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Foreword 
Sustainable Crop-Livestock Systems for the Bolivian Highlands 

Proceedings of the SR-CRSP Workshop on Research Priorities 

Jere L. Gilles and Corinne Valdivia
 
University of Missouri-Columbia
 

Most of the world's small ruminants live in the world's arid and semi
arid zones. It is in these regions where the fortunes of the rural poor depend 
most heavily on livestock production. Small runinants, sheep, goats, alpaca
and llama are particularly important for the livelihood of small rural produc
ers in these regions. This is particularly true in areas characteri-ed by
"agropastoralism," the combination of livestock and rainfed crop production. 
Crop prdtction in these areas is the most important source of livelihood, 
but it is also a risky endeavor. Crops and animals alike are threatened by fre
quent drotughts. Live.tock often play a crucial role in these systems because 
they are the only "perennial crop" that farmers have. They can utilize native 
rangelands and the residues of failed crops and provide the capital reserves 
needed to meet financial emergencies. 

While animal production is importrant fr the econolic survival of 
farners living in drought prone environments, there is some qusi iol as to 
whether production systems in such areas are themselves sustainable. 
Periodic droughts that expose soils to erosion, clearing of franile soils for 
crop pr, duction, and overgrazing, all contribute to' the deterioration of these 
production systems. 

Although agropastoral systems contain the largest umbers of animals 
and people in the arid and semi-arid regions relatively little research on the 
sustainability of these systems has been conducted. Studies have either con
centrated on the use of natural pastures by domesticated animals or upon the 
impacts of crop j-.roductiOmi on soils. Thtus past research has avoided exani
nation of the most important part of any agropastoral prodiiction systemi
the interaction between crops and animals. The articles found in this book 
are the first step toward a study ,;f agropastoral systems in the Bolivian 
Altiplano. 
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THE GENESIS OF THE CURRENT VOLUME 
The Small Ruminant Collaborative Research Support Program (SR-

CRSP) is a research program on small ruminant production sponsored by 
the United States Agency f'r International Development (USAID). The 
program involves 10 U.S. institutions and counterpart research institutes in 
Kenya, Morocco, Indonesia and Bolivia. SR-CRSP research is intended to 
improve the production and utilization of small ruminant products by small 
farmers and the rural poor. The U.S. institutions involved in the semi-arid 
agropastoral research are Texas Tech University, University of Missouri-
Columbia, Utah State University, and Winrock International Institute for 
Agricultural Development. The University of California-Davis is the man., 
agement entity of all the SR-CRSP. 

Research on sustainable agropastoral systems has been a major program 
area of the SR-CRSP since 1989. At that time it was recognized that there 
was a need for new approaches to the sustainable management of Third 
World rangelands. Most attempts to develop pasture management systems in 
the Third World over the past 30 years had failed, and there was a pressing 
need for new approaches to the protection of these fragile environmints. At 
the same time, theoretical developments in arid land ecology, had called 
into question the basis for many of the techniques used by resource managers 
in drought prone areas. Thus research on sustainable agropastoral s} ,tems 
was seen as an important area for small ruminant research. 

After searching the globe for possible research sites of an agropastoral 
research program, Bolivia was chosen as the site for this effort. A nenioran
dum of understanding was signed in 1991 between the SR-CRSP and IBTA 
(Instituto Bolitiano de Tecnologa Agropecuaria) to begin research on Bolivian 
agropastoral systems. One of the first steps toward developing a research pro
gram in Bolivia was to familiarize U.S. scientists with the latest thinking en 
agricultural sustainability under semi-arid conditions, and research on small 
ruminant agropastoral prodctiot! systems, their ecology, and internal 
dynamics. Previous research in Peru had shown feed resource as a main con
straint to livestock production. 

The mechanism chosen to do this was a workshop ("Sustaining 
Agropastoral Systems in the Bolivian Altiplano: SR-CRSP Research 
Priorities for the Next Decade," Lubbock, Texas, May 14-17, 1991). 
Presenters were experts on Bolivian agropastoral production systems, their 
ecology as well as their dynamics and constraints, and scientists who could 
outline recent methodological and theoretical developments re!evant to the 
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study of agropastoral systems in arid environments. Seven papers were coin
missioned to serve as the basis of discussions at the work'hop about criticai 
research issues in the Bolivian Altiplano. Bolivian, U.S., and Peruxvian 
researchers and potential participants in tile SR-CRSP in Bolivia participat
ed in the discussions. This volume contains these papers. 

We would like to take this opportunity to thank all those that in many 
ways made the wo:'kshop possible. We would like to acknowledge the pre
senters for their excellent job. In Texas Tech we need to thank Fred Bryant 
and his team, among them Morty Ortega, Karen Davis, Lisa Btadley, David 
Miko and Ernesto Flores, for eorganization Of thie lgistics, and making us 
all feel welcome. In i issouri we need to thank JoAnne Williams ftr all her 
work toget all of the partikijants to Lubbock We appreciate Joyce Turk, 
and John NIalechek, f r accepting the role of chtirpcrsons, and Edtzardo 
Segarra for fiacilitating the discussions. We also thank Keith Jamtgaard for 
conducting the panel discussions, nd Peter Burfening, Arturo Fl6,e: and 
P,.milgo Martine: I-Or their participa,ii n as panelists. We also appreciate 
the participation of (.onstance McCorkle, who was in the original planning 
of'this workshop. A very special thanks to Sharon W, od-Turley for her ded
icat i n lnd patience in putting this publication together. 

CONTENTS OF THIS VOLUME 
Even tLough the SR-CRSIt will conduct it.; onresearch agropastoral 

systems in Bolivia, the program's gttal is a global one. Cotnsequently it was 
important to identify research issu~es which would contribute to the sustain
able development of agropastortl systems in drought prone areas throughout 
the world. In order to achieve this objective, two types of piapers were com
missioned -three papers which took a broad tlieoretical perspective and 
four which focussed specifica !'yon Bolivia. Workshop discussions were 
directed towards developing linkages betwe .n the two types of papers. 

The first three papers were commissioned from persons who are recog
ni:ed experts in the area s of ecological theory, sustainable agriculture and 
farming systems research. The purpose of these papers was to focus the 
attention of those interested in the Bolivia research program on issues that 
had global importance. The first paper in this group is that of James Elli. 
Ellis outlines the recent thworetical developments itecological theory 
which served as the catalyst for the development of the SR-CRSP research 
program on sustainable agricuIltu re. Next Thurman Grove and Clive 
Edwards proxid. us with a general framework for studying agricu,ltural sys
tems, the interrelationship between animals and crops and the sustainability 
of these systems. David Norman's paper builds upon his considerable experi-
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ence with farming systems resea-ch and discusses ways for integrating social, 
economic, biological and ecological data in order to understand the logic of 
production systems. Norman also discusses how theories of household or 
peasan econonics contribute to this process. 

The foutr piper:; specifically concerned with Bolivia were designed to 
give an overview of the nature tt agropastoral systems in tlie Bolivian high
lands. DeAborah Caro's chapter presents three types of livestock production 
systems in the Boliviam Altiplano. She describes the dynamics of these sys
tems as well as the coistrailts FIaced by producers in each one of them. Juan 
Michael Pa inter looks at chanmging patterns of land use in the Bolivian 
Highland and indicates what the impact of these changes has been on 
agropastoral production systems. Both the Caro mnd the Painter papers dis
cuss the implications of their findings for agropastoral development. Carlos 
Quiroga's paper gives an overview of the ecology of Bolivia with special ref
erence to soils. clim ue and phys ica feattires. The final pltper in this group,il 
by Humberto Al:rreca, gives n overview of Bolivian research to date on 
small r'uinail ntlsia1diOll Bolivian pastures and ranges. 

"Together the seven papers assembled in this v\olum1e, represent an excel
lmt statement about tile staite of our kno\VledgCe of research on the sustain
ability tf production svstiems in drought-prone areas, as well as the nature of 
agropastoral systems in highland Bolivia. We hope that these papers will be 
of as great a use to their readers as they were to the participants in the 
Lubbock workshop. 
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CHAPTER 1
 

Recent Advances inArid Land Ecology 
Relevance to Agro-Pastoral Research 

inthe Small Ruminant CRSP 

James E. Ellis 
Colorado State University 

TRADITIONAL AND RECENT 

CONCEPTS IN ARID LAND DYNAMICS 

The small ruminant CRSP appears to be one of the few successes of inter
national livestock development in recent years. More generally, livestock devel
opment is seen as a f iilure Iecause of the very low rate of retil on investment 
achieved by livestock projects-less than 2% per annum on average (World 
Resources Institute 1990-91). The reasons for the failure of livestock develop
ment are many. De Haan (1990), in disLussing livestock programs in Africa, 
attributed the lack of success to: 
(1) a general misunderstanding by developers of traditional livestock systems 

and their adaptability and efficiency; 
(2) an attempt to apply a western model of ranch management directly to third

world situations; 
(3) the introduction of inappropriate technologies; 
(4) detrimental pricing policies and incentives in developing countries; and 
(5) 	inadequate in.titutional and implementational support from the recipient 

governments. 
Obviously, livestock de,,elopment is a complicated business and requires 

the understanding of a variety of problem dimensions and some skill at predict
ing the fiture. This paper focuses on problem (2) above, the ecological assump
tions underpinning the western model of range management and explores how 
we can utilize new knowledge about grazing system behavior to provide better 
concepts and models for range management and livestock development. 

When de Haan refers to the western model of range management, he pre
sumably has in mind the range condition and trend model (Sampson 1919) 
derived from the Clementsian theory of succession, a concept developed to 
explain the dynamics of the mesic prairies of North America (Clements 
1916). This range condition and trend (RC&T) model assumes that range
livestock systems opp- ,iments that are geneially stable or equilb
rial (Dyksterhuis 1 management of grazing systems consists 
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largely of determining carrying capacity and regulating animal stocking rates 
to maintain the range in good condition. The RC&T model implies that for 
all practical purposes, the ecosystem is under the control of the range manag
er.This general assumption, that rangeland ecosystems are potentially stable, 
may be responsile for the prevalent idea that if vegetation change is 
observed, it is the result of misuse by herbivores. Thus desertification (Steb
bing 1935) is most often attributed to over-exploitation by livestock and peo
ple rather than to other causes such as climate change (Lamprey 1983; Stiles 
198.3; Sinclair and Fryxell 1985). As a result, range- livestock development 
projects often proceed from the premise that rangelands are overstocked and 
degraded and redtLtion of animal numbers is an obvious necessity which need 
no'. be further justifieJ (Sandford 198 3). 

However, rani.ge managers have recognized for a long time that the 
RC&T model does; 't work well everywhere; it is particularly weak when 
applied to dry rangelands (1-Lyder et al. 1966, Smith 1989, Wilson 1989). ThuLs 
the whole fibric of"assumpItions- including successional sequences, carrying 
capacities, and livestock-induced degradation, all of which are part and parcel 
of the condition and trend modl-ought to be reevaluated where arid or 
semi-arid rangelands ar- concerned. 

In recent years, ecologists have demonstrated that many rangelands 
exist under climiate regimes that are fiar from stab! (Wiens 1977; Caughley 
et al. 1987; Walker 1989; Ellis et al. 1991 ); dramatic year-to-year variations 
in rainfall, as well as long-term shifts in the climate patterns of arid lands, 
have been analy:ed by climatologists (Tyson 1986; Neilson 1986; Nicholson 
1986). In response to this information, alternative paradigms and models 
have been put forward in an attempt to explain the observed dynamics of 
rangelands and to better incorporate the effects of climate variability on 
grazing systems. These new molI's fall into two geneal categories: those 
which emphasize that high-nagnitude recurring climate v'ar~ability drives 
both vegetation and herbivore dynamics (non-equtilibrial, centripetal, or 
chaotic models) and those which emphasize that herbivore grazing pressure 
and irregular climate events interact to push ecoystems over thresholds to 
new states (the stare and transition model). In both cases, the authors of 
these models point out that the traditional range condition and trend con
cept is inadequate when and where such ecosystem instabilities occur. Some 
-ritical questions arising from these new formulations are the ftllowing: 
I) what sorts of dynamics can we expect from non-cquilibrial grazing sys

tems which are under the influence of highly variable climates? 
(2) what putshes an ecosystem over a threshold to a new state? 
(3) 	what prevents systems from returning to former states once they pass 

over a threshold into a new state? 
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(4) 	 are these new models of ecosystem dynamics compatible in that they 
simply represent differeit time frames of analysis? 

(5) how sho,uld highly dynamic range ecosystems be managed? 

THE STATE AND TRANSITION MODEL 
The traditional RC&T model designates the regional vegietation climax 

as the maximum range condition. Departures from this condition occur 
along a retrogressi\ e succession: range condition decreases as the vegetation 
community Jepart:; further from the climax state. Departures are generally 
viewed as induced by gra:ing, although drought may lead to the same results. 
The state and tran-ition (S&T) model focuses not on successional sequences 
and 	 the climax condition, btt on existing vegetation states and the proba
bility and causes of shifts fron: one state to another. The S&T model was 
proposed in 1989 (Westoby et al. 1989) and amplifieI in 1991 (Laycock in 
press), but it has a longer intellectual legacy (Noble 1986). Noy-Meir (1975,
1978, 1982) and Walker and Noy-Meir ( 1982) used the concept of multiple 
stable states in grazing systems to describe hO herbivores might drive sys
tem structure from one stable state to another. Although the state and tran
sition model is related to the multiple stable state concept, it emphasizes the 
importance of irregular events (climatic events, fire, etc.) in causing transi
tions from one state to another. Laycock (in press) arad Friedel (in press) 
emphasize the role of thresholds which act to prevent the system from 
returning to its former state once it has undergone a transition. This is an 
important point; Unlike successional systems, S&T systems will not neces
sarily return to a higher successional state or better range condition if 
released from grazing. Active management may (or -flay not) succeed in 
restoring former states. In this formulation, herbivores modify the ecosystem 
in ways that make it more vulnerable to change (Foran et al. 1986, Friedel 
in press); tile actual change in state is often - "iggered by a climatic or other 
type of "event" (Westoby et al. 1989). 

THE NON-EQUILIBRIAL MODEL 
The S&T model reviewed above takes account of long-term shifts in 

climate patterns and/or major climate events such as droughts or heavy 
rains, whicl combine with grazing pressure to alter ecosystem state 
(Stafford-Sinith and Morton 1990). The non-equilibrial (N-E) model 
emphasizes the ongoing role of climate variability in regulating the popula
tion dynamics of herbivores as well as influencing vegetation production and 
state (Wiens 1977; Caughley et al. 1987). Becaulse herbivore populations are 
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limited by frequent climate perturbations (droughts, blizzards), plant-herbi
vore interactions in non-equilibrial (N-E) systems are proposed to be loosely 
coupled with reduced impact of herbivores on vegetation. Herbivore popula
tions may seldom expand to reach the carrying capacity of the ecosystem, 
due to the density-independent effects of climate perturbations on their pop
ulations (Ellis and Swift 1988; Goldstein et al. 1990). Thus i-, these models, 
the concepts of thresholds and state changes are less relevant in the short 
run than questions about how ecosystems maintain their stability in the face 
of high climate variability (DeAngelis and Waterhouse 1987). Stated anoth
er way: what properties maintain the ecosystem in certain states or domains 
of attraction, despite the high frequency of external perturbations? 

CASE STUDIES: TRANSITIONS IN ECOSYSTEM STATE 
Numerous examples illustrate the sorts of dynamics proposed in the 

state and transition model (Westoby et al. 1989, Lavcock in press). Howev
er, some of the best documented examples of large-scale vegetation transi
tions to a new and more stable state are from the southwestern U.S. 

DESERT GRASSLANDS 
The dry rangelands of southern Arizona and New Mexico underwent a 

shift from a semi-desert grasshnd to desert shrubland over the last 100-150 
years. Much of the northeastern portion of this region, the Chihuahuan desert 
of southern New Mexico, was formerly dominated by grasses, including black 
grama (Bouteloua eripoda), but large areas of this grassland have been replaced 
by shrubs, including creosote bush (Larrea tridetata) and mesquite (ProsOpis 
glandulosa). This shift in Vegetation state occurred in conjunc'tion with a dra
matic rise in grazing by domestic livestock in the late 1800s and early 1900s; 
stocking rates peaked around the 1920s. It is clear that heavy grazing con
tributed to the transition in vegetation state. What is less clear is the role of 
climate change and the interactions between climate and grazing in instigat
ing and maintaining this transition. 

Some authorities suggest that grazing impacts alone are sufficient to 
account for this desertification of the region, and they seem to infer that cli
mate change had little significant impact on the transition (Schlesinger et al. 
1990). In this interpretation, the shift from grassland to shrubs could have 
resulted from the grazing process alone. Heavy grazing during the growing sea
son could have contributed to the loss of grass cover and to lowered competi
tive potential of grasses. Trampling reduces soil water infiltration rates, leading 
to greater rumnoff and erosion and losses of soil nutrients. Together these effects 
lead to lower levels of available soil moisture and nutrients and a more hetero
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geneou'; distribution of both. This is advantageous to shrubs which exploit the 
non-uniform concentrations of water and nutrients. Once the threshold of 
shrub dominance was breached, a positiv'e feedback situation may have been 
set up with shrub microsites capturing more of the available moisture and 
nutrients while the bare soil interses between shrubs generated overland flow, 
soil erosion, and nutrient loss (Schlesinger et al. p. 1044, 1990). This scenario 
might accoullt for the fililtire of the system to retur'n to its former (grass-domi
nated) state even after the total removal of grazing. Once tile nutrient and 
water-sequestering shrub communities were established, grasses would fail to 
reinvade the shrub interses due to the degraded nature of these ilicrosites. 

