being covered
mostly with grasses, notably bunchgrass (Stipa ichu). The only woody growth is
the bromeliaceous Puya, which provides fuel and building material (Gade 1975).
Puya and the grasses are virtually the only fuel plants in this zone. The
plants of this zone also serve as pasture for cows, sheep, and llamas.

The high slopes between about 3600 and 4000 m are characterized by grassy
steppes with scattered shrubs and small trees, mostly of gquinual (Polylepis
spp.) and quisual (Buddleia spp.), with some aliso (Alnus jorullensis),
chachacoma (Escallonia spp.), and sauco (Sambucus peruviana) . Barley, tubers,
native legumes and quinoa are grown here. The lower hillsides of this zone
are step-slope terraces often edged with hedge-rows, and the upper fields are
without hedges and in periodic fallow. These field systems provide fuel from

e
the shrubs of the hedge-rows (see also Gade 1975:88), the stalks of threshed



crops, and the grasses growing in the fallow cycle, and in higher areas dung
from animals grazing on fallow fields.

The Mantaro River basin, tributary valleys and lower alluvial slopes
(about 3000-3600 m) are the site of the most intensive settlement and

v

agriculture today. Tosi (1960:103) suggests that this zone may at some time in
the past have been wooded, but it is now transformed by human use, and little
wild vegetation remains. Woody shrubs include chilka and tayanka (Baccharis
spp.), retama (an introduced shrub, Spartium junceum), molli (Schinus molle),
tara and pactae (Cassia sp.). Chaghual (the Mesoamerican maguey, Agave sp.)
also grows here and is used for fuel. The most common tree is the cultivated
introduced eucalyptus (Eucalyptus globulus). The guinda (the introduced mazard
cherry; Prunus sp.), as well as the native aliso, guinual and quisual are also

4 / / /
planted (Adams 1959, Dickinson 1969, Gade 1975, Mayer 1979).

Another zone available to the inhabitants of the valley for fuel
gathering is the cloud forest or ceja de la montana on the eastern slopes of
the Andes, some 30-40 kilometers from Jauja. Here the warmer and more humid
conditions support a dense forest. Wood products from this zone, perhaps
including firewood, may have been obtained through trade in the past as they
are today, although access can be difficult. For example, in 1947 more than a
million board feet of wood was brought into Jauja from Satipo on the eastern
slopes, but ig 1954 the export had shrunk to nothing due to the destruction of
the onlé?iéfifogg;by an earthquake (International Development Services, Inc.

/

1954) These eastern-slope forests may long have been a place for fuel

v

gathering as well as for wood for certain industrial needs; Tosi (1960:152)

states that the upper slopes of the ceja have been much deforested and



replaced by secondary growth. This, according to Tosi, is a result of repeated
use of the zone for firewood, due to its proximity to the dense population of
the interior valleys, where woody material has been very scarce in recent
centuries.

The zones described above contain the principal types of woody
vegetation used as fuel. However, wood from naturally occurring trees is today
only a minor component of the total fuel used, and probably has been long into
the past. Straw, leaves, crop residues, dung, and wood from cultivated trees,
all part of the anthropogenic landscape, form the major part of the pattern of

fuel use.

Modern fuel use in the Mantaro Valley.

As part of a long-term study of Andean fuel use, a pilot study on modern
fuel use was begun with interviews made in August 1985. Questions were asked
about types of fuel used, fuel preferences, collection and storage practices,
cooking and hearth use, and disposal and use of hearth debris. Fifteen
interviews were made. Six of the interviews were with women, three with men,
five with a couple or group containing both men and women, and one with two
boys who gave very incomplete responses. The responses are grouped for
discussion under three sections: fuel use and preference, fuel collection and

storage, and use of the hearth and of hearth residue.

