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Editor's Note 

The basic feature of the IUBS Scientific Programme lies within 
its multidisciplinary character, which reflects the wide range of 
biological disciplines and in turn, the broad scope of biologists' 
concerns. 

A prominent example to this is provided by the proposa1 for a 
collaborative programme of research on "Comparative Studies 
on Tropical Mountain Ecosystems", published as a "Special Issue 
No 8 " and the paper included in this issue of Biology Internatio- 
nal on b'Agricultural Change and Genetic Erosion in the Andes", 
by S.B. Brush, which deals with one of the major problems to 
be faced in these areas. 

Similarly, in order to cover the broad and diverse nature of the 
IUBS components, Biology International will continue to provide 
information on its constituent bodies. The present issue includes 
summary information on the Union's Section of Radiobiology and 
Commissions for Algology, Environmental Mutagens, Primato- 
logy, Reticuloendothelial Societies, Social Insects, and Systema- 
tic and Evolutionary Biology. We hope future issues will cover 
not only other international organizations affiliated to the Union, 
but also national institutions active and concerned with global co- 
operation in the field of biological sciences. 
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Introduction 

Just as climatic and biotic changes occur with 
regularity over altitudinal gradients in mountain 
environments, so also does human land-use 
change. Studies of agriculture in mountainous 
regions show regular variation in crop and ani- 
mal distributions corresponding to environmen- 
ta1 changes, and in social and economic fea- 
tures such as land tenure, agricultural manage- 
ment, and land-use intensity (Brush, et al., 
1976; Rhoades and Thompson, 1975; Guillet, 
1983). These socioeconomic changes result 
from biological factors relating to production and 
from social, cultural and economic factors such 
as population distribution, market development, 
and the presence of distinct ethnic groups. 
Mountainous areas are important to social scien- 
tists because of the pattern of distinct ethnic 
groups there and because of their important role 
in cultural evolution. These areas are associa- 
ted with the invention of agriculture and with 
the rise of some early civilizations. Just as moun- 
tains are important for their biotic diversity, they 
are also important for their cultural diversity. 
This cultural diversity is manifested in many 
ways (Beaver and Purrington, 19841, but it is 
especially clear in traditional agricultural systems 
found in tropical mountains. This paper reports 
on a project underway in the Peruvian Andes 
to study changes in agriculture and how they 
affect the great diversity of crop germ plasm that 
is located there. The study takes advantage of 
the fact that the Andes are a region where agri- 
culture was invented and evolved independently 
over several millenia. One result of this bng evo- 
lution is a profusion of different crops and crop 
varieties. Another result is a system of land con- 
trol and land-use that exploits the complex 
mnuntain environment in an efficient manner. 

Andean Agriculture 

Agriculture was independently invented in 
only a few regions around the world (Harlan, 
1976). These were originally recognized by the 
existence of genetic diversity and subsequently 
better defined by archaelogical and botanical 
research. Among tropical mountain regions, the 

central Andes stand out as major center of agri- 
cultural invention and crop genetic diversity. 
Although numerous crops were dornesticated 
andlor developed in the central Andes, tuber 
bearing Solanum (potatoes) are of particular 
importance. The potato is the major staple of 
the Andean population, and it is the one crop 
that has become a major worldwide crop. 
Andean farmers continue to produce a very wide 
variety of potatoes (Brush et al., 1981 1. Seven 
species are grown in the region, and many hou- 
seholds maintain inventories of twenty or more 
distinct varieties. Within the ~ n d e a "  regions, 
some 5,000 individual varieties are recognized. 
Besides diversity in potatoes, the Andes is also 
a center of genetic diversity for maize (Zea maysl 
and for a number of more minor crops (Gade, 
1975). Unlike potatoes, maize is not native to 
the Andes but arrived as a cultivar in prehisto- 
ric times and was independently developed into 
a great number of varieties. The diversity of 
potato and maize in the Andes is a product of 
both the physical diversity and isolating factors 
of the region and of the long development 
period of each crop there. 

Although the potato is the major Andean sta- 
ple, most farm populations in the region rely on 
a variety of crops and animal products. Villages 
and individual households traditionally lay claim 
to several production zones where different 
crops are grown and animals raised. Four pro- 
duction zones are generally recognized in the 
central Andes: 1) a tropical zone below 
1 500 m altitude where coca (Erthroxylon coca), 
manioc (Manihot utilissimal and sweet potatoes 
(lpornoea batata) are important; 2) an inter- 
Andean valley zone between 1 500 and 3 000 m 
where maize (Zea maysl, beans (Phaesolus spp.) 
and squashes (Cucubita maximal are found ; 
3) a high valley zone between 3 000 and 4 000 m 
where tubers, especially potatoes (Solanum 
spp.), oca (Oxalis tuberosal and mashua (Tro- 
paeolum tuberosuml, and Andean c henopods 
(quinoa and canihual and European barley (Hor- 
denum, spp.) are cultivated; and 4) a high alti- 
tude Pasture zone where native Andean came- 
lids (Llama glama, etc.) are raised along with 
introduced stock. Apart from these major zones 
and crops, most farming systems recognize 
minor variations and grow a much wider variety 
of native and introduced species. The tuber 