The above explanation f;Or the observed desertification of the region 
generally discolnts tile iinportance of major changes in climare pattern 
which were coincidlent with the vegetation transition. "A marked shift in 
the climate at about 1900 (the end of the 'little ice age') was coincident 
with a rapid and extreme rise in (livestock) stocking rates ... From 1900 to 
1940 the globe experienced the first major warming trend since the begin
ning of the 'little ice age' in the 15th century" (Neilson p. 29, 1986). 
Although his analysis of climate is complicated, Neilson makes a compelling 
case that long-term shifts in climate pattern have .ontrolled vegetation state 
in the southVest over the last 20,000 years, lld that alterations in rainf:ill 
and temperature patterns over the last 130 years are sufficient to explain the 
shift in dominance from grasses to shrubs ill the Chihuahuam desert. 

Neilson (1986) argues that prior to 1900, black gram (a C4 grass) was 
favored by a climate pattern of relatively consistent Late sulimmer/autun 
precipitation and winter drought. The 1900 io 1940 global warming trend 
was iCcolmlpanied by a shift to lowered summer and increased winter rainfall 
which inhibited the establishment of black gramna and enhanced tile estab
lishmnent and growth Of mesquite and creosote bush (both C3 shruls). He 

proposes that the black grama grasslands of tile late 1800s were established 
under and adapted to 300 years of the little 'ce age climate and are not well 
adapted to the present climate. For example, between 1915 and 1968, black 
grama produced seedlings in only seven years. Although capable of asexual 
reproduction, reduction of black gram, by heavy gra:ing, combined with 
poor seedling establishment and expansion of shrubs during favorable winter 
rainfall periods, could account fo~r the observed shift in vegetation state. 
Neilson agrees with Schlesinger et al. (1990) that on-ce the nutrient and 
wiater-sequestering shruls are established, they have a strong competitive 
advantage. In additio,, precipitation patterns since 1940 still appear to favor 
C3 shrubs over C4 grasses. 

Recent advances inarid land ecology 5 



These two alternative hypotheses are consistent in some ways. 
They both identify heavy livestock grazing, as instrumental in the veg
etation transition; both maintain that the period of the transition cov
ered a multi-decade-to-century time frame; and both suggest that a 
threshold of sorts (the establishment of dominance Iby the shruIs) mil
itates atiinst the return of the system to its previous stare. They dis
agree as to the role of climate change illcausing the transition. 
Overall, Neilson's hypothesis is more consistent with the state and 
transitio model of Westoby et al. (1989), because it accounts for 
effects of both herbivores and climate change in ,'ediating tile v'egeta
tion transition. 

SAVANNAS AND WOODLANDS 

Tile R;, Grande plains of southern Texas and northern Mexico have
 
also undergone a transition in vegetation state over the last 200 years.
 
Experimental work on the processes of the transition, plus a review of a rich
 
literature on the subject, have been conducted by Archer (1989, 1990) and
 
his colleagues. 

Grasslands and sitvanails, dominated by C4 grasses, incluLing Paspaum 
setocCu ni,Setaria geniculaw, 13outelotua rigidisemt, and Clhois ctcullata, have 
apparently I-een invaded by shrub1s and small trees (lesqulite), leading to tile 
devXelOpment of dense wood lands. Archer and his co-workers explored tile 
mechanisms Of' th,, wooIdyh plant invasion in somle detail (Archer et al. 
1988). Howevcr, the impimitaml results of their work, for the purposes of this 
discussion, relate tothe probale ciuses for the shift from griss to tree domi
nance. Their conclusions focus on the interactive effects of livestock graz
ing, fire, and clinmate :iteration. 

The increase in abundance of woody plants in sLAuthern Texas coincides 
with the development of the livestock industry in tile region starting in the 
e.arly 1800s. Large numbers of livestock probably facilitated the spread of 
mesquite by enhancing seed dispersal and est,lblishment. InLrcased grazing 
presumably also reduced grass biomiss and fire frequency and/or intensity, 
fav'oring the expansion of woody plants. At the same time, changes illthe 
rainfall regime, includi,, increased winter precipit-ition, may have favored 
tile C3 woody plants. "Thus, climatic changes such isthose of tile past 100
200 yr may have been necessary, but by themselves were perhaps not suffi
cient, to have caused a shift from grassland or savanna to woodland" 
(Archer p. 555, 1989; 1990). However, rainfall atmount, as well as seasonali
ty, appears to affect woodland expansion. Tile relative growth rate of shrub 
clusters was low or negative during a120-year drought period, While cluster 
growth rates were positive and higher during a 2 0-pls-year wet period 
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(Archer 1989). As in the case of the transition from desert grassland to 
shrubland, livestock grazing appears to have been an important facilit.tor of 
tile observed transition, but the acconipanying climate ch,,nges were also 
important. 

These two examples (desert gnassland and Texas sia.,anna) of shifts in 
vegetation, from grassland to shrul . I or woodland, have comionalities: 
(1 ) I oth implicate the interactive effects of increased grazing a..d changes in 
rainfall patterns, and (2) both imply the existence of a threshold prevelting 
the return of the system to its former state. Neither of these concepts is con
sistent with the traditional range condition and trend model, but both are 
consistent with tile S&T model and provide support for its validity. Howev
er, it is not clear illeither of these examples just how gra:ing and climate 
alterations interact to produce the vegetation trar'sition. Illother c-xplo
rations of the threshold phenonlenon, Foran et ,l1.(1986) and Friedel (in 
press) have used ordination techniques to show that heavily grazed systems 
are more dynamfic, with more frequent small changes illspecies composition, 
than lightly gra: d systems. Thus herbivores may make these systems more 
susceptible to major shifts in vegetation composition as well as inducing 
small change. themselves. Current evidence could I~e interpreted as follows: 
Herbivores camse changes in vegetation composition through gra:ing activi
ties alone; hov ever, these changes are moost likely to alter tile balance 
among tile existing colponents of the plant conmmnity. Where major 
changes in life form or vegetation type occur, additional factors, such as cli
mate change, or alterations in fire regime are likely involved. 

The major miagement implications of the state-transition concept 
indicate that manipulating stocking rates is m inadequate approach to range 
Imanageent. The manager must also pay ttention to climate patterns, be 
sensitive to occasional "felltS," and be opportunistic. Managers imaly occa
sionally need to exert considerable nmnagement effort illorder to move the 
vegetation from an undesirable to a desired state (Westoby et al. 1989). 

CASE STUDIES IN NON-EQUILIBRIAL DYNAMICS 
The ahove examples of vegetation transitions demonstrate tile imade

quaIcy of the range conition and trend mo10del, both as a conceptual con
struct and as a management guide, where ecosystems have been subject to 
major climate shifts and/or radical changes illherbivory. Other conditions 
also render the RC&T approach inappropriate. 

One of the fundamental assunmptions of the RC&T model is that man
agers can estimate carrying capacities for range ecosystems, arid by matching 
stocking rate to carrying capacity, a range can be maintained good condiill 
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tion. It is implicit in this assumption that the climate is reasonably stable, so 
that establishing a carying capacity is a ,,sful exercise. Folloing from this 
assIImlptiofl, poor range condition or departures from the hypothesized cli
max condition are, ipso facto, indicative of overstocking and overgrazing. In 
contrast, the concept of non-equilibrial dynamics focuse; on the variable 
nature of climate and its effects on range ecosystems. The examples present
ed below demonstrate that it is sometimes impossible to ia.iae through 
manipulation of carrying capacities, when climate variability is great. 
Instead, vegetation and livestock production are likely to be highly dynamic, 
requiring a very different approach to management than is useful under rela
tively stable climatic situations. 

KANGAROOS ON THE SHEEP RANGELANDS, EASTERN AUSTRALIA 
Arid and drought-stressed ecosystems in eastern Australia, grazed by 

kangaroos and sheep, have been studied by Caughley et al. (1987). The 
rainfall in this region averages 200-300 mm per year but is highly variable; 
,he coefficient of interannual rainfall variation is 45"',: "In three of ten years 
the annual rainfall is more than fifty percent alove or below the annual 
average. Floods and droughts are common" (Caughley et al. p. i59, 1987). 
The effects of this variability on past !re and herbivores is substantial. Pas
ture biomass fluctuated by two orders of magnitude over a three-and-a-half
ver study, which included a severe drought and a recovery period. Plant 
species composition also varied over this period with alterations among 
annual grasse:i, forbs, and perennial sub-shrubs. These chamges in dominance 
appear to be influenced more Ly cainfall patterns than by the grazing pro
cess. Kangaroo populations fluctuated from a low of near 15 to a high of 50
60 per km 2 , over an 8-yr period coincident with a drought and recovery. 
These high densities collapstd during a subseqtuent drought (1982) to less 
than half their previous numbers (Caughley et al. 1987). 

The 100-year rainfall record indicates that the dynamics of pasture and 
herbivores observed during this study are likely to be the common pattern in 
these rangelands. Vegetation biomass varies drastically from year to year; 

plant species composition changes iapidlVdepending on both amount mnd 
seasonality of rainfall, and herbivore p, pulation dynamics reflect these rpin
fall and vegetation changes. The investigators conclude that the dynamics 
of the system reflect the variance of rainfall more than the mean. Their 
model simulation of the long-term dynamics of this csystem confirmed 
strong fluctuations of forage av'ailability and herbivore numbers over time 
btut did not suggest transitions in vegetation state or extinctions of animals. 
They suggest that where climatic variance is high, the concept of an ecoL)g
i.al carrying capacity is "largely an abstraction, not entirely meaningless, but 
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not %,,vryuseful ... et;it cramps oUr understanding of that system" (Caughley 

al. p. 194, 1987).
 

THE SOUTH TURKANA ECOSYSTEM 
Results of a long-term study of a dry tropical ecosystem in Turkana Dis

trict, northern Kenya, inhabited by nomadic pastoralists, demonstrated 
dynamic patterns similar to those observed in eastern Australia. The coeffi
cient of interannual rainfll variability in central Turkana is slightly higher 
than 50%. Ellis and Swift (1988) noted large variations in both primary pro
duction and in liivestock numbers (near 50% mortality) in response to 
droughts and heavy rainfill periods. loxe'er, nt major changes in livestock 
herd coIposition or in \egetation state were observed Over a ten-year study 
period, despite the high climate variability. Nevertheless, mtodel simulations 
of the long-term (65-yr) dynamics of thi:, ecosystem suggest that a long, 
severe drought early in this century might have altered herd composition as 
Well as reducing overall vegetat ion and livestock production (Ellis et al. 
1991). Other evidence raises the possibility that moderate magnitude 
changes in vegetation st:ite (shifts in tree cover) tnay have coincided with 
major shifts in rainfall patterns over the last sixty-five years. The results of 
this study, like those of Caughley et al.and Wiens (1977), show that in 
highly variable environments ecosystems are likely to operate far from equi
librium much of the time. Thus concepts like the RC&T model, based on 
assumptions of stable climates and eqIilibrial ecosystem dynamics, are inap
propriate as a ba.,is for either science or management under the:;e climatic 
conditions. 

These new concepts of grazing system dynamics (the S&T and N-E 

models) seem better suited to the dynamis of many arid and s.emi-arid 
rangelands than the classical range condition and trend nodel. Both the 
S&T and the N-E concepts are attuned to a highly \'ariable climate which is 
charactetistic of most arid and semi-arid grazing lands. Both concepts reflect 
that these grazing lands are suscelptible to change but are often surprisingly 
stalt'le unless seriously abused. From a managerial viewpoint, both the S&T 
and N-E models suggest that opportunism, vegetation monitoring, and 
active management are appropriate in these dynamic systems, and that car
rying capacity and stocking rate are insuffi,:ient as concepts for successfIl 
grazing system development and managetv ent. Sandford (1083) and Ellis 
and Swift (1988) have argued that the opportunistic strategy practiced by 
many African pastoralists is the appropriate and rational mode of livestock 
and range mnamgement where climate \'ariability induces non-equ ilibrial 
dynamics in grazingland ecosystems. 
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IMPLICATIONS FOR HIGH-ANDEAN 
PASTORAL AND AGRO-PASTORAL SYSTEMS 

Do these new concepts in range ecology and management have any rel
evance to the agro-pastoral systems of the Bolivian Altiplano? The answer 
to this question depends upon the climate patterns of the altiplano, tile cur
rent state of rangeland vegetation, and ho"w that vegetation state is related 
to current exploitaltion patterns and to the grazing history of the region. 

If the climate of the altiplano isqu1ite stable with little interannual vari
ation and a low frequency Of droughts or other climatic perturbations, then 
it could be concldedl that altiliano ecosystems operate near equilibrium 
most of the time and thuLs the RC&T concept is probably appropriate for 
management. Criteria for judging the variability of climates are only now 
being developed. Caughley and his associates (1987) suggest that if tile 
interanntial rainfall CV is greater than about 30%, then tile ecosystem is 
probably better defined by its variability than by its mean; i.e., it operates as 
a non-equilibrial ecosystem. 

Referring to the well establiskhed relationship between precipitation 
variability and its mean value, Coppock (1990) proposed that tropical 
regions with less than 400-500 mm annual nnfall might demonstrate non
equilibrial dynamics; alternately, in regions with greater rainfall, concepts of 
succession, carrying capacity, and herbik ore-driven degradation might be 
appropriate. 

Tile climate patterns of the Bolivian altiphlo should be examined to 
see where they fall on this scale of variability. If it is established that climate 
variability is low, then livestock development and range management proce
dures can probably be safely based on the RC&T model. If, on tile other 
hand, climate variability is high, then the RC&T model is not applicable, 
and opportunistic management, based on tracking the changes in plant 
biomass through rapid destocking and restocking, should be explored (Sand
ford 1983; Stafford -Smith ad Foran in press). 

It would also b,! useful to determine if the current vegetation (I) repre
sents a major departure from a historical sate, (2) is currently undergoing 
transition, or (3) is in a relatively stable state. It has been suggested that the 
altiplano has been overgra:ed for 2000 yrs (Browman 1974). If this is the 
case, the vegetation should have reached a stable state which is relatively 
resistant to further overgrazing; it would be expected to be in a degraded but 
relatively stable state. If there is evidence of recent, widespread vegetation 
change (not just around villages or other livestock concentration points), 
then it should be determined if this is related to changes in grazing pressure, 
climate, or both. If the regional vegetation appears reasonably stable, then 
management and development strategies must be based on that vegetation 
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state. Alteration of the current state to a more desirable one is likely to he 
practical only if it can be justified in cost-benefit terms and only if the pro
posed new state can be shown to be stable (sustainable) in the long run. 

The major lesson of these recent advances in arid land CcolOgy is thIe 
following: we cannot assume that rangeland ecosystems are stable or that 
change occurs only as a response to alterations in graing pressure; graed 
ecosystems and their rtanagement and develoTpmetnt are more complicated 
than this. It is therefore important Io attempt to understand the long-term 
dynamics of these ecosystems before selecting a management or intervention 
strategy. The alternative is to pursue the same proce-dures that have led to 
twenty years of failure in livestock development. 
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BACKGROUND AND CONCEPTS 

The principal concerns of traditional agricultural science are cause
effect relationships between conponents of agricuiltural systems. Typically 
these relationships are measured in terms of yield or related to yield. Of less
er concern are the relationships anmong soils, animals, vegetation, and man
agement practices. The conceptual reduction of agricultural systems to a 
series of cause-effect relationships leads to simplistic and disciplinary experi
ients (Altieri 1983). As a result agronomic recommendations are often 

based upon single cause-and-effect relationships e.g., fertilizer recomnmenda
tions are typically based upon bioassays in which all nutrients other thart 
that being tested are supplied in excess. 

This reductionist approach works well when maximum yield isthe princi
pal objective. It falls short, however, in identifying the interactions that are 
impiortant for the fulfillment of other objectives such as productivity, opti
mization of yield, stability, resilience, risk reduction, or environmental protec
tion. The development of management strategies for such objectives requires 
understanding of the interactions amnong componients and the processes by 
which the agricultural system functions. The concept of an agroecosystem 
emerged as a framework for studying the complexity of suIch interrelationships 
(Altieri 1983). Agroecology isthe study of such ecosystems. 

In developed and developing countries, there is a general perception 
that many agricultural practices are leading to degradation of natural 
resources through soil erosion, water contamination, deforestation, desertifi
cation, and loss of productivity (Dover et al. 1987). These trends are most 
evident in developing countries of the tropics where soils commonly are 
highly weathered, lowV in fertility, shallowv, or suIsceptible to erosion (Jacob
son 1988). Additionally, agricultural ecosystems in the tropics are subjected 
to greater numbers and intensity of pests, diseases, and weeds than in the 
temperate :ones (Dover et al. 1987). There is concern that increased yields 
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from high chemical inputs may not be sustainable over the long term on 
many tropical soils. Currently, even on many prime lands yields are decreas
ing, and the rural poor who are typically subsisting on marginal natural 
resources rarely hav'e adequate or secure access to chemical inputs (Francis 
et al. 1986; Lal 1990). 

Tile development of tile concept of sustainable agriculture is a relatively 
recent response to concerns about degradation of natural resources. Har
wood (1990) Slggests that tile concept of strstainable agriculture was first 
articulated by Jackson (1 980) and by Rodale (1983), \ho outlined a concept 
of regenerative agricuhlure which renewed natural resources. These early dis
cussions emphasized the importance of maintaining the renewal capabilities 
of agricultural ecosystems and claimed that many conventional agricltural 
practices were deleterious to renewal. This concept has promoted much dis
cussion and has evolv'ed into a framework for a more sustainable agriculture 
that integrates principles of ecology and that emphasizes interactions among 
and within the biological components of agricultural ecosystems. 