Fuel use and preference.-- People were asked what fuel they burned and in what



proportion. The fuel categories asked about were firewood (lefia), dung
(bosta), straw (paja), cobs (mazorcas), and other (otro). In general, the
people interviewed said they used a combination of firewood, dung, and straw
for fuel. Figure 3 illustrates the relative frequency of use of the fuel
categories, as well as of the specific types of fuels used within each
category. About half the people said they used firewood most often, and about
half said dung was most frequently used. Straw is also in frequent use, mainly
to get the fire started. Maize cobs are seldom used.

The most commonly used firewood is eucalyptus. Several people added aliso
(Alnus jorullensis), quinual (Polylepis spp.), and pactae (Cassia sp.) to the
list of kinds of firewood used.? The dung used is from cows and sheep,
although sheep dung is not as suitable and is used less often. Straw for fuel
is from both naturally occurring plants of the fields and countryside, and the
crop stalks of quinoa (Chenopodium quinoa) and habas (Vicia haba). Seven
people also mentioned "other"™ fuels; these included kerosene and charcoal

bought in the market but other types mentioned in this category are woody



between use and preference is that while firewood (lefia) is the number one
preferred fuel most often, (dung never listed first), dung is in fact used
most frequently in about half the cases.

For light, kerosene used in lanterns is preferred by almost everyone.
Responses to questions about preferences for heat and for cooking were very
mixed; the answers including various mixtures of wood, dung, and straw, with
no clear pattern. There was no indication of widespread agreement that the
cooking of particular foods required particular fuels, although the oily
leaves and branches of eucalyptus are preferred for the special earth ovens

(pachamancas) which require hot fires to heat the stones.

Obtaining and storing fuel.-- The interviews indicated considerable variation
in when and where each of the main categories of fuel is collected (Fig. 5).

Patterns of fuel use also vary throughout the year with the seasonal
cycles of weather and agriculture. The frequent rains from November to March
make it difficult to collect such fuel resources as dung, shrubs, and grasses.
In the dry months from May to August these are easily available, and crop
residues provide an additional source of fuel in these months.

The main fuelwood, eucalyptus, is cultivated mostly on good land on the
valley bottom. The wood is most often obtained once a year in the span of a
few days and stored for the year. One to four trees are bought, cut, and
hauled home, or cut on the person's own land. Eucalyptus, for ;hose who can
buy or grow it, is the staple fuel in the wet season.

To augment this supply, shrubby woods are collected daily or weekly from

the hills, the lower slopes, and the ravines. More frequent shrub gathering



occurs in the dry season. One woman said she walked three hours every day to
get firewood, while another reported 1-2 hours, and another a hour a day.

Dung is collected daily, in ‘the corrals, fields, puna, or anywhere it can
be found. Four people said this was done when dry or in the dry season,
because, as one woman explained, it needs to dry for one week (Fig. 6.). One
person said dung collection took about an hour a day, and another said dung
was collected during other errands.

Straw of grasses and weedy plants is also collected daily in the fields
or pastures during the dry season. Two boys who were interviewed coming down
into the valley with bundles of straw said they went everyday to the hills to
get grass. At harvest time, the crop straw are all saved either for fodder or
for fuel. They are dried, stored in the house compounds, and used for as long
as they last.

Answers to questions about where fuel was stored were varied. Fuel is
dried on the roofs or in piles and stored in covered areas. Generally people
keep some fuel in the kitchen, with the main storage in a ramada or covered
area outside in the walled patio but near the kitchen. Some people also keep
the fuel in piles in storage areas in the house or patio. In one case, a
family had an old house that was used only for storage - fodder, crops, and

fuel. Several others had storage structures especially for fuel.

Use of the hearth and hearth residue.-- Most people light their hearths twice
a day for cooking, once in the morning and once in the afternoon, but let them
go out when not in use (Fig. 7). Only two people said that their fires were

going all day, and one said it was lit only once a day in the afternoon.
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The hearths are most often swept and emptied every morning. Generally the
ashes are thrown onto a pile (guano de corral) outside near a wall of the
house. These piles contain vegetable waste, dung, ashes, and other rubbish.
The pile is left to compost and is then used for fertilizer (Sikkink 1988).
Some people keep the hearth residue in a container and take it out once a week
or so to throw on the fields. Two people said they threw the ashes from the
hearth directly onto the fields daily.