zone, for instance, is subdivided into two sec- 
tions : a lower one where non-bitter varieties are 
cultivated and a higher one where frost- 
resistant, bitter varieties are grown. The bitter 
varieties must be processed into freeze-dried 
chuno before they can be eaten. This agricul- 
ture is cornplimented by extensive collecting of 
wild flora for food, medicine, construction and 
dyeing. These zones are not only recognizable 
by the crops and anirnals produced therein but 
also by different rules of land tenure and land- 
use, by different agronornic technologies (ter- 
racing, irrigation), and by the relative intensity 
of land-use. Some production zones are charac- 
terized by' communal ownership and open 
access (e.g. Pasture zones). In others (e.g. tuber 
zones), the cornmunity regulates land-use by 
setting the agricultural calendar and determining 
a complex sectoral fallow system. In others, 
individual ownership and management prevails, 
along with land-use intensity with such prac- 
tices as irrigation systems and production for 
market. 

Central Andean agriculture is thus character- 
ized by genetic diversity in the major crops 
(potatoes and maize), by technological diversity 
and by agricultural management diversity. These 
three types of diversity are interrelated and rnay 
be understood as adaptive responses by the 
Andean population to its environment. Factors 
that contribute to agricultural diversity derive 
from the steep environmental gradient produc- 
ed by altitude and its effects on rainfall, ternpe- 
rature, drainage, soils, and evapotranspiration 
ratios, from isolating rnechanisms, and from the 
long period of agricultural evolution in the 
region. The amount of land available in any one 
production zone and for any one crop is lirnited, 
and crops are often grown close to their envi- 
ronmental limits, especially rnoisture and tern- 
perature. The long period of crop evolution has 
generated a large nurnber of pests and patho- 
gens in association with the major crops. 

An agricultural response to these stresses has 
been to diversify the subsistence base, both in 
terms of numbers of cultivars and in terms of 
collecting wild plants. Crop diversity appear to 
be one strategv for successfullv competinq in 
this cornplex ci-evolutionary system ( ~ l a s s  and 
Thurston, 1978). Other diversifying responses 
have been to promote genetic diversity within 
important crops (maize and potatoes) and 
to fragment land holdings into numerous, dis- 
persed plots. Communal organization has faci- 
litated this strategy of agricultural diversity 
through the control of Andean valley systems 
with different production zones and by regula- 
ting the production system so that nurnerous 
crops can be cultivated. Communities control 
the sectoral fallow system in tuber zones; they 
regulate the agricultural calendar; and they 
manage irrigation systems that increase arable 

land in the dry, inter-Andean valleys. Potato 
agriculture depends on the regular exchange of 
seed tubers between altitudinal levels. Potato 
seed is moved from higher zones where aphid 
infestation and subsequent virus infection is 
lower. Apart frorn agricultural strategies that rely 
on diversity in crops, varieties, fields, and tech- 
nology, cornmunities and households depend on 
interzonal exchange. In sorne cases, this 
exchange appears to derive from lirnited produc- 
tion in any one zone (Thomas, 1976; Brush, 
19771, while in others it may be explained as a 
more efficient use of available labor (Golte, 
1980). In any case, exchange between agricul- 
tural zones dependç on access to pastures 
where pack anirnals can be kept and to a system 
of roads, trails, and bridges. Community mana- 
gement is a vital part of the srnooth functioning 
of these various exchanges between altitudinal 
zones. 

Agricultural Change 

Anthropologists and other social scientists 
have identified a number of factors and stress- 
es that encourage change away from the diver- 
sity that is traditionally part of Andean agricul- 
ture. These factors include demographic chan- 
ges, changing expectations, the growth of urban 
food demands and the penetration of roads and 
markets into isolated mountain areas. The main 
thrust of these changes is to move traditional 
Andean agriculture away frorn its diverse base 
toward one that is more productive and com- 
mercially viable. The rnost notable changes in 
the dernise of traditional agriculture are: 1) a 
decrease in the number of different plant spe- 
cies cultivated, 2) a decrease in the number of 
cultivars of major crops, 3) a shortening of fal- 
low, 4) replacing communal management by 
individual management, 5) the use of purchas- 
ed subsidies (seeds, fertilizers, insecticides, 
herbicides, etc.), and 6) an increased reliance 
of off-farrn income. The first two changes may 
be described as the process of genetic erosion 
and the others as intensification. All are related 
and occur in conjunction with each other. 

The Andes provide an excellent and challeng- 
ing place to study these two processes that 
affect both biological and hurnan resources. The 
biological resource is crop germ plasm while the 
hurnan resourcesare the knowledge and manage- 
ment skills that have been developed over 
several millenia of agricultural evolution in this 
difficult region. The study of genetic erosion and 
intensification dernands that the researcher con- 
sider questions of the environment and ques- 
tions relating to developrnent and moderniza- 
tion. In order to study these processes, a three 
year project is now underway in the Peruvian 
Andes focusing on changing patterns of rnaize 


