GOALS OF SUSTAINABLE AGRICULTURAL SYSTEMS 
Sustainable agricultural systCms should maintain or increase biological 

and ecomm ic prOductivity. Biological productivity is required to feed indi
vidual farm families and thelpopulation of nton-imrni people. Economic pro
ductivity is required to pn vide income for farmecs. They should enhance 
the efficiency of use of inputs. Increased efficiency leads to greater economic 
productivity, because it lowers the input requirements; it also lessens adverse 
environmental impacts both on and off the farim. Sustainable agricultural 
systUm, should be both stable and resilient. Stability reduces risk and leads 
to continuity in income and food supply by fuilfilling the short-term needs of 
farmers without endangering natural resources. Resilience permits adapta
tion to changes in the biophysical and socioeconomic environments. They 
should be environmentally compatible to avoid contaminatiol and to inmi
mize adverse environmental impact on adjacent and dow\\nstreai environ
ierits. Finally, thcy Should be socially compatible with local people and 
political economies. 
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INTEGRATED FARMING SYSTEMS 
The components of a farn must be integrated for it to persist (Grove et 

al '191). A dynamic conceptual model for a farm (Figure 1) is a simple mass 
flow model, Which consists of two parallel paths of flow through the farm. 
One pathway is a socio-economic t1ov which has inputs of land, labor, capi
tal, culture, and knowledge or information. Land, labor, and capital are the 
traditional inputs of economic models, and labor and cal ital-based inputs 
are often considered interchangeable; e.g., herbicides are substitutes for 
hand weeding or cultivat ion (NRC 1989). Tradition, inforrmation, and 
knowledge can also be substituted for labor and capital, e.g. appropriate 
intercropping can minimize weed problems. 

Ottputs of the socio-econom ic pathway are fulfillment of livelihood 
needs and include income, health, knowledge, social stability, and a sense of 
coiiunity. Income is the most coTnmonly recognized output of"a farm. But 
livelihood goes well beyond income, Ibecause farming is also a lifestyle. The 
foirmulation and perpetuation of values and the persistence of a community 
sense are probably equally important outputs. 

The importance of internal socio-ectnonic processes on a farll are 
often overshadowed by the inputs from which they develop and the outputs 
they produce. The farm provides collateral for loans to cover capital expen
ditures and operating costs. Land appreciation is a hedge against inflation, 
money in the bank, and a retirement accoUit. Farming provides a lifestyle 
that binds a household together and is a heritage that can be passed among 
generations through inheritance of the fiam. Indigenous knowledge is typi
cally a product of generations of adaptation of farming practices to local 
environments. Family, tradition, and fIrmu,lation of values are all processes 
that are facilitated on the farm. 

The biophysical flows run in parallel with the socio-economic flows. 
Physico-chemical inputs include energy for operations such as tillage, harvest, 
and storage, and agrochemicals for fertilization and pest control. Biological 
inputs include organic matter such as crop residues, animal manure, legume 
nitrogen, cover crops, rotations, and cropping patterns. Physico-chemical and 
biological inputs are familiar components of conventional agriculture, but 
their values have not usually been optimi:ed or integrated. Less obvious but of 
great importance is knowledge, or inforrmation. Use of genetically improved 
varieties of crops and animals, management of farming practices, and biologi
cal pest control are examples of infOrnmation. These inputs often provide sub
stitutes that are both ctost-effcctiv'e and environmentally benign for inputs of 
labor, energy, or chemicals. For example, seeds for a pest-resistant line of crop 
costs a farmer little more than for those withou~t resistance but eliminate the 
need for pesticides and the labor to apply them and stabilize production. 
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The internal processes occurring within the farm are important in 
maintaining the natural resource base and its ability to sutport continued 
production. Nutrients are recycled and made availa;ble for plant growth 
through the soil decomposer community (Wild 197 1). The combined activi
ties of the soil faluna and flora stabilize soil struct tire and increase the perme
ability, long-term fertility, and resilience of the soil (Coleman 1984). 
Nitrogen-fixing bacteria increase the soil stick of nitrogen (Miller 1990). 
Soil organisms assist in control of pests through vatioiis mechanisms includ
ing coimpet ithion, altagi isin, preda tio n, and allehpa thy (Baker 1974). Soil 
microbes can netabolize toxic organic compounds (Edwiards 1966). The 
maintenance of a healthy soil ecosystem provides fOr e\'olution and adapta
tion of the soil biota and Cotllmultlnity to changing conditions. Sustainable 
systems add greater biological diversity to nutrient cycles, thereby increasing 
their longevity and intetact ions between the decomposer atnd cminsumer 
comunLllities. 

The socio-economic ndlbiophysical flows rn i inparallel and are inter
dependent. The ability of a farmer to produce food and incotne is tied direct
ly to internal biological processes. Adoptio in of the best farm management 
practices and indigenous knowledge depend upon natural resources and are 
the results of interactions between larmers and their biophysical and socio
econolic elvirtlnlnents. Socci-econ1olic anri biophysical inptltS cin often 
substitute fOr one mtither. For example, weeds can be controlled by herbi
cides or by cover crops, rotations, hand-weeding or cultivations (NRC 
1989). It is the understanding of the model of pIrallel flows and the interde
pendence among the flows ihat defines an integ';ated farm or farming sys
tem. For a farm toibe sustainable, the flows in tist be coupled (t-larwood 
1991 ). When either ftow or the interaction between them is sufficiently dis
rupted, the system becomes unsustainable. (onsequently, intervention by 
science and technolo1gy in an integrated fiarm requires COlsiderat ion of the 
whole system anild the socio-ecOnomn ic and biophysical flows within and 
through the system. 

Such aln integrated f*irm model defines an agroecosystem. Both agricul
tural sciences and ecology have contributed ti our knowledge of agroecosys
tems. The trailditional agricultural sciences have dieveOpedI a large body of 
informatitin on the components of aigroecosystems. Many of the current eco
logical theoiries were develipeil in agroecosystems. For example, much of the 
literature on insect ecology (e.g., Andrewartha 1954) resultei from work 
done ill agriculural systems with a goal of pest control. Agroecology is i rel
atively new discipline that integrates the techniques and paradigms Of ecolo
gy with agricultural sciences for the StUldy of agroecosystems. 
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The farm is only one level of agroecosystem. The farm sits within a 
hierarchy of levels that incldes fields, farms, households, watersheds, 
regions, etc. (Conway 1985; Lowrance, Hendrix, and Odum 1986). In the 
interest of simplicity, we have restricted our discussion to tile farn level, hut 
many of tile concepts apply equally to other subsystems and levels of tile 
hierarchy. 

ECOLOGICAL PRINCIPLES 
Ecologists usually consider three levels of organization: populations, 

communities, and ecosystems. Populations a ! groups of organisms belonging 
to tile same species, occupying a contiguous area and defined in terms of 
reproduction, biich rates, mortality rate;, and immigration and emigration 
rates (Siith 1990). Species live in complex associations or communities 
controlled by interactions among their members. A community is linked 
closely to its environment. Both climate aid soil affect a commiinity, and a 
community in turn affects the soil and its own internal climate or microcli
mate (Whittaker 1975). Energy and matter ;are taken from the environment 
to run dynalinic processes, transferred fromn one organism to another in the 
conmunity and released back into the environnent. A comunlity ILnd its 
environment, when the\ ire treated as a I'inctional systelm of complemen
tary relationships and transfer and circulation of energy and matter, are 
called an ecosystem (Whittaker 1975). 

Undisturbed ecosystems mature with time. Biomass, species diversity, 
and spatial hetertogeneity (canopy layers) typically increase (Dover 1987). 
Trophic interact ions are generally more complex in mature systems, and 
there is a higher degree of organi:ation (Odum and Margalef 1969). 

Ecosystems function through the capture of solar energy and production 
of bioma-ss by plants (primary productitm) and constumptitn of plant materi
al by other organisms (secondary productinl) to prIOduce secondary biomass. 
The ratio of productivity to biomass decreases with increasing mattirity and 
the captur d energy is more fully used within ecosystems its th, y mature 
(Dover 1987). In mature ecosystems, energy is used more for maintenance 
than for production of additional biomass (Dover 1987). Immature ecosys
tems have high prtodtction to bionass ratios, and living material accumu
lates (Dover 1987). Most agroecosystems are maintained at early 
successional stages to exploit this prodtuction. 
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A mature ecosystem is relatively closed; .e., essential minerals and 
other nutrients stay within it (Odum 1971; Miller 1990). Ecosystems 
become more efficient at trapping and holding nutrients as they mature. In 
contrast, an agroecosystem does not hold nutrients tightly, and they leak 
readily from the system (Dover 1987). 

Mature natural ecosystems have a diverse flora and fauna, whereas 
immature ones are less diverse. Agroecosystems, particularly those that do 
not involve crop rotations, tend to have I IImuch less diverse flora, and the 
populations and interactions of the invertebrates and soil microorgaimsms 
also tend to be much less complex. These tendencies have strong implica
tions for pest, disease, and weed control and for the decomposition of organ
ic matter in soil. The maintenance of stable communities depends upon the 
diversity of competitors and predators thai prevent explosions of popuhltions 
of pest species. When diversity ofplants and animals is decreased, pest popu
lations have greater opporamnity for rapid growth (NRC 1989). Decomposi
tion of organic matter depends ion aI iverse community of plants, animals, 
and microbes (Tivy 1990), and when any component of the commnunity is 
eliminated, there are effects upon rates of decomposition. 

Some ecosystem functions are conmlon to all ecosystems whether natu

ral or agricultural. These are biodiversity of plants and animals and biologi
cal recycling of nutrknts from plant and animal Organic matter, which is 
mediated by complex interactions anong soil organisms (Grove, Edwards, 
Harwood, and Colfer 1991 ). In a natural ecosystem, the nutrient supply is 
ensured by the strength and diversity of the biological recycling of nutrients 
from the soil surface where organic matter is deposited. Leakage from the 
ecosystem is rare. The diversity of plants and animals results in stability and 
spatial heterogeneity (Weil 1990), which protects the agroecosystem from 
adverse en\ ironllmental shocks and stresses. 

In a traditional agroecosyst;i. that involves rotations ano other polycul
tures, there is still a reasonable degree of biological recycling Of nutrients, 
althotugh these a-e often supplemented by inorganic inputs (Tivy 1990). The 
supplements reduce the resilience as dependence upon external inputs expos
es the system to risks of their unavailability. Leakage of nutrients from such 
systems are limited. The biodiversity is less, the system is thus more suscepti
ble to shocks and stresses than a natural ecosystem, but there isstill sufficient 
diversity for reasonable protection from shocks and stresses (Conway 1985). 

A conventional monocultural agroecosystem is much more dependent 
up, inorganic supplements (Francis et al. 1986). The nutrient pool needs 
continual replenishment. Leakage from such systems isoften great. The bio
diversity isless and provides less protection from shocks and stresses. 
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The differences among the three ecosystems is greater on the poorer or 
more fragile soils that have fewer biological resources and reserves. The 
monocultural agroecosystem often has a greater carrying capacity than its 
traditictnal counterparts, but the sustainability of the monocultute i-- much 
less stable because it rests on a more fragile foundation. 

COMMONALITIES AND DIFFERENCES
 
AMONG AGROECOSYSTEMS
 

TRADITIONAL AGROECOSYSTEMS 

There are many inputs into farming systems, all of which can be related 
to cropping or stocking patterns, soils, cultivations, Supply of nutrients, or 
pest control. When planning research on integrated sustainable agricultural 
systems, it is important to differentiate between those processes dhat are 
common to all agroecosystems and the inputs, factors, and processes of a 
moie regional and specific nature. Coinonalities are appropriate for basic 
research with broa I application. Regional and specific differences are appro
priate for applied research and development. We suggest that biological 
diversity and nutrient cycling mechanisms are the key factors or common 
processes in the function and persistence of traditional agroecosystems (Fig
ure 2) which are based on relatively low inorganic supplements and depend 
upon rotations and cultural practices. Biodiversity of plants, animals, and 
microbes supports production of crops and stock in such traditional agroe
cosystems. The specific biological components that contribute to biodiversi
ty and the capacities, rates, and patterns of nutrient cycling vary among 
agroecosystems, but biodiversity and nu1trient cycling are common to all. By 
contrast, soil types, climate, and farming practices are regional in nature and 
differ considerably among agroecosystems. Production, rates of recycling, 
and constituents of the bioiogical community vary regionally with climate 
and edaphic characteristics. Different political economics and cultural histo
ries result in different farming practices. In traditional systems the biological 
community and the farming practices are generally well adapted to local 
conditions (Logsdon 1984). It is this adaptation to local environments that 
is termed site specificity. 

The specific functions of the commonalities of biological diversity and 
nutrient cycling are turther subdivided in Figure 3. Biodiversity, which may 
be spatial ke.g., the soil biota and cropping patterns), or temporal (e.g., rota
tions, control of Pests, v,eeds, and diseases through mechanisms such as coin
petition, predation, shading, allelopathy, antagonism, and antibiotics). 
Biological diversity of soil organisms supports nutrient cycling, because 
decomposition of organic matter is a biotic process. Plants and animals are 
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the sources of organic matter (Brady 1990); invertebrate animals, such as 
earthworms, physically disrupt and mix the organic matter (Brady 1990), 
and microbes mineralize nutrients (Brady 1990). Biodiversity is relatively 
easily manipullated by farming practice. The regional soil physical character
istics, and climate are iuch more difficult to manipulate other than by culti
vations or additions of organic matter or both. Similarl ', the only 
component of climat, that caln be manipulated is water availability through 
irrigation. Productive potential Mad specific farming practices vary regionally 
and are related to the cultural and economic characteristics of farmers 
(Logsdon 1984). 

CONVENTIONAL MONOCULTURAL AGROECOSYSTEMS 

In high-input or conventional agriculture (Figure 4), pesticides typically 
replace many of the functions of biodiversity as controls of pests, weeds, and 
diseases. Inorganic fertilizers substitute for biological nutrient cycles that are 
6-ased on biological decomtposition and mine,'alization of organic matter. 
These practices may destabilize agroecosystems and create increasing depen
dence upon chemical inputs (Edwards 1990). Pesticides otten kill beneficial 
organisms that control pests biologically through antagonlism, competition, 
or predation (ThibodeLax 1985). Fertilizers Suppress microbial poput, lations 
and the enzymes that they produce, which are key factors illnutrient cycling 
(Fuktaka 1985); thus the biolotgically-based commonal ities are replaced by 
chemicals. The biological productivity of the agroecosystem thus becomes 
dependent upon chemical inputs, and alternatives for manipulating the sys
tem to provide stslainability are r.duced. 

SUSTAINABLE AGROECOSYSTEMS 

Al alternative to this chemical dependence (Figure 5), which is becom
ing popular in developed countries is to maximize the contributions of biodi
versity to pest control and nutrient cycling and to supplement this 
technique with agrochemicals only as necessary to attain optimal productIN
ity with minimal inputs (NRC 1989). Such practices of pest control are 
termed integrated pest management. Edwards ILd Grove (1991) have pro
posed an nIalogolS termn for ianageiellt of nutrients: integrated nutrient 

management. This approach capitalizes on the ;adapti\'e features of tradition
al systems and incorporites additional advantages of conventionl and inno

vative technology. It is important to recognize a strong link (Figure 5) 
between the availability of organic matter and koth biodiversity and nutri
ent cycling (Palm et al. 1987). The practice in many developing countries of 
removing organic ma ter from mthe Lind for fuel and otl,'r purposes is a .;ert
otis constraint to long-term sustainability (Oramn 1988). The most sustain
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able farming practices and components of the managed biodiversitr c in be 
developed only by understanding the functioning of the agroecos' stem and 
how social and economic conditions of farmers and their ciinaatic and 
edaphic environments impact upon overall crop and animal productivity 
(Figure 6). No matter how well the agroecosystem functions biologically, it 
will only be sustainable if it is socially and economically sound (Altieri et al. 
1987). 

PRACTICAL TOOLS FOR DEVELOPING 
SUSTAINABLE AGRICULTURAL SYSTEMS 
MANIPULATION OF INPUTS 

The concept of two global cominonal ities--liological diversity and 
nutrient cycling-among agroecosystems is supported by the ecological liter
attire, anecdotal accounts of indigenous practices, and the rapidly emerging 
literature of agroecology. The basic research challenges are to understand 
these m11ain colnallorilities, to focus research responses upon them, and to 
capitalize upon our knowledge of these principles in designing productive, 
stable, and equitable sustain-able agricultural systems for general application 
to all regions. 

Questions concerning biodiversity are both quantitativ\ 'rnd qualita
tive. We have little understanding of how much and what kinds of biodiver
sity are required; we have only a limited understanding of the mechanisms 
by which biodiversity stabilizes ecosystems. While we understand many of 
the principles of nutrient cycling, there are many gaps in our knowledge. 
Fundamental questions-su1clh as which fractions of organic matter are labile 
and active in recycling and which tictors ct '.itrol the rates of mineralization 
of plant organic matter (Edwards 1987)-- are as yet unanswered and need 
resolution by research to provide tie basis for better nanagement of nutri
ent recycling. 

Organic matter is the foundation of all nutrient cycles. The labile and 
available nutrients within an ecosystem are largely contained in organic 
matter (Tivy 1990). They depend upon a community of producer and 
decumposer organisms. The producers are typically 'ell-managed, since they 
are the crops and animals that are produced by the famn and have econoni( 
value. The decomposer organisms in soils are less obvious, and their impor
tance is often ignored (Coleman et al. 1984). The fundamental issues con
cerning efficient use of organic matter are leakage of nutrients from 
agroecosystems and the rates of decomposition. Organic matter and the 
nutrients it c,:'tains are lost friom soils by runoff and mineralization (Tivy 
1990), both of which can be controlled by appropriate tillage practices. Loss 
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of nutrients to mineralization is also controlled by assuring sufficient inputs 
of plant or animal material to maintain the soil organic matter reserves 
(Woodmansee 1984). 

Legumes are important in maintaining soil organic matter and increas
ing the soil nitrogen supply. They are components of virtually all native ter
restrial ecosystems and are typical of traditional agroecosystems (Powers 
1987). Legumes can be used as food or forage crops and managed as inter
crops or fallows. In addition, they protect the soil from runoff, wind, and 
water erosion and frequently improve infiltration. 