The ashes from the hearth are definitely considered as valuable field
fertilizer. Every person who responded said that the ashes were used on the
fields. The most frequent pattern is that the guano de corral pile that has
accumulated near the house is taken once a year at planting time and put on
the fields. Papas (potatoes, Solanum tuberosum) and habas (broad beans, Vicia

faba) are the two crops mentioned that receive the ashes.

Discussion.-- Because of its relative scarcity, getting fuel in the Mantaro

\

Valley is expensive in time, effort and/or money, and fuel is{bafefull?ﬁqsgdﬁ
Most people light their hearths only for the preparation of morning and
afternoon meals, which are generally motes or soups that can be boiled in a
single pot over a small fire. The hearths are not used for heating the rooms.
The variation in the time the hearth was alight that was seen in the
interviews may reflect differential access to fuel and perhaps nutritional
standards. Sarah Skar (1982) found that in three Andean communities the time
spent cooking varied inversely with the time spent collecting fuel. She

describes fairly well-to-do women in the town of Huancarama who, using

primarily eucalyptus logs bought or cut on their own land, spend only half an
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hour a day collecting fuel and so have time to prepare three hot and varied
meals a day. In contrast, the women in the high farming community of
Matapuquio spend an average of one hour and 40 minutes a day collecting fuel,
and with less time to spend cooking, can prepare only two and in some cases
only one hot meal a day. Another illustration of the relationship between
hearth use and fuel availability can be seen in a comparison of two fuel
studies from Africa. In the mountains of Tanzania, where women have relatively
free access to a nearby forest reserve, the hearths are lit to cook three
meals a day and may be left burning throughout the afternoon and evening and
sometimes at night. The average family of five used 22.4 kg of wood each day
(Fleuret and Fleuret 1978). In a situation of scarcer fuel in Upper Volta,
where women spend more than four hours a day getting wood at some times of the
v
year, an average family of five burns only 4.2 kg per day (Ernst 1978) .

The assemblage of fuels used in the Mantaro Valley is varied and includes
several kinds of wood, kindling, dung, grass, crop stalks, and maize cobs.
Wood is the preferred fuel, but dung and straw are used as much as wood 1is.
This preference for wood fuels is also seen in Skar's findings that of eight
fuel types used by three Andean communities, only kindling and eucalyptus were
reported by all three. She also found that where fuel is relatively abundant

[;.'7;:?::
and many people own land, only wood fuels (with kerosene) are used, while
where fuel is scarce and people have less cash they use a greater variety of
fuel types (Skar 19§£). In the Mantaro Valley, although most people buy some
eucalyptus, they must supplement it heavily with gathered fuels. Jones

(1982:55) also found that several areas of Panama vary in the concordance of

fuels preferred to fuels used, indicating varying degrees of access to fuel.
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Much of the fuel used in the Mantaro Valley is not from naturally
occurring plants, but is either cultivated or is a by-product of crops or

domestic animals. Fuel production is not uncommon in fuel-poor areas; Chandola
v/ M
(1976) found that in an«Indian village almost all the fuel was either dung,

agricultural wastes, or wood from cultivated trees.

Acquisition of fuel in the Mantaro Valley forms a complex pattern,
varying with the seasons and the agricultural cycle, and with several

overlapping systems of land—use, land-tenure, and economics .

2 i
Lo Lt

Fuel dese’ varies throughout the year ;he dally collectlon time for fuel
J\LLKQl’{H”‘-’“!C\@@’UJQ*HWm ‘{» Lodd t JJf ~
other than the main-firewood supp&yrappears;toﬂbevaydry— season pattern,

.‘.\ 5 et (g Ao,

indicating that less time and more cash are needed for fuel during the rainy

season. Other field studies have found considerable seasonal variation in fuel
; ,

use; the women of the mountains of Tanzania -adse build up a stock of wood for

v

the ralny season when collecting is difficult (Fleuret and Fleuret 1978). The
C'V{,” ey, L
&senof crop residues at certain times of the year also affect the seasonal

/ Sk

pattern of gathering and use. Ernst (1978) found in a study inﬂWest Africa
that millet stalks are the principle fuel for six months of the year, while
£or' the rest of the year the women spend about four hours a day gathering
wood.

Today's “ideal"™ Andean fuel, eucalyptus, is a cash crop cultivated on
prime agricultural land that would otherwise be used for growing food
(Dickinson 1969). The trees are individually owned and are available only to

those who have cash or land. Auxialiary wood fuel such as aliso and gquinual

may also involve tree cultivation and individual ownership. Obtaining these
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large trees for the main fuel supply appears to be a male task, and it is
accomplished yearly or seasonally, with several days of cutting and hauling
the wood home. Whether this wood actually provides the greatest proportion of
the total fuel used is still unknown,- the woody shrubs, dung, and straw
collected on a more frequent basis probably contribute as much or more to the
fuel supply.

This frequent or daily gathering task is done mostly by women or children,
although men also collect fuel on a daily basis when out on other errands.
Shrubs and kindling can be gathered from hills and ravines. Traditionally
these lands are held communally, as is firewood land in the Marafion Valley to
the north (Brush 1977:77), but with increasing scarcity and privatization this
right may be@w curtailed. For example, Skar (1952) found that cooperatives
that control land are beginningfﬁ%e demand payment from neighbors for
pasturage and wood collected while pasturing. People are indignant about this,
she says, and sneak in at night to get wood since they consider it their
right.

The less valued dung, straw, and weedy plants are more easily available
and are collected in the corral, fields, puna, or "anywhere"™. In the Jauja
region, only the owners have rights to dung and straw from their corrals or
from fields in crops, but anyone may collect dung and straw from the communal
grazing lands of the upper slopes and the puna, and from fallow fields. Dung

may be much more efficient than shrubs and kindling to collect, especially if

ofode o _
obtained from the corral close to the house (Winterhalder 1974). v’k
R AL S ML SR : -25 o TN
All people living in a similar environment do not necessarily use the same
Vw"l)(;

combination of the /fuel collection strategies described above. How an
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individual family collects fuel depends on many particulars: where they live,

what kin and community ties they have, the composition of the family, and

their access to cash and land. Historical factors may also create differences
3 13 J X

in fuel use within similar environments; Skar (1982) found that in two

relatively fuel-rich Andean valleys the kinds of fuel used and the proportions

of grown fuel to gathered fuel are quite dissimilar, due to different

histories of land tenure in the two valleys. v ¥

Fuel use, then, varies with the seasons, with agricultural activities,
and with land tenure, with access to cash, and with social factors, but fuel
is always relatively scarce. Keeping the hearth alight is a major concern in

Life
Andean domestic eeéﬁgmy. People manage fuel with care and effort and use it

thriftily. Nor does fuel use end with the cooking of meals; the ash is

afterwards returned to the soil as fertilizer.

Past' landscapes and fuel management in the Mantaro Valley

How does this present pattern of landscape and fuel management compare
with past patterns?
The valley has been densely populated by towns of agricultural and
herding people at least since the Early Intermediate (ca. A.D. 200) and
probably long before (Browman 1956; Hastorf et al. 1988). We don't know at

this time what the original vegetation of the valley was like, but it has

probably been changing in response to human activities for thousands of years.
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Cook (1916) argues persuasively that/the present vegetation pattern is
anthropogenic, and that its natural state before human occupancy was forest
cover right up into the high puna. However, early Spanish accounts indicate
that even by the time of the Spanish Conquest fuel and wood products were