Agroforestry systems use leguminous and other tree. to provide alterna
tive crops (Steppler et al., 1988), produce animal forage and fuel (Spears 
1988), recycle nutrients for crop use (Altieri 1987), and protect soil from 
wind and water erosion (Altieri 1987). Traditional agricultural systems often 
contain trees (Farrell 1987). Some of the higher-value products of small 
farmers in developing countries are tree crops, e.g., coconut, papaya, coffee, 
tea, and cloves (Altieri 1987). Many staples are also tree crops, e.g., 
bananas. Leguminous trees provide nitrogen and recycle other nutrients 
when grown as alley crops with field crops between (Wilson et al. 1986). 
There is a need to design appropriate mixes and patterns of trees and to inte
grate animals into agroforestry systems to optimize productivity and sustain
ability (Baker et al. 1989). 

Plant biodiversity plays an important role in pest, disease, and weed 
management. Rotations and various forms of polyculttre are effective in 
controlling pests, diseases, and weeds (Altien 1987). The control of weeds 
by rotation of crops in traditional agroecosystems is well known in principle, 
but practical recommendations are poorly documented. Living mulches con
trol weeds and minimize the need f1r herbicides (Regnier 1990). Inverte
brate animal pests such as insects are also controlled by rotations (Altieri 
1987); in the U.S.A., for instance, tle life cycle of the corn borer is suffi
ciently disrupted by rotations to eliminate the need for insecticides 
(Pimentel 1990). 

Polycultures and other management patterns that increase biological 
diversity control pests (Altieri 1987). Increases in structural diversity within 
the crop canopy leads to greater diversity in insects and less damage from 
insect pests (Stinner and Blair 1990). 

Integration of animals into agroecosystems offers further diversity and 
stability. Rarely is tile role of animals considered in the development of inte
grated farming systems (Mclitire and Gryzeels 1987; Harwood 1987). Yet 
the opportunities for and benefits of integrating crop and animal agriculture 
seem great. The need for integrated farming systems is especially great in the 
lumid tropics. These ecosystems are fragile and of limited productive poten
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tial. Productivity and environmental stability are enhanced in closed agroe
cosystems that operate at high efficiency. Integration is fundamental to 
design and implementation of such closed agroecosystems. 

Mclntire and Gryseels (1987) summarized potential benefits of integra
tion of crops and animals. Animals can provide direct physical contributions 
to crop production via draft power and manure. Infrastructure within the 
humid tropics typically limits availability of off-farm inputs. Animals pro
vide on-farm alternatives for providing draft power and soil nutrients from 
manure. The availability of manure is especially important on these nutri
ent-deficient soils. 

Animals can serve as a "bank account" for small farmers. Lack of infras
tructure limits the availability of markets for sales of perishable plant prod
ucts. Animals are potentially better sources of cash, since they are less 
seasonal and can be transported to market alive. 

Cropping systems can be developed to make more effective direct con
tributions to animal production. Crop residues, forage, and browse can be 
incorporated into integrated firmning systems and increase overall productiv
ity. The most common domestic aninmals in the hu1mid forests are chickens, 
pigs, and goats, which can utilize a broad range of plants as food. Develop
mental efforts should probably focus on these species. 

Harwood (1987) identified further advantages of incorporating animals 
into integrated farming systems. Animals facilitate nutrient movement and 
increase the opportunities for nutrient management across the whole firm 
system. The integration of crops and animals influences nutrient flows in 
several ways. Farmers are encouraged to grow high-protein crops such as 
grain legumes, leguminous cover crops, or legunlinous trees. The overall 
nitrogei balance is thus improved. Animals concentrate nutrients, which 
makes nutrient mobilization and movement on the farm more effective. 
Manures can be applied where and when they are needed. There is a net 
movement of nutrients to the farm when animals feed off the farm during 
the day and are housed on the farm at night. Cut-and-carry feeding systems 
also move nutrients to the farm. 

Animals increase overall net productivity and reduce environmental 
degradation by serving as alternatives to crops on the marginal areas of farms 
and by utilizing crop residues as feed. The need for animal feed often broad
ens the crop base to include crops that prevent soil erosion. 

In summary, the integration of crops and animals within farming sys
tems offers a management tool for improving net production, stabilizing the 
farming system, and protecting the environment. Net production results 
from improved nutrient management and utilization of additional biological 
resources. Moreover, the farming system is stabilized by an increased diversi-
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ty of management options. Environmental protection is enhanced by the 
increased productivity that reduces needs for clearing more land and by the 
greater stability and diversity of management options that offer long-term 
protection of the natural resource base. 

DEVELOPMENT OF INTEGRATED SYSTEMS 
The challenge is to design practical integrated systems of crops and ani

mals that Can be adapted to regions, minimize energy-based inputs, and have 
long-term sustainabi lity. The tools described above are examples of alter im
tives which can be integrated into systems to meet the challenges. With 
suitable integration of such tools, the low productiity of traditional systems 
can be greatly improved. 

Design and iruplementaLiII ilnieglialte !u",ung syStcLm require colii1 

labOration among agticuhlural, social, economic, and (c dogical disciplines. 
They alsO depend upon tIle full participation of farmers. Examples Of suIc
cessful interdisciplinary igricultural research and dev.lopment are rare, in 
part because current institutiomal structures mitigate against interdisciplinar
ity. -lowever, it is proiably impossible to develop integrated systems without 
interdisciplinary planming and implementation. A major challenge to agri
cultural research and d'e)lpment is the need for modifying institutional 
structures and research and development tietltdlog ic io allow such col
labration. 

IMPLEMENTATION OF SUSTAINABLE 

AGRICULTURAL SYSTEMS RESEARCH 

A major objective of sustainable agricultural systems research is the 
integration of available information to solve complex problems of agricultur-
A development. The lack of systems research has been identified (NRC 
1989) as a major cnst taint to adoption of aternative fIarming practices and 
as a necessity for development of an lternative and more StLStainlle agri
culture. While the v'alue of systems approaches has been increasingly recog
ni:ed over the past decade, few crop and livestock production systems have 
been studied in detail. Because of the extreme variability among agroecsys
teins, it is important to identify the majoir components of any agroecosystem 
and the regional factors that are constraints. 

We propose a simple conceptual framework for the conduct of integrat
ed agricultural systems research, to include the following steps: 
(1) description of the target agroecOsystem, including its goals, boundaries, 

components, functioning, interactions among components, and interac

tions across its boundaries; 
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(2) detailed analysis of the agroecosystem to determine factors which limit 
or could contribute to attainnent of productive and sociological goals; 

(3) design of interventions and identification of actions to overcome the 
constraints; 

(4) on-farm experimental evaluation of interventions; 
(5) effectiveness review of newly designed system; and 
(6) redesign as necessary. 

We believe that all steps should be conducted on farms by an interdisci
plinary team Of agricultural, social, and ecological scientists and with the full 
participation of farmers. 

The description of the agroecosystem must be based upon discussions 
with farmers and upon rccommendatitms of the disciplinary specialists. 
TechniquLes for describing agroecosstems have been reported in the litera
ture (e.g., Altieri 1987; [Harwvood 1987; Conway 1985). Understanding the 
farmer's goals is especially ini 'rtaint, since the role of the proposed inter
ventions is to help the fbirmer attain these goals. Description of the bound
aries and limitations Off ihe agroecosystem is essential in providing focus for 
study but should not Iimit understanding Of its interoctions with adjacent 
ecosystems or with local, regional, national, and international political 
economies. Description of the components of the systen is the traditional 
occupation of many agricultural scientists, but a description and analysis of 
interactions anong comiponents requires farmer participationm as well its 
interdisciplinarity. 

Althou~gh the descriptive phase is largely qualitative, the analytical 
stage takes maximal atdvantage of quantitittive information. The proposed 
descriptions may leid to development of hypotheses that require experitnen
tal study for resolution and quantification. For example, if nitrogen is sits
pected to be a liiniting factor, then nutrient response Stiltdies llay be 
required. If losses to pests are hypothesized as a key factor, they can be quan
tified experimentally, and integrated managetnent measures can be recoi
mended for the pests identified. The result of the analytical phase is to 
approach a More detai led understanding of the limitations to the attainment 
of the fartmer's goals. 

The design phase involves fortuing hyptotheses about appropri:te inter
ventions that Will contribute to faimers' goals. It is a deductive process based 
upon the description and analysis of the system, and the final design represents 
the best collective judgments of the Study teaml11alnd the participating ftrtiers. 

The evaluation phase tests the proposed interventions empirically. Effects 
must be measured in terms of the goals of the system, and Iradeoffls among 
goals must be determined for any proposed inter'ention. Interdisciplinary 
involvement and participation are essential in a st,,-.essfttl evaluation phase. 
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We hypothesize that if a similar descriptive and analytical process is 
employed for the study of different agroecosystems in a number of agroeco
logical zones, the commonalities among them will emerge. Furthermore, if 
the c.mmonalities identified are verified by further experimentarion in 
farmer's fields, they become, in essence, global principles. We contend that 
there is currently sufficient evidence to suggest that maintenance of (niologi
cal diversity and nutrient cycling mechanisms are likely to be global princi
ples and worthy of hypothesis status in the design of suIstainable agricultural 
systems. The regional influences may differ greatly among agroecosystems 
and may assume major importance in some. However, action on the com
monalities will be of value in most agroecosystems. Interdisciplinarity is fun
damental to such action. 
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FIGURES 

Source: Grove et al. 1991. 
1.Conceptual model of a farm 

2. Key factors and relationships in the management of a traditional agroe
cosystel 

3. 	Key processes and functional relationships in a traditional agroecosysten 

4. Key 	factors and relationships in the management of a conventional 
m1on0ocutltural agroecosystel 
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6. 	Social and economic processes and functional relationships in ;! sustain
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CHAPTER 3
 

Household Economics 
and Community Dy ,amics 

D. W. No.rnan 
Kansas State University 

INTRODUCTION 

The objective of this symposium is to plan a research program that will 
result in the developlenlt and dissemination of reconmendations for 
improved production systems, practices ant land use programs relating 
specifically to small ruminants (sheep and goats) and camelids (llama and 
alpaca) kept by agro-pastoralist households in the Bolivian altiplano.2 

Recognition of the importance of the socio-econollic dimension in con
tributing to this objective obviously provides the justification for this paper. 
Therefore, the objective of this paper is to ju]stify why this socio-economic 
perspective is important. At the same time I give some examples of the 
socio-cconomic factors that might need to be taken into accoun1t if tech
nologies and support systems for sustained smnall ruminl, -It 2ad camelid pro
duction are to be relevant, that is, adopted by the agr( nastoralists. In 
raising these issues, I feel a sense of inadequacy, because many socio-eco
noiric characteristics are location-specific. Unfortunatcly, my exposure to 
the Andean agricultural systems is limited, and the apparent dearth of litera
ture on the farning systems of the Bolivian altiplano has not helped matters. 
Thus, there is a possibility that the socio-economlic factors discusscd in this 
paper may not be complete or indeed be the most important ones. However, 
I hope they will provoke some discussion. 

To provide a backdrop for the abe\'c discussion, the paper begins with a 
brief historical review of the devel pIment of the socio-ecnomlic dimension 
in the design, testing, and evaluation of technologies. It then moves to a 
nore theoretical discussion in order to place the role of the hou1sehold into 
perspective-both in its interaction with the surrounding environment and 
in its internal dynamics. The paper finishes with a few comments on tech
niques for including the socio-economic dimension. 
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HISTORICAL PERSPECTIVE 
EVOLUTION OF THE SOCIO-ECONOMIC DIMENSION 

In the low-income countries, until the mid-1 9 6 0s, most work undertak
en at the micro- or farrming-household level relating to the socio-economic 
dimension was carried out by sociol)gists/anthropologists. Usually these peo
ple originated in academia and were independently funded. Their approach 
usually involved case studies and relied on informal unstructured survey and 
interviewing techniques for collecting data, supplemented by direct observa
tion. In Africa, starting in thei mid-1 9 6 0s-earlier in parts of Asia and later 
perhaps in Latin America 3 -agricultural economists started undertaking 
detailed micro-level studies of farmin ,, households. These agricultural 
econollists cam~e not oily from academia but Also SOletilles froll lationll 
and international agricultural research institutions. In such studies, tile 
researchers usually selected stratified random samples. Tile techniques of 
data collection involved frequent interviewing-often twice a week over a 
one year period-using formal structured and often closed-ended survey 
techniques. These interviews were supplemented with direct measurement 
on certain variables (e.g., estimat ion of yields and areas). SuIch types of stud
ies had a positive orientation (i.e., what farmers are doing), later leading to a 
normative orientation (i.e., what farmers ought to do). Tile normative ori
entation naturally led in academia to the application of' linear programming 
techniques to assess constraints and to evaluate how efficiently farming 
households were allocating their resources to fulfill their goal(s). In agricul
tural research institutions tile micro-level studies stimulated tile testing, 
with farimers, of technological packages already assembled by technical sci
entists. In general, results from this testing were not particularly promising. 
They often showed sone incompatibility with the socio-economic environ
ment - and sometimes even with the natural environment-within which 
farmers \,ere operating. 

Consequently, in the mid-1970s, the farming systems research (FSR) 
approach evolved, particularly in resource-poor agricultural systems. 4 In 
such areas least success had been obtained with respect to tile adoption of 
improved technologies. This result enabled social scientists to play a con
structive ex ante role, along with technical scientists, in diagnosing fartiers' 
problems. Also, to an increasing extent social scientists began to help 
designing and testing technological solutions. 

The evolution of techniques for undertaking FSR is continuing. Under
lying these techniques is a particularly important theme: treating the farmer 
as a person whom researchers can interact with on a collegiate basis. As a 
result, a melding occurred of techniques used by both sociologists/anthropol
ogists and agricultural economists. Also considerable expertise developed in 
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involving farmers in the experimental process-for example, through 
researcher-managed and farmner-inplemented (RM FI) and farner-umanaged 
and-implemented (FIMFI) trials. An interdisciplinary approach developed, 
using cost- and time-efficient techniquLes and solutions that: 
1) Reduce the time period to move through the four research stages 

(description/diagnosis, design, testing and dissemination). Tile method
ologies evolved ensured a fast turnaround and have been practical, flexi
ble and inexpensive. 

2) Maximize tile returns from such research through working with represen
tative farmers. This technique enabled results to be disseminated to other 
farmers with similar characteristics and problems. 

3) 	 Recogni:e the heterogeneity in the farming population, thereby involving 
development of better rather than unobtainable best solutions. 

In tile context of this symp osium, three current shortcomings in FSR 
are as follows: 
I) There has been more success in applying the FSR approach to the cop 

rather than to the livestock area. For example, a particular problem of the 
litter is tile difficulty Of undertaking RMIFI, which are very important in 
the testing stage of FSR.5 

2) 	Perhaps lbecause of its institutional home in technical research institu
tions, FSR is often perceived iShIving only i technological nlandate. So 

there has been a tendency-at least until recently- to accept policy/sup
port systems as given (i.e., parameters). Thus opportunities to exploit the 
complementariness between the equally important strategies of dissemi
nating relevant improved technologies and implementing relevant poli
cy/suptport systems have been very limited.( Very likely, given the 
expressed purpose Of developing improved sustainable small ruminant 
production systems in tile altiplano, policy/support systems will play a 
critical role. 

3) 	 Much FSR work has considered the farming houselhold as an undifferenti
ated unit with a single decision maker. In fact, intra-household character
istics can be very influential in deciding who are decision makers, Who 
undertakes the various activities of the household, and who benefits from 
the activities. As discussed later in the paper, metlodologies have recent
ly been developed to address such issues. 
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THE NEED FOR A FARMING SYSTEMS PERSPECTIVE 
As the earlier discussion implies, in order to design appropriate ways of 

helping farmers, it is essential to understand the conditiOns under which farm
ers are operating. They have, in fact, very complicated ftarming systems. Figure 
Ishows some of the factors that have an influence on what the farming sys
tem will he. The operator of the farming system is the farming, or agro-pas
toralist, household. For such households, the way in which they earn their 
living and their economic, social and cultural well-bein, cannot be separated. 
In other words they are both a production and a consumpltion Unit. 

The members of the farming household have three basic types of inputs: 
land, labor and capital. They use their managerial ability io assign these 
inputs to three different processes: crops, livestock, and off-farm enterprises. 
In assigning their inputs to producing one or more products, farming house
holds often have to make difficult decisions. An important consideration in 
this decision-making process will involve lsing their knowledge to come as 
close as possible to fulfilling the goal(s) they are striving for. These goal(s), 
to be discussed shortly, provide the basic driving force for the presence of a 
particular farming system. The combination of products (crop, livestock and 
off-farm enterprises) resulting from the use of the inputs is the farming sys
tem. However, the extent to which the farming system fulfills the goal(s) 
the htousehold has chosen Will depend on the managerial skills of the agro
pastoralist households. It will also depend on their ability to make appropri
ate decisions in the allocation of inputs in a very uncertain agricultural 
en\'ironment. 

Some parts of the environment that influence what the farmiizg system 
will be are, however, outside the control of the individual household, con
tributing to the Uncertainty felt by its members. The 'total' environment in 
which such households operate consists of two parts: the technical (natural) 
element, and the hu,man (socio-economic) element. These parts are as follows: 
I) The technical (natural) element determines the types of, and physical 

potential of, livestock and crop enterprises. Parts of the technical ele
ment include physical and biological factors. Some modifications to these 
factors sometimes occur through technological developments such as 
increasing water availability through more than one cultivation to allow 
water into the soil profile, improving soil quality by adding fertilizer, 
growing torage to feed livestock during the dry season, etc. 

2) The farming system that actually evolves, however, is only part of what is 
potentially possible. The human element is important in determining 
what the actual farming system wili be. It consists of two types of factors: 
exogenous and endogenous. 
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a. Exogenous factors are largely out of the control of the individual 

household but will influence what the household can do. These factors are 

divided into three broad groups: 
0 Community structure,, norms and beliefs. 
E External institutions (i.e., i)Olicy/.sLppoIt systems). On the input side 

these include extension, credit and input distribution systems. On the out
put side they include markets, plus other institutional arrangements such as 

the land tenure system. 
0 Other influences, such as population density and location. 

b. Endogenous factors, on the tuther hand, are those the individual 

household controls to some degree; they include the three types of inputs 

mentioned earlier: land, labor, and capital. It is important to recognize that 

the quantity and qtuality of these resources vary among households and in 
different parts of the Altiplano. 7 Both quantity and qulality influence the 

perfoirmance and the potential of the system. In addition, these inputs or 

resources Imay or Imay not be owvned by the household. Access to one or 

nore of these resources nay be on another hasis of' use (e.g., borrowing 

draught animals, obtaining usufructuary rights to land through working part 

time on the landlord's own farm, etc.). This additional basis may limit or 

restrict the ease or intensity of use and thus in turn affect the perforrmance of 

the household. 
Nevertheless, it is the household which decides on the farming system 

that will emerge. The technical element and exogenous factors will, howev
er, influence and sometimes constrain that farming system. Thus in calculus 

terminology, the technical element provides the necessary condition for the 

presence of a farming system, while the hunan element provides the suffi
cient condition for its presenze. 

The above discussion has a static connotation; however, it is not diffi

cult to visualize it in dynamic terms. For example, the current farming sys

tems reflect in part the cunmlative interaction of the technical and human 
elements over time. Also, the interaction of the technical and human ele

ments during the current time period will partially determine what will exist 

in the future. 
The farming system is obviously conplex, and the results can vary due 

to differences in the 'total' environment. These facts help explain why some 

technology, thought to be appropriate, is not adopted, or when it is,why the 

degree of adoption varies widely. Not considering the human (socio-eco

nomic) element in agricultural research contributes to many so-called 

'improved' technologies being irrelevant. Therefore, in order to develop 

improved technologies appropriate to agro-pastoralist households in the 

Bolivian altiplano, a systems perspective is critically important. Issues of 
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both ability and willingness to adopt proposed improved technologies enter
 
into the decision-making process of such households:
 
I) Ability to adopt is determined by such factors as:
 
a. 	 Technical feasibility (i.e., whether the necessary inputs are 

readily available). 
b. Economic viability (i.e., profitable and dependable at the levels farmers 

are likely to adopt). 

c. Social acceptability.
 
2) Willingness to adopt is decided in part by whether farmers will be better
 

able to achieve their goal(s) by using the improved technology. However, 
criteria on which they will decide their willingness to adopt are often dif
fictlt to determine. 
The primary objective of agricultural research is obviously to improve 

the well-being of individuaI farming households. This improvement is 
achieved through increasing the overall productivity of the farming system 
in the context of both the private and societal goals. This increase, however, 
has to be done within the co1nstraints and potentials imposed by determi
nants of the existing farming system. The above rather lengthy discussion 
shovs what a complex and challenging task this is, just on the level of farm
ing househoIds themselyes. Incorporating s cietal go A(s) of equitability and 
sustainability obviously makes the task even mo0re difficult and challenging. 

DEFINING THE AGRO-PASTORALIST
 

HOUSEHOLD AND ITS GOAL(S)
 
It would appear that typical agro-pastoralist households in the Bolivian 

Altiplano are synonymous with what Ellis 11988; p. 121 defines as peasant 
households: "Farm households, w\'ith access to their means of livelihood in 
land, utili:ing imainly labor ir, im prodcti on, al ways located in a larger 
econom ic system, but fundimuentally ,:haracteri:ed by partial engagement in 
markets which tend to function with a high degree of imperfection." 

With reference to the above definitioi, important points to note are 
the following: 
1) Such households are ofiten subordinate to some other external forces. 

That is, they do not have complete control over their ow'n destiny and 
are in a process of transition, because they are not fully integrated into 
the market economy. 

2) Such houIseholds have access to land to pursue their livelihood. They cul
tivate the land largely with family labor, in conjunction with only small 
amounts of capital. 
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3) The factor markets work poorly. Concerning land, non-nmarket rights of 
access or non-price formis of tenure are more likely to operate than a free
hold market. The capital markets usually are poorly developed, and vari
able production inputs are often not available. As a result "credit and 
interest rates nay be tied o other factor prices like land and labor within 
a dependent economic relationship. Thus factor markets may be locked 
together contractually rather than being independent" [Ellis 1988: p. 12]. 
Also, market information may be highly imperfect. Thus it is not surpris
ing that sharing and reciprocity often exist between households. In these 
non-market transactions, not valued by market prices, exchange of unlike 
goods and services take place. 8 Sometimes such relationships exist 
between houIseholds within the sailme general fimily. 9 

4) 	 Another reason why such households are only partially integrated into 
the market economy is that they consumie a proportion of the product 
they produce. This consumption enables them to have sonic ability to 
survive independent of the larger system; this procedure may be impor
tant in explaining their economic behavior. 

A number of farm household microeconomic theories have been devel
oped in an effort to explain the economic behavior of such households. 
These theories are I isud upon various asstlluptions about household goals 
and the characteristics of the i:.,ikets within which households make their 
decisions. Ellis [1988: p. 2341 notes that these theories are not mutually 
exclusive, sharing as they cio certain key assumptions such as the following: 
1) The household is a single decision-making Unit for econonlic analysis 

purposes. As a result it maximizes a single uitility (satisfaction) function 
which represents the joint welfare of its members. 

2) Profit maximization and utility maxim ization coincide where income is 
the only variable in th,. utility function. Profit maximization is always 
one of the components of' utility iaximizationl0 when all the input and 
output markets are fully forned an.d competitive. 

Ellis [19881 suggests that tb. theories predict different results because of 
different assUtnnt-ionll abOout the working of the factor and product markets, 
rather than because of differences in assumptions aboult houselold goal(sv. 
In fact an important characteristic distinguishing many of the theories 
results from different assumptions aboLt labor markets and the allocation of 
l'ouselold labor time. In support of these assertions Ellis 119881 then discuss
el- a number of these theories of economic behavior, which he calls profit 
maximization, risk aversion, drudgery aversion, farm household theories, and 
share tenancy. In doing so, he recognizes the impossibility of separating 
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short-run household decisions from the Wider social relations of production. 
Therefore such microeconomic theories do not operate independent of par
ticular social relationships, the focal point of much Mlaxian politicA econo
my work. 11 

Consequent!y there is likely to be a certain universality in the aspira
tions of farniig households, similar to those in the Bolivian alt iplano. 
These aspirations include as the most important elements income, effort 
avoidance, and risk avoidance. In econonic terms, such households try to 
increase their utility, which increases with income but decreases with 
greater effort or higher levels of risk. In other words, such household try to 
maximize income for any given level of effort or risk, or to reduce risk, or 
effort, for a given level of income ]Nornan 19821. 

Attempts to maximize utility take place within a set of constraiits. As 
implied above, differences in the constraints, rather than the aspirations, 
lead to the most imlportalt differences in farming systems. As eariicr dis
cussed, Figure 1 indicates some of the determinants of the farming sy:;ter. It 
is easy to visualize constraints relating to the technical element caiusing dif
ferences in the type and productivity of farming systems. However, also 
important in the differentiation process are Cie factors relating to the 
human element. The quiatity, quility, and ratios (particularly between land 
and labor) of the enldogenous factors (factors of' productionl-lnd, labor, 

LIndca:ital) play an important role in firther differentiating farming sys
tems. The extent to which they can be modified will depend on the degree 
of integrationi into the factor markets (i.e., input markets). Also, the result
ing products will be influenced to sole extent by community norls and 
be'iefs and by the degree of integration into the product market. 

The above discussion has impll tantimplications for what is appropriate 
technological change. The level, qualities, LIndrelative proportions of the 
factors of productiol are also, according to the induced inntilovation theory 
[Hayami and Ruttan 1971; Binswanger and Rittan 19781, important in indi
cating the most appropriate route for improving the productivity of the 
farming systems-which is maximizing the return to the most limiting fac
tor. For example, in areas of hit laLd/labor ratios labor-saving (e.g., 
mechlanical, extensive livestock production) types of technoiogy/systems are 
likely to be most appropriate. In contrast, in areas of low land/resident ratios 
(i.e., high population density) land-saving technologies/systems (e.g., bio
logical and some chemical, intensive livestock production) will likely be 
more appropriate. However, as Table I shows, increasing the return to the 
most limiting factor can have an indirect positive or negative impact on the 
use and productivity of other inputs. Thus in view of the imperfect opera
tion of the factor markets, care has t( be taken in evaluating what would be 
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the most relevant technologies. For example, for the agro-pastoralist hous.e
hold on the Bolivian altiplano, initial superficial examination indicates that 
because of the high 1ptopulation densities, strategies designed to increase the 
productivity of land would be most important. Howevei, given the seasonal 
nature of agriculture in the area, there will be periods of intense labor activi
ty during the year. These will cr'.:ate labor bottleneck periods, followed by 
periods of underemployment. Thus land augmenting strategies using labor at 
critical labor bottleneck periods-whL - the opportunity cost of labor is 
high-could make such strategies unattractive to the household. This sce
nario is likely if adoption of such a strategy involves the use of more labor at 
such labor bottleneck periods. It will also be likely if the productivity per 
unit of labor applied at that time is hiqher in alternative uses. Also, as the 
next section shows, further complications can arise because of differentia
tion in the types of labor available from household sources. 

TABLE 1: RELATIONSHIP BETWEEN TYPES OF REQUIRED
 
TECHNOLOGY AND LAND/LABOR HATIOS
 

Productivity ofa
 
Land/labor ratio Technology required Land Labor
 

High Labor saving 1+ or I- D+ 

Low Yield increasing D+ 1+ or I

a D = Direct impact I = Indirect impact 

+ = Positive impact - =Negative impact 

INCORPORATING THE INTRA-HOUSEHOLD DIMENSION 
As mentioned earlier, existing microeconomic theories make simplistic 

assumptions about farming h,1seholds. For example, they assume a single 
decision-making unit and a single utility function representing the Joint wel
fare of its members. Also, perceived practical problems often prevented FSR 
practitioneis taking intra-househohld considerations into .ccount to the 
extent that Would bK lesirable. The 1980s saw increased donor interest in 
the role of wvomen in 'velopment and increasing concern about reduced 
effectiveness of FSR tec. .iques because intra-household considerations 
were not always included ILow, N(- Datel. This interest and concern stimu
lated increased discussion on intra-household issues and the development of 
techniques for addressing them IFeldstein et al. 1988; Feldstein and Poats 
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19901. It is thus increasingly recognized that intra-household relationships 
can have iln important impact onl economic behavior. 

Some important point!: to note about intra-household relationships are 
as follows [Ellis 1988; Feldstein et al. 19881: 
1) Such relationships are of particular importance in situations with a high 

degree of congruence between the production and consumption units. 
They are also important where there is some imperfection in integration 
with the factor and prOduct markets. 

2) The economic sit uation of individuals within households is influenced by 
the social norms of behavior of the society within which they reside. 
Therefore, specific economic roles are socially assigned to men, women, 
and children. Also, division of property, labor, and income within house
holds is socially, not biologically, determined. Sometimes, as a result, 
males and femanales within households may have different income streams, 
with diftfrent sources and different destinations. 

3) It is wrong to assume that male and female labor can substitute for each 
other across the range of household activities. As a result rigidities in 
time allocation may reduce the ability of hoLuseholds to respond to market 
signals. Therefore, such division of labor can impose constraints on sea
sonal labor inputs and abiliity to respond to price changes. As a result it 
can have a major impact on the composition nd level of farm-111output. 

4) Because of the above points, it is unlikely that increases in household 
income will benefit all memnbers equally. This disparity isoften exacerbat
ed by the social subordination of women in niny societies. Also, agricul
tural policies and projects have often ignored the role of women in 
agricttltural productil-F-not only as Operators but also as decision miak
ers. As a result, it is not surprising that technological intovations have 
tended to disadvanltage \ollmell. 

INFLUENCE OF THE COMMUNITY 
A definitive relationship often exists between the various exogenous 

factors in Figure 1.The more isolated or inaccessible commtinities and their 
households are, and the less ii tegrated they are with the factor and product 
markets, the greater is the influence of cmutnity structures, norms, and 
beliefs [Norman et al. 19811. Some differentiation between hotseholds in 
such commnities Will occur, based on resources controlled and status 
enjoyed. Thus patron-client relationships still exist but often are no unduly 
'!xploitive, because of the interdependent and self-contained nature of such 
communities. Such commutnities often have a sense of common responsibili
ty resulting in an incipient welfare state (i.e., helping others when they are 
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in trouble). In addition, sanctions are placed on extreme individualistic 
behavior (i.e., so people exhibiting such behavior do not become a burden 
on others when things go wrong), while community-wide strategies are 
enforced which are designed to preserve tile environment (e.g., community 
management of pastures f~r the benefit of current and future generations). 12 

Unfortunately such relationships tend to rapidly break down with 
increased accessibility of the community to the influence of external institu
tions (i.e., increasing integration with the factor and product markets).13 
Thus, sanctions against more individualistic behavior on the part of house
holds crumble, the probability of increased differentiation and exploitation 
in the society increases, and the potential of community-inspired systems to 
monitor and control progress declines [Jodha 19901. 

Unless government makes explicit efforts, it is increasingly unlikely that 
community resources will be managed for the benefit of tile community as a 
whole. Thus social relations of production, instead of being geared towards 
the benefit of all, tend to be more exploitive, benefiting a few at the expense 
of many. 

SOME SOCIO-ECONOMIC ISSUES TO CONSIDER 
WITH REFERENCE TO SMALL RUMINANTS 14 

To develop strategies designed to improve the productivity of small 
ruminant systems, it is initially necessary to examine the heterogeneity in 
the agro-pastoralist households. The objective of this examination is to 
determine whether there is a need to stratify them into more than one 
research or recommendation domain. The stratification provides researchers 
with information on the constraint:; or issues which need addressing to 
improve the productivity of the small ruminant production system. Such an 
activity also indicates what resources, constraints, and other characteristics 
of the houIseholds need to be taken into account to develop an acceptable 
strategy for improvement. As a result, all householks in one recommenda
tion domain face the sail: constraints to improving small ruminant produc
tivity and the same potential solutions. 15 

In order to derive the recommendation domains, descriptive/diagnostic 
work is necessary, which involves developing an understanding of the exist
ing farming system, in turn eliciting information on the constraints and 
ideas on the appropriate route for productivity improvement. Types of infor
mation required in this exercise include the following: 
I) A good understanding of the small ruminant production and manage

ment system is required to obtain an idea of the technical constraints 
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that require addressing to improve productivity.16 However, socio-eco
nomic factors will likely play an important role in determining the char
acteristics of the current system. They will also certainly be important in 
determining appropriate Solutions. Therefore the following activities help 
in explaining the current situation and aid in developing relevant solu
tions to the identified constraints. Before looking at these activities, it is 

important to determine whether researcher plans for improving the pro

ductivity of small ruminant production systems are likely to be acceptable 
to the agro-pastoralist houscholds. For example, are they interested in a 
higher slaughter weight per animal (i.e., would it be reflected in a higher 
market price if sld), or are they more interested in numbers of animals to 
provide mire manure for the cultivated fields? If there is not a congru
ence between the researchers and producers as to what Constitutes the 
productivity criteria, then there will be problems in convincing producers 
to adopt the strategies when they have been developed (i.e., they will le 
inappropriate or irrelevant). 

2) 	It is important to identify who in the Iousehold is the deision-maker 
with reference to the small ruminants, who controls the resources 
assigned to thlem, and who reaps the benefit IFeldstein and Poats 19901. If 

at least one person is not connected with all three, then complications 
will arise in designing attractive and hence relevant strategies for improv
ing the small ruminant prOdUcti(ln system. For example, in Bolivian agro
pastoralist families, are the men and women joint decision-makers? Do 
vwomen concentrate on household activities and looking after the live

stock? Are men mainly responsible for the crops and working in oft-farm 
occUpatins? 17 If so, are any benefits from the small rumlinant production 

system shared? 
3) It is necessary to obtain some understanding of the quantity, quality, and 

use of the factors of production (i.e., land, labor, and capital) throughout 
the year in the current farming system. Such information is critically 
important in delineating ftrther constraints in the farming systemioften 
socio-econolic in -ature. 

Particularly important in this exercise is the need to obtain a good 
understanding of the amnount, composition, and disposition of labor
mostly family-to different areas (i.e., crops, livestock, and off-farn and 

household activities) throughout the year. Are there, for example, sea
sonal labor bottleneck periods in any of the areas? If so, do they occur at 
the same time or diffe'ent times of the year? It is very likely, given the 

seasonality of rainfall and its low level and unreliable nature, that at least 
one seasonal labor bottleneck will exist in crop cultivation. If one 
assumes that time assigned to household and off-farm activities does not 
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have a seasonal characteristic, does the seasonal bottleneck in crop culti
vation result in problems of providing adequate labor for operation of the 
small ruminant enterprise? It is likely that some seasonality in labor 
requirements for small livestock exists, particularly if breeding times are 
regulated, through separate management of male and female animals, and 
if shearing of sheep and llamas is done. Do peak periods for births and 
shearing 18 occur during tile cropping cycle when the opportunity cost of 
labor is already fairly high? Such seasonal labor bottlenecks and opportu
nity costs could be further accentuated if there is gender specificity to the 
tasks undertaken at those critical times. 