G4
relatively scarce, and fuel sources were managed and cultivated. The first
Spanish capital that Pizarro founded in 1533 was Jauja in the Mantaro Valley,

but Juan de Henestrosa, writing in the 1570's, says that the settlement was

moved to the coast to Lima in 1535 when it was perceived that there would be a

\

lack of firewood and water for irrigation in the Jauja Valley: "el primer Z

; ; 7 .
pueblo de espafioles que don Francisco Pizarro poblo en este reino, fue en el ( Gk

\ \ ['ff"fei'r

tambo de Hitun Xauxa, y estuvieron poblados dos afios; y por parecerles que era Lh ‘.
&
Falto de lefia este valle y de agua de regadfb para poder her [hacer] guertas e /)
otras sementeras, acordaron de irse a poblar en el valle de Lima..." (Jiménez
de la Espada lQégi volume 1:170).
ThlS does not 1mply that people were totally without sufficient fuel and
et on ) colorialEv—a " - o
wateréispanish perceptioefbf fuel needs were probably much greater than those
of the local Wanka people. Nevertheless, one gets the impression that wood and
fuel were not abundant and that careful use and management was necessary at
that time. For example, Juan de Henestrosa wrote that only two kinds of trees
grew in the Jauja Valley, aliso (Alnus) and quixuar (Buddleia), and that these
were planted by hand and brought in from outside in order to get enough wood
for their houses and the building of churches, and that only with work could
they find enough wood for their needs: "esto es puesto a mano y traido de D ok

fuera para el servicio de sus casas y edificios de iglesias, que con trabajo ¢ e ke o |

se halla madera competente para ellas..." (Jiménez de la Espada 1965, volume
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1:171) .

There is seme—evidence that similar fuel management in the form of tree

v

cultivation and regulated fuel use was a pre-Hispanic pattern. Rowe (1947:216)
writes about the time of the Inka: "Fuel was a serious problem in most valleys
because of the scarcity of trees. Bushes and scrub from the hillsides were
burned, and dried llama dung was a supplementary fuel. Dried llama dung burns
like coal with little smoke or odor. Under the Inca, wood-cutting areas were
strictly controlled to prevent stripping. Wood for roof timbers was imported
from the tropical valleys when possible, or improvised from the twisted
branches of the Qiswar tree."™ Fuel was enough of a valued commodity to be
collected as tribute and stored in the Inka gollga or state storehouses.

Listed among the gollga stores of the Jauja area given to the Spanish up to

/
1554 were firewood, charcoal, grass, and straw (D'Altroy and Hastorf 1984:340;

i Y - ; io Ao vatliy b lant
Espinoza 1971)). Trees such as guisual may have been cultivated in"'~& * oA B

7 [} 5 ¢
Y 4 R P o L
P rspantcetines” (Gade 1975:198; Yacovleff and Herrera (1935:41-42), as they

(F 1843 112%q
were in the seventeenth century (Cobo (1893 [}653], volume II, Libro
/.,f u ot Bttn, S ~[ " st JL?,MI!M 4
sexto:54), and as they are in the present. Molli trees'ﬁay also have been
U},{.Arv‘ -
cultivated and their distribution increased by the Inka (Gade 1975:184,
/

Latcham 1936:53, Sauer 1950:542).

Fuel use undoubtedly underwent a change after the Spaniards were
established in Peru. The per capita need for wood for fuel and building
probably increased. In the 1570's in the Jauja Valley they were already
building small square houses after the Spanish fashion, requiring more beams
for construction than the traditional round houses of adobe, stone, or clay,

and roofed with grass and aliso branches (Jiménez de la Espada 1965, volume
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1:171) . Padre Cobo commented in 1639:that the Spanish were very wasteful in
their use of fuel; he says that a Spanish household will use in a day fuel
v8al 1243
that would last an Indian household a month (Cobo 1883:volume IT, Libro
A A z-#‘;ﬂ &;‘1':«! o ‘:k':f' (% ~-1’€ No ) }\/
Sexto:6-9). An earlier chronicler,AGarsilaso de la Vega (1985:345) says that
most of the abundant molli trees (presumably encouraged or cultivated) near