Tile land available, its spatial distribution, and the use to which it put 
is another critical area to evaluate. Bolivian agro-pastoralist households 
probably give considerable priority to food crops (e.g., potatoes, barley, 
quinua, etc) which are also cash crops. Given this situation, what priori
ties are given to feeding small ruminants? Do they feed crop residues (e.g., 
barley aid quinua), and in terms of cultivatable land, do they have suffi
cient land to fallow to provide some supplemental feed for the small 
ruminants? 1 9 What about growing forage crops for small ruminants? If 
this is not a practice, then there will be greater difficulties in getting it 
into the system, especially if it involves labor in cutting and storage. 
Whether households are likely to adopt such a strategy will depend upon 
the perceived value thy are likely to place on such forage. The following 
are two factors that may positively influence such an evaluation: 

a. 	 Growing special forage is more attractive if benefits from feeding can 
result in some tangible benefits in the near future. An obvious example is 
improving marketability of the animals. Given the multiple purposes for 
keeping small ruminants (e.g., t.ocd plus a walking bank, wool, cheese, 
transport, manure, etc.), it is unlikely to be very attractive unless pro
gramis to encourage higher offtake rates were successful. 

b. 	 Increasing shortage of other methods of feeding the small ruminants, 
particularly during the dry season, when food supplies are shortest 
[Orlove 19801. However, the attractiveness of this method is likely to be 
lower if the dry season pastures are some distance from the cultivated 
areas-which is true in the vertical farming system common in many 
parts of the Andes. 

Improvement in the productivity of any system usually means the com
mitment of more of at least one input, although at the same time it can lead 
to less use of another input. Capital in tile form of cash or credit, involving 
the purchase of improved inputs, often constitutes this increasing input and 
is thus usually in high demand. It is therefore important to obtain some 
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understanding of the availability and seasonal flow of cash and credit. Tile 
next two points address this issue: 
4) Because of the close relationship between consumption and production in 

households like the Bolivian agro-pastoralists, it is important to look at 
the products of the farming system not only in terms of cash, but also in 
terms of the availability of products produced and available for colnsump
tion, in relation to the needs for consumption. With respect to the pro
duction/consumiption relationship, poor seasonal synchronization 
between the two, and the poor overall level of production, often result in 
seasonal hunger. This outcome in turn often results in differentiation in 
levels of nutrition of individuals within households, according to gender 
and age, in many parts of the world. The prospects of such problems, 
combined with the uncertainty of the climate and the general low level 
of living, predisposes such households to implement not only strategies to 
minimize production risk 20 but also closely related coping strategies of 
various types to maintain household security. This approach enables 
them to consume during periods when production is deficient IFranken
berger and Goldstein 1990; Jodha 19901.21 Some of these strategies, how
ever, can adversely affect future productivity. 

Obvious examples would be selling off productive assets (e.g., llamas 
used for transport), obtaining access to food at high rates of implicit 
interest (e.g., repayment in terms of labor at busy times in the farmning 
cycle) or explicit interest. It is important to know if such coping strate
gies exist, since they are one of the factors determining how risk-averse 
such households will likely be. Such knowledge also indicates how much 
reliability can be placed on the availability of cash, fir improving the 
productivity of the farming system, in contrast to buying food to ensure 
survival. With reference to investment, it is important to obtain an idea 
of the attitudes of the decision-maker(s) in the households about invest
ing in different areas of the farming system. For example, what area do 
they vie", as the best for investment? Their answer is, in part, influenced 
by their assessment of the probability and level of rettrn. If they do not 
view investments in improving the proiductivity of small ruminants as 
high priority, it will be difficult to convince them of the value of strate
gies to increase their productivity. This is particularly likely to be the case 
when it involves greater commitment of resources, including capital. One 
final point relating to this issue is an assessment of whether cash resulting 
from another part of th farming system (e.g., sale of crops) is likely to be 
available for investment in improvements in the productivity of tile small 
ruminant production system. 
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5) Finally it is important to obtain an understanding of the influence of the 
community structures, norms, and beliefs2 2 -which influence communi
ty dynamics-and the external institutions. With reference to the former, 
if they are still influential, they potentially have a role to play in equi
table access to communally owned resources. For example, are the dry 
season (i.e., summer) pastures and fallow land of the Bolivian agro-pas
toralists communally or individually operated?23 If the former is the case, 
as often is the situation in Peru, then strategies for ensuring sustainability 
and productivity of such pastures need to be based on communal deci
sion-making. 24 Strategies could either involve technologies to increase 
their productivity and/or variouIs techniques to adjust numbers or length 
of time small ruminants have access to the pastures, according to the 
grazing situation. 

Some understanding is also needed of the functioning of the external 
institutions and the degree to which households are integrated with 
them. For example, is there an effective hired labor market, or should any 
improved small ruminant production systems be formulated with the con
straints imposed by the supply of family labor? Is there an effective credit 
market, or will purchases of improved inputs need to be based on cash 
generated internally by the households from their own activities? Are 
improved inputs readily available that can be used for improving the pro
ductivity of the small ruminant system? If productivity is inproved, is 
there an effective market for the products? Alternatively, in the case of 
both the input and product markets, what is the potential for instituting 
improvements when results demonstrate that technologies designed to 
improve the productivity of the small ruminant production system are 
likely to be attractive to farmers? In other words, can an interventionist 
approach be used to adjust policy/support syste-ms as a result of demon
strated outcomes? The alternative is a submissive approach, which would 
mean accepting the policy/support system as given and not likely to 
change. Obviously the latter approach is less desirable in that it con
strains researchers in the type of strategies they can use in improving the 
productivity of the small ruminant production system. 

Information from the above exercise will help in putting together 
appropriate recommendation domains. It is of course impossible to suggest, 
in this paper, what these might be. Only interaction with appropriate 
authorities and a cross-section of households will determine what should dif
ferentiate households in terms of potential appropriate strategies. As indicat
ed earlier, households in different recommendation domains may or may not 
face the same constraints to improving the productivity of small ruminant 
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production systems. However, households within a given recommendation 
domain will have the same potential solution to tile identified constraint(s). 
For example, households may be differentiated on the basis of accessibility to 
summer pastures, labor available for the small ruminant production system, 
differences in accessibility to the external institutions, differences in compo
sition and si:e of small ruminant flocks, etc. 

Definition of the recommendation domains provides an entree into 
designing possible appropriate strategies for improving the productivity Of 
the small ruminant production system. Strategies I-r impro'ement will like
ly include one or more of the folowing: improved health, improved manage
ment practices, and imlpr\oved nutrition through provision of forage and 
improvement of dry-season pastures. There is of co llse alhigh degree of 
interdependence among these strategies. For example, the health of animals 
depends to SOi. extent on iMlnagemlent practices and nutritional level. 
However, the important point to note is that decision-makers from repre
sentative households in the different recommendation domains need to be 
consulted in the design phase and be very involved in the testing or evalua
tion stage. Two points with reference to involvement of such individuals are 
as follows: 
I) It is important to determine whether the prolosed strategies fit in with 

the priorities of the households. It is also important to know ex ante 
whether it is likely to interest them and be compatilble with the rest of 
their farming system. Obviously it is difficult for houseih ,'L. to relate to 
proposed strategies that they have never seen. However, there is ,'alue in 
consulting them regularly during design work, particularly when triils at 
the researcher managed and implemented (RMRI) level are involved. As 
a result, not only are they sensiti:ed, but also because of their ne\\ knowl
edge and resulting comments it may be desirable to make adjustments in 
tile trial treatments that will potentially increase their acceptability to 
such households. 

2) A much more difficult problem pertains to the sustainability 25 issue cor
rectly emphasi:ed in Small Rlminant CRSP research programs. The 
approach suggested above emphasi:es involving the ippropriate decision 
makers from representuktive households. These articulated 'felt' needs are 
likely to be somewhat short-run in focus,26 because the closer suich 
households are to the survival level, the in-re concerned they are with 
needs such as producing enough food to survive until next year. There
fore, they are less concerned about environmental degradation in the 
long-term, which thus becomes more of a societal concern. Obviously, in 
such a situation, there is a need to bring about a convergence between 
the short-run private interests of farmers concerned about attaining an 
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adequate standard of living and the long-term societal interest of main
taining the environment for future generations. It is not easy, given the 
limited resources available to governments in countries like Bolivia, to 
develop practical strategies that can enable this to occur. 2 7 Difficulties 
are likely to be even greater in cases \\,here land is communally (e.g., pos
sibly dry-season pastures), not individually owned. In deriving strategies 
to bring about such a convergence, t\\o points need consideration: 

a. To make strategies designed to improve long-term productivity more 
attractive, are there ways in which they be can be nounted on the back 
of short-run production, so as to mike them attractive in the short-run as 
well iNornan 1991 I?28 

b. In the case of communally owned land, are there ways that pressures or 
control, in adjusting numbers of small ruminants to the carrying capacity 
of land, can be implemlentcd either within the community and/or by go\,
ernment? It is unlikely that there will he a payoff to the adoption of tech
nologies required to ensure sustainability unless some practical strategy is 
implemented that will control access. 

The testing stage of the proposed improved strategies provides an 
opportunity for households to verify the technical feasibility of the strategies 
as far as they are concerned. Also, household-level involvement in the test
ing level-particularly at the FOFI level-provides the best opportunity for 
its robustness (i.e, in terms of both the average and variability in return) to 
be evaluated IUnder the type of managerial and resource conditions that w\'ill 
occur when, and if, it is released for general dissemination. Consequently, 
more realistic estimates of potential profitability and dependability are possi
ble. At the same time 'hands-on' involvement of household members pro
vides an opportunity for an assessment to be made of their attitudes about 
the strategies, including whether or not they are likely to be socially accept
able. 

COMMENTS ON TECHNIQUES FOR INCORPORATING 

THE SOCIO-ECONOMIC DIMENSION 

The previous section places considerable emphasis on the importance of 
the descriptive/diagnostic phase in helping to define valid recommendation 
domains. Such efforts contribute to giving an indication on issues to address 
in improving the productivity of the small rum1inant production system. 
They alst gi'e guidelines about the resource boundaries within which they 
need to be developed and the appropriate criteria to apply in evaluating the 
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results. At first sight this appears a daunting and time-consuming task. How
ever, as discussed earlier, the developlent of the FSR approach over tile last 
fifteen years or so has emphasized increased interactive dialogue with appro
priate individuals in households by interdisciplinary teams consisting of both 
technical and social scientists. In-depth informal interview techniques 
emphasizing understanding and qualitative/attituldinal data are very useful in 
delineating an initial understanding. If necessary, specific initial observa
tions can be later confirmed by a more fornal approach, involving some 
type of random sampling procedure in data collection techniques that yield 
quantitative/objective data on variables thought to be critically 'npor
tant. 29 Experience over tile years has shown that, in general, delaying design 
and possibly testing work until such information becomes available is rarely 
justified. Often such studies/surveys simply provide a more scientifically 
accepted verification of what is already known. This is particularly the case 
if tile initial descriptive/diagnostic work using informal interviewing tech
niques is well done. Rather, timely starting of experimental work can itself 
provide an additional opportunity for learning about technical relationships. 
It also provides an opportunity for farmers to observe results and possibly 
comllllent on the treatments and results. 

For some it might be surprising that FSR practitioners have not advo
cated more reliance on formal modeling techniques to provide greater 
understading of agricultural households 30 and of farming systems. Most 
recognize the potential value of modeling in systematizing thinking and 
improving understanding. However, concerns arise about the potential time 
in obtaining tile data to validate such models and tile complexities of accu
rately simulating the real world. Therefore, skepticism often exists as to 
whether the benefits of such an approach outweigh the costs of the limited 
research resources which have hig!, opportunity costs. 31 

Many handbooks are now\' available which provide useful material not 
only on undertaking informal surveys, 32 but also on more formal ones. Many 
also contain material on designing, implementing, and evaluating farn level 
trials.3 3 Two recent publications that are particularly noteworthy are a book 
bv Feldstein and Poats 119891, in which they present a simple methodology 
for examining intra-household relationships-particularly relating to gender 
issues, and a handbook by Amir and Knipscheer [19891, tile only one that I 
am aware of that concentrates on tile livestock sub-system; it provides much 
useful information on not only tile procedures for on-fairm animal research 
but also the economic analysis of such work. 

Earlier ill the paper three types of trials are Mentioned. The basis of the 
differentiation is whether the researcher (R) or farmer (F) manages (M) and 
implements (I) them. These trials-RMRI, RMFI and FMFI-differ in terms 
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of research objectives, methods, experimental designs, types of data collect
ed, methods and analysis, and evaluation criteria INorman and Modiakgotla 
19901. All three types of tri;.ls are important since they serve different pur
poses. For example, RMRI trials are best for ascertaining cause-effect rela
tionships, and data for economic analysis are often most easily collected at 
the RMFI level. FMFI trials, on the other hand, provide the best mode for 
collecting farmers' attitudinal information. Thus all three types of trials have 
value in on-farm research.3 4 A particularly useful method for involving 
farmers, increasing the multiplier effect of limited research resources, and 
promoting farmer-to-farmer interaction are farmer groups INorman et al. 
19881. These groups, membership of which is voluntary and is not restricted 
to heads of households, meet on a regular basis to discuss progress on the 
implementation of trials selected and tUndertaken by individuial households. 
FMFI trials are well-suited to being implemented through farmer groups. 35 

In terms of techniquLes for economic analysis, considerable reliance con
tinues to be placed on relatively simple approaches. Two critical issues 
underlying the legitimacy of many of the results of such analysis are: 
I) Placing correct vales on the inputs and prodtcts that do not originate 

from or end up in the market place. 
2) The use Of evaluation criteria that reflect those experienced by the 

household. 
Particularly challenging is valuing labor-which is likely to vary season

ally-and evaltating the results in terms of the most limiting factor, for 
example, return per hour used during critical bottleneck periods, rather than 
return per hectare. Average return and budget (i.e., partial, enterprise, and 
sometimes whole-farm) alnalytical techniques are commonly used. Marginal 
analysis-a more powerful technique-certainly is preferable where the 
technology is tested over a wide range of inputs. StIch a sittation more likely 
occurs in RMRI types of trials rather than at the RMFI and FMIFI level. 3 6 

Given the poor levels of living of the agro-pastoralist households, it is likely 
that dependability of return will be an important criterion for them in their 
assessment of the attractiveness of a technology. Yet it is perhaps in the area 
of risk that the greatest problems exist in easily applied techniqtues. Tech
niques such as stochastic dominance [Schurle and Worman 19901, minimum 
returns analysis [CIMMYT 19881, safety-first analysis [Worman et al. 19901, 
beta ratios, and expected value analysis [Amir and Knipscheer 19891 have 
all been advocated. 

Suchn econoiCcevaluations are important in helping appropriate 
authorities-researchers (the technology developers) and plannets (the poli
cy/support system developers)-decide whether efforts should be made to 
disseminate the technology, and how the policy/support system must be 
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adjusted to facilitate its adoption. For households themselves, such informa
tion is likely only oe component in a series of other fiactors that will influ
ence their decision whether to adopt the technology. For example, their 
subjective evalation of risk of a specific new technology may be very diftfer
ent from that measured objectively IGuillet 19801. To date, techniques fOr 
interp'eting these attitudes ha. e not really been used - if in falct t ek exist. 
Also, to date, in most countries, such attitudinal data-somle of \w1ichl may 
relate to whether or not the technology is socially acceptiable--has generally 
been heav'i ly discoun ted by those responsible for nmking dec i.,ions ablOlt 
whether to actively disseinalte specific inproved technologies. 37 

Criteria for assessing environmental sustainability is perhaps the area 
most poorly developed at the present time. Currently used evaluation crite
ria are rather unsatisfactory and are primarily technical in nattre, for exam
pIe, percent organic imtter, changes in soil structure, etc. Benefit-cost types
of analysis can be useful inl assessing the rates (( relurn oil investments 
designed to improve or maintain environmental slability (e.g., pasture 
imprtovument). Hinever, as ientioned earlier, agro-pastoralist houselolds 
are likely to disc01unt the future very heavily. Theref Ore, beirefit-cost analysis 
is unlikely to be particularly useful in assessing the attractiveness of the pro
posed strategy as far as such1 households are concerned. 3 -lowever, such 
analysis can be potentially valuable in justifying tile implementation of spe
cific policy/support systems (e.g., subsidy) to encourage its adoption. 

CONCLUDING REMARK 
This paper has two primary functions: to demonstrate the importance of 

including the socio-economlic dimension in improving the prodlctivity of 
snall ruminant productiOn systems, and to indicate some of the socio-eco
nomic factors that must be considered in developing improvements that will 
be relevant for algro-pastoralist households in the Bolivian altiplano. More
over, improving the small ruminant production system cannot be done inde
pendent of assessing interactions with the rest of the farming system. For a 
number of reasons (e.g., risk management, maximizing use of factors of pro
duction available to the hoUsehold, etc.) atdiversified farming system w\'ill 
remain important to such households no matter what is done to improve the 
productivity of the small ruminant system [Guillet 19801. 
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ENDNOTES 
11 appreciate the constructive comments of B. Schurle, KSU, on an earlier 

draft of this paper. C. Flora, VPI, C. Valdivia, UM, A. Hansen, UF, and 
C. Bussing, N. Donaghue and T. Meyn, all of KSU, were very helpful in 
providing information and papers on Bolivia. 

-For the sake of brevity, the term 'small ruminant production systems' will 
refer to all types of technology relating to the improved productivity of 
small ruminants. Also, the term 'small ruminants' will include camelids. 

3 1n fact, I cannot find any Bolivian material on micro-level stu'lies under
taken by agricultural economists. This lack may be due to the more 
Marzian orientation of agricultural economists in Latin America con
cerned with social relations of production among different groups on the 
society. This finding contrasts with the more individualistic approach 
implied in the neoclassical orientation of agricultural economists in 
Africa, and often in Asia. 

4 These systems are characterized by a lack of production stability or high 
risk. This situation occurs partly because c. the environmentally diverse 
conditions under which such farmers operate, which in turn usually result 
in relatively complex farming systems. 

5 Amir and Knipsche2r 11989:13], using as their source Bernsten et. al. 
[1983], provide a useful comparison of characteristics of crops and ani
mals and implications for using animals in on-farm testing. 

6 This lack of opportunity is particularly disturbing since the lack of impact 
of much research has been blamed on the lack of, or poorly 
developed/inefficient, policy/support systems [Daniels et al. 1990] 

7 Managerial ability also obviously varies among households. 
8 For an example of such relationships in a Peruvian highland community, 

see Bilinsky [1986]. 
9 Ellis 11988: p. 13] defines a family as a "social unit defined by the kinship 

relations between people." In contrast, a household is defined as a group 
of people who live together and eat from the same pot, i.e., share the 
same hearth. 

l0Others could include food self-sufficiency, leisure time, etc. 
1IAs suggested earlier, in much of Latin America this aspect appears to 

have received much emphasis, in contrast to the type of micro-economic 
studies that would occur based on the micro-economic theories. 
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12 McCorkle et al [19871 indicate examples abound of indigenous farming 
communities that have successfully sustained the productivity of their 
rangelands over hundreds of years. One important conclusion arising out 
of work in Morocco was that traditional systems rely on regulating the 
length of the grazing season, use socially flexible and/or hierarchical 
rights to rangelands, and control use of wells. In contrast, most Western 
practices and range management projects rely on fixed stocking rates, 
rigid control of herd movements, and privatization of pasture rights. One 
of the other speakers at the symposium [Ellis 19911 argued convincingly 
that in a highly variable climate - characteristic of many semi-arid and 
arid areas of the world - the optimal strategy will involve opportunistic 
management, namely adjusting stocking rates according to the situation. 

13 High population growth rates, placing piessure on the land resource base, 
also have an influence. These rates increase also as a result of improved 
accessibility to medical facilities. 

14 McCorkle [19901 and Browman [19871 provide some useful insights on 
the soci-economic dimension for improving production systems of agro
pastoralist households in the Andes. Papers with useful information on 
Bolivian altiplano households include Hatch [1983], Preston 119781, 
Johnson 119861, and Buechler and Buechler [19711. Also, two particularly 
useful papers that were given at the symposium but were not available 
when this paper was written were Painter [19911 and Caro 119911. 

15 1t is also possible for all households to face the same constraints to 
improving small ruminant productivity, but because of differences among 
some households, there may well be different relevant solutions. In such 
cases, there will still be more than one recommendation domain. 

16An important component in obtaining this understanding involves get

ting information on the indigenous knowledge systems possessed by the 
households. Such information is very useful in developing appropriate 
methods for improving and implementing strategies to improve the pro
ductivity of small ruminant production systems JMcCorkle et al. 19871. 

17 Harman [19841 in her study in the Potosi region concluded egalitarian 

relationships do exist between men and women. She also found that in 
recent years, young women are increasingly leaving for seasonal work in 
the eastern lowlands and cities. Finally, in Peru the women are responsi
ble for the small ruminants [McCorkle et al. 19871. 

18 Orlave [1980] indicated that in the Andes, tile peak labor period for small 
ruminants occurs for shearing and slaughter. 
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19 That is, in addition to that for draught animals which are cattle [Hatch, 
19801. Browian [19871 mentions the increasing shortage of land leading 
to priority being given to food crops at the expense of hay. Also related to 
this issue is a reduction in the length of the fallow period reducing grazing 
potential while at the same time increasing the need for manure to main
tain soil fertility. 

2 0 Guillet 11980] provides some interesting insights on risk management 
strategies of Andean househoIls. 

21Coping strategies, in a sense, involve a flexible response to the need to 

maintain consumption levels. However, as just indicated in the text, the 
seasonal variability and uncertainty in the weather conditions, particular

ly rainfall, also means that such households will maintain a flexible 
response to variations in production conditions. This is likely to exist, 
particularly during the cropping season, when sequential decision-making 
(i.e., a decision-tree type of strategy) is likely to occur based on what hap
pens as the season Unfolds. 

221 am unclear about the current strength of these as a result of the land 

reform program of 1952 [Clark 19681. This obviously had a dramatic 
impact On communities and production practices. On the other hand, 
Browman 11987] observes that agrarian reforms did focus on re-establish

ing specific social institutions to enhance economic productivity. 
2 3 For example, in some areas of Peru, when cropping activity stops in a 

field, the land passes from individual to communal tenure until they cul
tivate the land again jJamtgaard 19841. 

2 4 Apparently in parts of Peru, coordination occurs anong several house
holds in daily cropping and herding activities, although each houIsehold 
has its own, plots and animals IMcCorkle et al. 19871. 

251n the context of this paragraph, sustainability is discussed in terms of 

ecological stability. Much of the preceding discussion in this paper is 
implicitly concerned with developing strategies that are sustainable as far 
as the individual househt .1and exogenous factors are concerned. Anoth
er paper given at the sympotsium addressed the issue of sustainability in 
some detail [Grove, 19911. 

2 6 Responding to the 'felt' needs of farmers is one of the important charac

teristics of FSR. 
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271n the high-income countries such a convergence occurred through com. 
bining the implementation of technoloies designed to ensure environ. 
mental stability with strong policy/slipport systems involving a heavy 
degree of subsidization to encourage their adoption. 

2 8 possible strategies include: ex ante screening of all technologies to ensure 

they will have no negative environmental impact; developing technolo
gies that have both a prodUction and conservation impact (e.g., agro
forestry); and bringing about a convergence between policy/sulpport 
systems designed to promnote production and those designed to promote 
conservation, through improving the potential for a carrot-and-stick 
approach. 

2 9 Because of the time-consuming nature of data collection followed by 
delays in analysis and writing, multi-purpose farm management surveys 
are no longer so popular. Instead, special studies and surveys that have 
more limited objectives, which are implemented and processed fairly 
rapidly, are becoming more popular [Wornan et al. 19901. These 
studies/surv'eys sometimes explicitly try to relate technical and socio-eco
nomic variables. 

3 0 1n some circles, these techniques have received some emphasis in recent 
years, particularly in assessing the potential impact of policies. See, for 
example, Singh et al. 11986], Maggraf 119861, and De Janvry et al. 
[1990A: 109013]. 

31 With respect to this, Anderson et al. 11985] review the role, contribu
tions, and limitations of socio-economic modeling of farming systems. 
Bennett and Macpherson [1985] provide an even more skeptical view of 
its value. 

3 2 Sometimes called sondeos or rapid rural appraisal. 
3 3 These works tend to concentrate on the crop sub-system. Nevertheless, 

they do contain much information on techniques that could be applied to 
the livestock sub-system as well. Useful references are Andrew and Hilde
brand 119821, Caldwell et al. {1987A: 198713: 1987C], CIMMYT 
11988A], Frankenberger and Walecka 119871, Hildebrand and Poey 
[1985], Shaner et al. [19811, and Zandstra et al.11981 }. 
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3 4 Surprisingly, however, a few years ago, a survey of 41 FSR-type projects 
revealed that only 12% undertook RMRI trials, while only 46%, under
took FMFI trials [Barker and Lightfoot, 1986]. Thus in many cases farm
ers are not well integrated into the research process. The results of the 
same survey also revealed only 32% of the FSR projects undertook all 
three types of trials. 

3 5 Siebert also found those groups of farmers useful who offered their opin
ions on possible treatments in design RMRI trials [Worman et al. 19901. 

3 6 Worman et al. 119901 provide a general review of the techniques, while 
Amir and Knipscheer 11989] provide more specific information on specif
ic techniques. For example, they discuss partial-farm techniques of vari
ous sorts, including partial -budget analysis, gross-margin analysis and 
bread-even analysis. CIMMYT 119881 provides a clear description of 

marginal analysis using on-farm trial data. Another useful reference on 
the techniques of economic analysis is Dillon and Hardaker 119801. 

3 7 UnfortUnately greater incorporation of the household - the ultimate cus

tomer of trial work - in Vte evlwuation process results in more qualita
tive 'softer' type of data, usually less acceptable to those responsible for 
such decisions. Related to the issue of these consumers is the need to 
include in any recommendation produced specific information that will 
enable it to be successfiully adopted b1 more farmers. In this regard, tar
geting information (i.e., stating Under what technical and socio-econon
ic conditions the proposed strategy would be most applicable) and 
conditional clauses (i.e., stating what to dotunder circumstances different 
from those originally envisioned in the recommendation) are particularly 
useful {Norman 1991}. 

38One possible way to partially compensate fOr this factor is to assume that 

a high financial internal rate of return (IRR) is necessary to attract pro
ducers. For example, in work on improved grazing management strategies 
and forages in Peru, Jaramillo et al. (19851 assumed a minimal IRR of 
)5(/ was necessary to attract producers. 
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Context of Andean Pastoralism 
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Research and Interventions 
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The Futures Group, Washington, D.C.
 

INTRODUCTION 

In 1988, Jorge Flores Ochoa threw down a gauntlet to researchers and 
developers interested in Andean pastoral systems. He chastised foreign 
researchers and developers for promoting European animal species at the 
eXpense of an ecosystem to which canelids arc peculiarly adapted. He chal
lenged us, instead, to look 1or a sustainable pastoral system in nati't Andean 
animals and technology rather than in imlproving conditions that lavor the 
production of sheep and goats-conditions which he perceives to be ulti
mately destructive to the Andean ecology (Flores 1988). 

Flores argues that camelid pastodism offers a comparative advantage for 
Andean countries ille to nativc AndCan camAelids' ;ida1tation 1 the altitude, 
climate, and flora of the altilnt and cordillera, the relatively high price of 
alpaca fiber, and the excellent source of protein providCd Iy cancelid nmat. 

This paper presents an overview Of" sone relatively recent changes in 
agropastoral and istoral production systems in the Andean higihlads of 
Bolivia. It takes Flores' challenge seriously in examining the socioCconomic 
conditions which have increasingly undermined the importance of Andean 
camelids in pasto ral and agropastoral commnllitiCs and have promOtCd wlt 
Flores has termed the "ovini:ation" of the Altiplano. It -argLueC for an alterna
tive research strategy focused on Andcan camelids, the means of improving 
the marketability of their product:;, and developing approaches to land man
agement wlhich will encourage agiopastoralists and pastoralisis to increase 
the numbers of these animals in their herds. The point of departure of this 
research would ie the expertise of Andean herders and tile problems they 
confront in trying to imnprov'c their ainimal production and management sys
tems. The focus would be on the rculpertion and wider dissemination of 
local management practices, interactive problem-sol.. ing amiong researchers 
and herders, financial, infrastructural and technical support for implemrent-
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ing those solutions, and on-farm/on-ranch research that responds to the 
herders' concerns. This argument is not based on some romantic notion of 
an idyllic Andean past, but rather on a belief that Andean animals managed 
under improved Andean technology is the most efficient means of reestab
lishing sustainable agropastoral production systems in the Altiplano. 

OVERVIEW OF AGROPASTORAL AND PASTORAL 

PRODUCTION SYSTEMS IN THE BOLIVIAN HIGHLANDS 

There is considerable variability amnong agropastoral and pastoral pro
duction systems in Bolivia. Therefore ii is diffictilt to describe one set of 
constraints and opportunitics which will guide research. Ne'ertheless, a few 
trends can be discerned which allow us to speak imdly of dhree types of 
community-biscd pastoril product itn which are either complementary to or 
comaplemented by agricultural production: I) an agropiastoral system where 
agriculture mad herding a1 ta irI'y Cqtl and complementary activities
sheep are the most importait animals Iboth rnumerically and commercially; 
2) a pastoral system complemented by agricultund product ion-Inimas pre
dominate in importance culturally and for intr:onal trade, but sheep have 
become incrcasingly important as a ,ource of cash; 3) camnclid pisrtoralism, 
eeasitinily supplemented by direct agricultunrad prodticlioi iin idjacCnt ecO

loigical :ones-herd, are chiefly cimptiOsed if aa;iIs, IIi inis and sheep, in 
that order of importamce. The side of alpaca fiber is the principal Solr'ce of 
cash income 1'(r this last group of"herders. I will summarie the iannual cilen
dar if productiXe and exchange activities, the Lind tenure patterns extant in 
each type of prodtiction system, labor requirements Md constraints, a|nd 
sources of cash ad in-kind income for households in each of the three 
regimes. 

TYPE 1: AGROPASTORAL COMMUNITIES IN PACAJES 1 

The agropistoral commnunitics described by Birhuet in the Pacajes 
Province of the Department of La Pa: span an ;altitude of 3,820 to 4,000 
meters aove sea level. The climate is cold and dry, with ;in annual precipi
tation of 400 mn per year. Low temperatiures ad lack of rainfall make agri
culture an extremely risky endeavor (Birbuct 1989:10). 
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Description of production system 
Pastoral production is tile principal mechanism through which herders 

attempt to compensate for the uncertainty of agricultural production. 
Agropastoralists in Pacaijes invest income derived frolml the sale of agricultur
al products in tile iutrchase of MaImls during tile rainy seson (November to 

March). Over the course of the tiry season (April to October) agropastoral
ists decapitali:e their herds to cover their cash and subsistence needs. Barley 
culti'lted by the agropastor0lists supplements native trage during the lean 
tnollths of the dry season. 

Herd sizze and composition 
A sIiIp)le Of 10 hOtIlCholds studied b'y Birkiet demonstrates that sheep 

herds range in si:e from 20 to almost 200. Sheep represent 86.5% ofthe ;ai
meals in fltnily herds. Other animals include cattle (5%), ll;mas (.5%). and 
pi,,s (4%). The predo minance of sheep in the herds mad the absence of 
Andean camLAils is dtuc .o tile ftolowing faictors: I ) Individumli:ed lLd hold
ings and the conseitient iprceli:aion o1f lnds dind plstonlism.scouragcs Illma 
It is easier to contain sheep in a smaler iarea than llam:ts who move gradul
ly il! dt, while nibbling dainthily. Their tndoence to wader ;cr-ss property 
ltilndaries creatme conflicts over land iatlon holusehold ( irbuet 1989:1 3). 
Parceli atiotn Of lad holding,, has Also resulted in a hahalzad diStribitiol of 
agricultural mad p;ittire land,. \Vhen com ulnilie conf rned to the disci

pline oft an ayloka syslell, pistirclndm, were Usually' not contiguois with 
agricultural plots. Theref, ;animlis cild wider while grizing without 

CndainCring cuI\'tivatld fields. 2) (CittlIc owners reserve p1iStire for their cit

tie for Use dtiring the dry se on. Thi, pnictice further r'niricts p;isture avail
able for llms. 3) There i k I rIdit ion Of alpaicl herdingl in the 
communities sitidied by Bir uet, altliLIgh neighboring communities do herd 
aIpacas despite tile paiicii y of I101',ilc.s. Tho.se AilviesI ie idapted to dry 
pasture year ronid (Bi rbuet 1989:14). 

1lerd si:c varies over thc year. Between Januiiry and June, herders invest 

agricultural surplhses inl increasing their herds. Animll numbers decrease 
between July and )ecei',cr due io scarcity of forage, increased susceptibility 
to disealsC, and increased sales to cover houisehold subsistence needs (F3irluct 

1989:16). 
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LAND TENURE 

Agropastoral households in the Caquliaviri and Comanche areas of 
PacaIjes own individual plots of land which they designate for both herding 
and agriculture. The Agrarian Reform inposed ;Isystem of individual land 
holding which was contrary to the system of communal land management 
extant in these areas prior to the reform (lBirbuet 1989:39). This change in 
tenancy patterns hIs likely undermined one Of' the 111st effectiv'e mels of 
achiev'ing atsustiinalle .agr pilstord system in the Andean highllds. Joint 
management 4fconulitinal resoutrces favors an effect ivye distribut ion of differ
ent types of productive resotirces among community members according to 
household si:e ;and needs. It also allows the community households to rotate 
pastures and t(protect crops fromminmis (13irbuet 1989: 39-40). 

HERDING PPACTICES 

While the most concentrated period of activity related to the herds is 
during the rainy seaso n, there is considerable \'variability among iiouseholds 
in tile timing of these aicti'ities. For example some fimilies milte sheep in 
August, while otlhers do it in January. Similairly, three different t'imilies cited 
widely divergent dates fOr when tley'clip tails Md castrate their sheep (Jan
uary, April, md September). Different families also chose quite diverse 
times of the year tosheair their sheep. The diversity of individual choice 
exercised by the different househOlds in timing these various activities con
trasts greatly with the disciplined scheduling factivities in communities 
where camelid pastoralism predominates. 

Labor Use and Availability 
There is at notable difference in the division of labor by gender with 

regard to thl. number of" labor dlys dedicated to different activities. Over 
70% of men's time is dedicated to agricult ure, while over 80% of worlmen's 
time is invested in the herding and care of aimials, particularly small ani
mls such iassheep anod pigs (BirhOiiet 1989). (atle, however, are chiefly but 

not exclusivehy the responsibility of men. The demand t'r pastoral labor for 
both sexes is higlhest during the rainy sea.son between January aid March. 

Young children of broth sexes, under the ttiteli ge ofttheir mothers, are a 
vital source of herding labor in tle househoIId. Thus, on1e consequence of 
school attendance has been to severely restrict the pool of herders. Adult 
women compensate for this labor shortage by herding more animals on 

Caro 74 



smaller amounts of land and by forgoing other complementary economic 
activities, such as weaving. Labor is a key constraint in permitting agropas

toral households to utilize tile lans available to them. 2 

Market relations 
Animals in agropastoral communities are principally a source of cash 

and savings. Agropastoralists invest monetary income from agricultural 

products in animals. When households find themselves short of cash, they 
sell animals. Most weekly markets and fairs in agropastoral areas are animal 

markets (Birbuet 1989:21 ). 
Women are the principal buyers and sellers -;(butchered animals (most

ly sheep) in the regional markets. Women also make most of the decisions 

with regard to which and hoV many sheep to sell t any particular time (Bir

buet 1989:24). The sale of meat and animals on the hoof is more common in 

these areas than the sale of wool and skins. Most wool is used for domestic 

conslmption, but occasionally women will sell wool fo petty cash to pur

chase fooid in a weekly market (Birbuet 1989:28). 
Increasingly, a c0minolln econolilllc strtllegy ill these coinlmulnit ies is a 

dual residence pattern, whereby husbands reside the majority of the year in 

La Paz, while wives and young children remain behind to care for tile ani
mals and agricultural fields (Birbuet 1986:55). This shift is a response to 

increased pressure on land in tile area. 