Cuzco were cut down in short order after the Spanish arrived because they made

—~ such good charcoal; “conoscf el valle del Cuzco adornado de inumerables

{4 \,
/ ~ . i ,
0 ’ drboles destos tan provechosos; y en pocos afios le vi casi sin ninguno; la
eeov=
{(.»l { 7 s £ w
CLU causa fué que se haze dellos muy lindo carbon para los braseros...". Already

in 1551 there was a dearth of firewood in Lima for three leagues around, since
all had been cut. A program of planting was instituted and ordinances issued
requiring the planting of trees and punishing the cutting of trees, the making
of charcoal, and the use of large gquantities of wood in baking or in lime and
brick kilns, by Spaniards, Indians, or slaves (Jiménez de la Espada 1965,
volume 1:123).3

Other changes in fuel use under Spanish rule probably resulted from the
resettling of the people into clustered settlements (reducciones) starting in
the 1570's, which may have made fuel collection more difficult for the
nucleated population. Land use and the landscape changed as new crops were
grown and pastures were extended for introduced sheep and cows. Tribute in the
form of firewood was still paid by indigenous communities, but now to the
Spanish (Gade 1975:25) rather than the Inka.

On the other hand, pressure on fuel sources in some areas may have been

alleviated by the population decreases that followed the Spanish conquest. In
4 - ¥ . g L(""r' f ¥, r

- s O \ A gAY

Jauja province, popuiation size decreased by about 75% between 1525 and 1571.
p
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By 1754 the population of the province was further reduced by about half (to
21,000), then began to recover, and by 1940 (at 258,000) was twice what it had
been in 1525 (figures from Adams 1959:11) . One would expect, then, that new
pressure on fuel sources was felt during the rapid population rise of the 19th
century. Ruiz and Pavon, Spanish botanists travelling in Jauja in 1779,
report a population for the province of about 53,000, and although their
description of the landscape is disappointingly brief, they do mention that

"The plants that are produced in this valley are very few, and the fruit trees
EI_?’LS ]q‘(offﬁf \/

[
and other trees very rare" (Ruiz and Pavon:+55). By the end of the nineteenth o

century the increased population in the Mantaro Valley may have prompted

renewed fuel management —-- in 1887, records from the town of Muquiyauyo Jjust 5

St e

km from Jauja indicate a town resolution to make a community planting of aliso

/

(Adams 1959). In 1911 and 1920, the first plantings of eucalyptus were made in
giﬁé@fv_LW7
Muquiyauyo (Adams 1959) . The use of the eucalyptus spread rapidly throughout
Vg Ttangin f NG | Lfﬂ-.;..,» .‘:)

the valley. It has replaced the major indigenous trees in preference and

A
planting, having the advantage of fast growth and straight trunks.

The adoption of —&EEs eucalyptugxﬁ;d a major impact on the fuel-use
patterns and landscape of the Mantaro Valley. First, cultivation of the
eucalyptus differs from the native trees; eucalyptus must be started from seed
in special beds (Dickinson 1969), whereas the others are reproduced
vegetatively from shoots from mature trees (Adams 1959). Also, it has changed

0.
the landscape and lanqéie. Eucalyptus was first planted as a dooryard tree and
a field border, and fulfilled only local demand, but commercial demand for
v

the wood in the 1940's greatly increased production, and Dickinson (1969)

reports that irrigated fields in the best crop land are now solid-planted in
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eucalyptus. The large number of eucalyptus planted around the irrigated fields
/
also has a local climatic effect :"El gran numero de 4rboles de eucaliptus que
, B g , 7 p
bordean los campos, practicamente en todas las zonas bajo irrigacion, ejercen
indudalemente una influencia climé%ica local.™ (International Development

/

Service 1954) . The adoption of eucalyptus has changed the economics of fuel

use, since people without trees of their own must have cash to buy them.

Dickinson (1969:302) reports that a mature tree is equivalent in value to a
week's labor. Those with cash can buy their main fuel supply; others must

expend considerable time and energy collecting it.
CONCLUSIONS

The major changes in the pattern of fuel use in recent centuries have
"‘,’ o+ (AN s 'J
resulted from higher fuel use by the Spanish, ﬁéWeuses for fuel, great
population fluctuations, changes in land tenure, amd the growth of a cash
economy, and the introduction of new plants and animals, especially
eucalyptus. In spite of considerable change over the centuries, the pattern of

fuel use has retained a number of basic characteristics throughout. At least

since the Spanish Conquest, fuel has been relatively scarce and a limiting

R [

factor. The scarcity has been dealt with by 1) sparing use of fuel, 2)
maintaining a simple cooking style for low heat cost, 3) making use of all
possible available fuels, (wood, dung, shrubs, straw, etc.), and 4) the
cultivation of trees. The relative scarcity also means that 5) the
availability of fuel to different segments of the population has been uneven.

Ethnohistoric documents suggest that these characteristics were also a part of
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pre-Spanish fuel use, but further knowledge of prehistoric fuel use patterns
is needed. We are approaching this through the analysis of archaeological fuel
remains from the area.

Several points have emerged from this study of modern and historic fuel
use that illustrate the complexity of the interactions between people and
their fuel plants. First, it appears that simple availability does not
determine the pattern of fuel use. We have seen that social, cultural, and
historical factors have created differences in use within the same
environment. Second, we have seen a human group using its setting in a way
quite different than what is often portrayed by archaeologists-- of a group
exploiting the natural resources in its environment and then collapsing when
they run out. Rather, the system of fuel use is one of dynamic interaction as

(il T CL
there are continuous small changes in the landscape and lame use in
adjustment to the conditions of the moment -- people manage their landscapes
it (A s (oe Alovn VG o v k) ol<
.and- adjust to its changes. We have seen that even though the Mantaro Valley
apparently had its natural vegetation altered at an early time, this was not a
major hindrance to the growth of towns and cities and complex political
entities. The people made productive use of the landscape they had created.
The paucity of naturally available fuels has been compensated for by a complex
system of fuel management and fuel production. Creative interaction with the
anthropogenic landscape is apparently an ancient and continuing feature of
Andean fuel use. How this interaction between the people and their fuel plants

evolved awaits our completion of fuel remains from prehistoric households in

the valley.
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NOTES

1 Although not the focus of the present paper, we are also extending our study
of long-term changes in fuel use back in time by means of paleoethnobotanical
analysis of fuel remains from a series of archaeological sites excavated by
the Upper Mantaro Archaeological Research Project (Earle et al. 1987, Hastorf

et al. 19@@).

2 It is curious to note that no one mentions molli (Schinus molle). In the
il ‘/ "

Vilcanota area Gade (1975:84) says that after eucalyptus molli is the most

important fuel. Yet in the Mantaro Valley we have no evidence of its use

presently or prehistorically, although it grows in the area today.

3 Municipal ordinances of Lima made in November of 1551:"2a) those who have

fields are obliged to plant a thousand feet of willows and other trees within
one year or be penalized by losing their field. 3a) For making charcoal within
four leagues of the city the penalty for a Spaniard will be 50 pesos , for an

Indian the loss of the charcoal and ten days in jail, for a slave 30 pesos or
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100 azotes, whatever his master desires; and for a second offense 100 pesos

(ijjz a Spaniard, and to the Negro or Indian 100 azotes and the loss of the

charcoal; and the same penalty abplies to girdling trees. 4a). If anyone cuts
a fruit tree, except on their own property, the penalty will be 30 pesos to a
Spaniard and 100 azotes to an Indian or Negro. 5a) If anyone burns large logs
(lefla gruesa) in ovens, the penalty will be 12 pesos if bread is being made,

v
and 50 if lime or bricks are being made." (Jiménez de la Espada, 1965:123).
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once in afternoon: b 4
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every day: AKX
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once a year at planting time on fields: XXXXXXXX
taken weekly to fields: XX

specific mention of use on potatoes and broad beans: XXXX
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