Major trends and implications 
Birbuet draws several salient conclusions albout the current situation in 

agropastoral communities (Birbuet 1989:106-112): 
1) Differences in herd si:e and composition among households are as much a 

function of tile economic strategies by which households are articulated 

with the market as they are a factor of families' access to pasttres. 

2) The decline in the llama population in these communities is due to tile 

waning importance of llamas as pack animals, legal restrictions and urban 

prejudices against tile sale and consUlinptitm Of llama meat, difficulties of 

herding llamas on stMall individuali:ed parcels of land, and incompatibili

ty of herding llamas and cattle because of their conflicting pasture needs. 

3) Household consumption needs, rather than herd si:e, are key in deter

mining the number of aininals particular fainilies sacrifice for sale

wealthier herders do not necessarily sell more sheep. 
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4) 	There is a clear division of labor by gender: men dedicate most of their 
time to agriculture and the care and marketing of cattle, while women, 
aided by their young children, manage all aspects of sheep production 
and commerce. Formal schooling of children has created a serit us labor 
shortage within these communities.3 This shortage of labor affects tile 
care of the animnia, ind increases, along with the parcelization of land 
holdings, tile tendency toward overgrazing. 

D)spite the high incidence of individual land holding in Type I com
munities, labor availability, not land, is the key indicator of economic well
being among different households. Extended families that manage their 
resources illcommon can achieve a more efficient allocation of productive
 
resources than can nuclear families.
 

TYPE 11:LLAMA PASTORALISM IN PAMPA AULLAGAS,
 
ORURO; LAGUNA COLORADO, POTOSI; MACHA, NORTHERN POTOSI
 

The difference between Type I and Type II communities has less to do
 
with ecology and altitude than with proximity to urban markets, labor avail
ability, land tenure, and regional histories. Type 11communities are character
istic Of the southern aItiplano (the souliof lhe )epirnment of la P i:, Oru ro,
 
and Potosi). InI the 19th Centur'y and up until qtite recently these llama-pro
dlcing areas wert instrumental illm11oving larg1e quanlitie. of agropastoral 
products between diverse ecological :()mnes. Llama transport was crit cal Ito 
assuring tile stob,istence of indigenoius coimui iinit ies illthe Atiplino and inter
montane valleys as well as essential 1ir tile COituceiOf minerals an1d ianu
factured goods ilthe V'icinity of minitng centers (Torrico 1990:9). 

Many of tile '. Inds discernablC in Type I conmunities, suIh as 
iL.. eased parceli:ation of land, gender polarization of herding act ivities, and 
an increa,.t in sheep herds at tile expense of camnelids ire also evidenl ill 
1ama Ierding commnunitlies (Mmolina 1983). Torrico discusses increased agri
cultural production illthe highland fields which formerly were used exclu
sively for pastures as a consequence of the waning importance of llamas as 
beasts of burden. This shift has put additional pressure on scarce pasture 
resources (Torrico 1990: 33). 

DESCRIPTION OF PRODUCTION SYSTEM 
The primary subsistence and commercial activities of these communi

ties are derived from llama and sheep production. Llama transport and llama 
prodl;.Lts such as w\VOl, Ineat, and ding are the principal source of incorae 
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(Liberman 1990:210). Agriculture in these coTmmunities, principally tile cul
ti,ation of potatoes and luinlna, also provides lpartial yet important source 
of household food but contributes little in ternis of cash incone (Lihernan 
1990; Molinl 1983). All households in Type II comnuntieties ire dependent 
on barter or mirket exchangIeI a significant port io of' their sub-I r providing 
sistence food needs. The herders obtain hwi:e, Imajor component of their 
diet, exclusively thouLgh Ibarter exchalge oCOrmarket purchaso. Most house
holds mulst also stlIpplemIent tieir oIwn prodductiol of"pota toes throuh.,h barter 
or purchtase. 

HERD SIZE AND COMPOSITION 

Herd size ind comptosition 'iries considerably fromn place to place and 
among households ';Within the same comuntities. A census of ainials in 
Pampa Aullagis during tile drought year of 1983 revealed 13 familiies with 
no llamas it;ill to llam herds ringing in number to more ta:1n 31 (8 fii
lies). Most tfailies (50"o)owned 1ci w\'een 6 ind 30 llanias. A su'prisilg 
32%, h,iWeVer, iwned i Il:inams ti- less. Forty-six percent Of the 50 house
holds survee\'Cd ovned 31 oritnoe sh eep (NItlin.1 1983:18-I 9).4 

Liherinan cites considetabl!y higher figies in tile Sud lipe:, where 
llaima herds average 100 head. 1-!oisehtlds with 60 or less animals are con
sidered ptor, wvhile tlhoe with 400 or mtoe ;ire regarded iswealthhy (Liber
nman 1990:2 11 ). I lousehl.dds own additionll sheep il goit stock of 
uildeterlileCL nimllnbels. h,Maichi, size from 75 toho0usehold herds rlnge ill 
240 Ilaimis and 30 it)300 sheep. Additi nally, finnilies own ip to 20 cows 
and as imlny ias10 pigs orI donkeys (Torrico 1990: 65). Alzerreca and Jere: 
report much similler htrls, iveraging 12 llims nd 30 sheep, fOr the coni

unlllity of' JaIpo in the highland area of' the Department of Cochabllba 
(AIztrrecai id Jere: 1989: 11). 

LAND TENURE 

Generally, land titles in Type 11areas are communal , wvith each house
hold or gr upS Of rela;ted households having isufructuary rights to specific 
areas tfthe community. Two common Inisctncepttions about land tenure 
tire cOtlntui in Type II co I) th;it tenuremmunities: conmuinal neians free 
access by all households to all p1isttires in the collllmlnity, and 2) that coin
nmunal tenure combined with inldiVidtlll ownetrhip ftianiials provokes i 
trledy Of tlhe cominns, result ing il severe overgrazing in these conluni
ties (Al-i:rreca and Jere: 1989:9). Despite communal titles, each household 
IS specific lind which ;ire fromrecogni:ed ustIfructuary rights inherited 
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their ancestors. Contrary to provoking a tragedy of the commons, several 
authors have argued that the great flexibility in communal land tenure sys
tems with recognized usufrulctuary rights allows herders :o redistribute pas
ture resources among hOLuseholds according to relative changes in their herd 
sizes and labor pool (Caro 1985, 1989, Molina 1983, Torrico 1990).6 Torri
co presents a compelling comparison of two communities in the Macha 
ayllu, one of which opted for individual land holding, while the other main
tained communal rights. Overgrazing and land shortages are much more 
severe in the first community (Torrico 1990). 

HERDING IRACTICES 
There is considerable variation in herd management practices among 

these collmlunities. Some common elements, however, are evident. Women 
are chiefly responsible for the daily herding and management of the animals. 
They take the female llamas and sheep to pasture early in the morning, 
often walking several kilometers to grazing sites, and return late in the after
noon leading the herd into a corral for the night. Male houIsehold members 
are2 usually responsible for the care of male llamas who are left to graze alone 
on hillsides or in more distant pastures. Every few days a nale member of the 
household checks onl the herd to make sure that the animals have not 
strayed too far, ar: healthy, and have not fallen victim to predators. 

LABOR USE AND AVAILABILITY 

The most intense period for activities related to the care of the herd is 
in the rainy season from No'ember to March. This is the period during 
which the animals are shorn, mated, born, and marked (branded) and during 
which the demand for labor is greatest. !.1 addition to these special activi
ties, Torrico describes the following daily labor needs in Macha: one herder 
to pasture the female llamas and sheep, one herder to oversee the male 
sheep, and one man to check on the male llamas (Torrico 1990:69). 

The declining importance of llamas as pack animals for interzonal trade 
and the conseqtuent increa.ed cash needs of herding households to replace 
items formerly acquired through barter has prompted household members 
(mostly men) to seek temporary and occasionally permanent employment 
outside their communities (Liberman 1990; Molina 198.3; T-,: rico 1990). In 
addition to covering the subsistence needs of the househoki, herders in some 
communities invest income from wage-labor employment in repopulating 
their herds. 7 N'olina estimates that income in cash and in-kind are derived 
fairly equally from wage-labor and barter. He argues that the decision to 

Caro 78 

http:increa.ed


work for wages outside the conmunity hinges ol tile availability of labor 
within the household. There is a clear, direct relationship between the num
ber of economically active household members and inconmle (Molina 
1983:34). 

The trend toward increased dependence on income from wage-labor 
activities has also had an impact on the division of labor within herding 
communi ti,s. Pastoralism has become virtually the exclsive donmain of 
women and their young children of both sexes (Liberman 1990:203; Molina 
1983:14; Torrico 1990:33). Nevertheless, this trend has not keen accompa
nied by a cultural depreciation of the importance of herding, contrary to the 
usual assumption that tasks that are identified as female are somehow inferi
or. Women's management and adminitration of the herds accords them a 
particularly high status and a great deal of economic power and political
influence in Andean herding comiitunities. 8 

MAP i,.-TRELATIONS 
The major source of subsistence in Type 11 communities is pastoral 

products such as meat, wool, skins, dung (for fuel and fertilizer), and textiles, 
whether for barter or sale. Meat is the most important of these products in 
both exchange systems (Liberman 1990:219-220; Molina 1983:28). Animals 
are sold either butchered or on the hoof. Barter and market exchange are by
 
no 
means closed and separate circuits of exchange. The herders move prod
ucts between the two 
types of exchange systems with great versatility. A
 
transaction might begin in the market with the sale of wool or meat and the
 
purchase of manufictured goods which are then bartered in intermontane
 
valleys for agricultural products.
 

MAJOR TRENDS AND IMPLICATIONS 
Two apparently contradictory trends emerge out of tile literature on 

Type I communities. Molina notes a decrease in barter and agricultural 
activities with a conISequent increase in pastoral activities and Wage labor. 
Torrico notes an increase in agricultural activities and wage labor on tile 
cart of men as a conseLiuence ofLdemise of llami transport in rural areas sur
rounding the mines. Women seem to dedicate most of their time to herding, 
whileimen allocate most of their labor to agriculture and income-generating 
activities outside the community. flue te a decrease in herd size, women's 
labor employed in the care of tile animals is less intensive than in the past 
and can be simultaneously invested in weaving. In both cases an increase in 
wage-labor outside the community is due to a reduction in herd size and a 
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decrease ill the importance of llana transport. In Painpa Aullagas during the 
drought of 1983, men opted for investing their time in wage-labor activities, 
forgoing agricultural tasks which promised meager returns. In Macha, men 
withdrew from herding tasks in order to invest their labor in agricultural 
production and wage employment outside the community. Liberman reports 
similar trends in StLd Lipe:, where she noted a high ilcidence of temporary 
male out-in igration especially to neighboring mines and to Chile and 
Argentina. Barter exchange, however, has by no means disappeared in any 
of the three areas. The herders in all of these regions continue to barter with 
agricultural communities, a system which continues to offer them options to 
unfavorable terms of exchange in the market. 

TYPE II1: ALPACA PASTORALISM IN THE ULLA ULLA REGION, LA PAZ 

DESCRIPTION OF PRODUCTION SYSTEM 

The Ulla Ulla region in the Fran: Tamayo Province of the Department 
of La Pa: is the largest area of alliaica production in Bolivia, with in esti mat
ed 75 percent of the alpaca populat ion If"-he country. 

The altitude and low diurnal temperatures preclude crop prodtuction in 
the herding area. The primary occupation Of approximately 600 Aymara
speaking finil ies is herding a lilca~, 11a1ia, and soIme sheep. Ulla UlIa herders 
practice a transhumant form of pIAtoral ism, moving their flocks between 
bofedales in the dry season and dry ranmglands during tbe rainy season. Some 
families also cultivate potatoes in the intermontane valleys to the east. All 
herders barter with valley agricultural producers for potatoes, corn, and 
wheat. Some travel with their llamas on trips lasting up to one month, while 
others travel by truck on shorter trips of one or twO days' duration. Alpaca 
and sheep wool is sOILd for cash or woven into textiles. llama wool is mostly 
left on the animal, especially on males, where it serves as a protective mat 
between the animal and its cargo. 

The herders live in disper:;ed hamlets (eshaucias) usually composed of 
four to ten households, although they can be as large as thirty and as small as 
One. The e'sttcias are loosely groLupled into ten comminities called nucleos 
aguarios, which vere formed by the Agrarian Reform in 1953. Prior zo the 
Agrarian Reform, these cominmunities were part of larger social groups called 
ayllus. 
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HERD SIZE AND COMPOSITION 

Herds range illsize from as few as 10 or 15 animals to as many as 2000. 
Most families have herds composed of about 100 alpacas, 30 sheep, and 40 lla
mas. Female animals outnumIber males in a ratio of approximately 2 to 1. 

Production yields from mating are very low. A little over hal"f the females 
of a given herd are bred each year; the remainder either give birth too late in 
the rainy season to niate for the following year, or are too old, too young, or 
barren. Only abOut 50 percent of the new offspring survive each year. Tile rest 
comumonly die of disease, of lack of nutrients (especially in very dry o: cold 
years), or at tile hands of predators (foxes and condors). 

Tile yearly growth rate varies \vlth the size of the herd. For example, in a 
herd of three hundred ialpacas, two hundred would be female. Only one hun
dred of those would produce offspring in a given yeaCi, and Of those hlf w\oul 
die. Approximiately 12 animals \ould be consutmed 1bytile household over 
tile course of the samle year. Thus, the net yield would be 38 animals or a 
growth rate of about 13 percent. In a herd of one hundred, in contrast, only 
abolt 34 females (to use anleven number) WvOUdd produIce young, and of 
those, about 17 WvoUld survive. Assutming that this fimlily would also consume 
12 alpacas, the increment to their herd would be only five animals, or a 
growth rate of 5 percent. 

Thus, maly poor herders attrempt to acquire additional animals through 
the exchange of their labor or through marriage. At the other end of the 
spectrum-a herd of one thousanld or miore-the growth rate is obviously 
greater, though probably limited somewhat by the quality of care which the 
animals receive. Wealthy herders employ inore non-family labor than other 
herders. Noin-family herders do not attend the animals with tile sane care 
they would extend to their own. Thus wealthy herders lose a greater per
centage of their animals to disease and predators thani do middle herders 
who intensify the care given to the animals in order to increase thcir yields. 

Herders can mlipulate the expaansion of their herds by intensifying 
labor and expading pNaSture area, but they are limited in do(ing so by similar 
actions among competing htoutseholds. The level of herd viability, culturally 

defined as 50 aimials, is tantamount to the ability ftle h'outsehold to retain 
control over its own labor.9 Growvth of the herd allows tile household to 
control labor beyond the domestic unit and to employ household labor freed 
from herding chores in the production of textiles and in commercial and 
non-commercial exchange. Increased production of textiles and w\ool can be 
convertcd in turn into a wider network of social relations. Oftcn the qules-
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tion of optimal ratios of humans to animals in pastoral societies is framed in 
terms of the number of herders needed to herd a certain number of animals. 
In the Andes, it seems more appropriate to ask how many animals are need
ed to retain a certain number of herders. 

LAND TENURE 

In 1976, the nucleos agariosof the Ulla Ulla region received legal titles 
to their lands from the Agrarian Reform office. The herdurs were given com
munal titles establishirng all pastures as common. fto use by members of the 
community. The herders, however, follow other norms which regulate the 
division and distribution of pastures among fanilies. A temporary visitor to 
the region would be hard pressed to find discernable signs of any social or 
territorial boundaries delimiting social groups larger than the estaucias. Indi
vidual estaucias ftuniction quite autonmously, although they are loosely con
nected through kinship,and marriage ties. 

In contrast to agropastoralists in many parts of the altiplano, the herders 
are not property owners in the sense of exercising exclusive and individual 
rights of possession. Consequently, the herding communities of Ulla Ulla 
have not suffered from the division of communal lands into minifimdios 
(small peasant landholdings) as has occurred in many agricultural areas of 
thC Andes. 

Tile division of pasturelands among herders is based on a delicate bal
ance between the control of fatally and extra-family labor and the number of 
animals possessed by estuivcia households. A family with a large herd and 
available labor, for instance, can control more p~asture!and than a herder 
with fewer animals. Wealthier herders commonly recruit labor from poor 
families as a means of dispersing their herds over greater territory. Even 
w\'ithin an estancia-generdly composed of ii gnop of siblings and/or cousins, 
their spouses, children, and parents-the household which takes its herd out 
earliest in the umrning can take advantage Of ;he best pastures. Those whoin 
follow later nxcessarily pal:ture their animals in areas with sparse Or inferior 
vegetation. Most families ir,an estaucia, however, cooperate in the adminis
tration of pastures and thus rotate the herds c"different households almong 
pastures of varying quaili' and distance from the homaesIcadS. 

Many factors condition the relative wealth among community mem
bers. The weaIth fa particul'ra family in 1:rnd and animals can change radi
cal' from generation to, gent.r.,tion. The herders recount endless stories 
about families who were once rich but whOse descendants are now poor. The 
explanation they offer for such changes is that families suffer alterations in 
fate due to rustling, epidemics, bad luck, and/or natural disasters. In the 
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instances where people have suffered such a radical change in fate so as to 
lose their animials and lands, they have been absorbed into other families 
through marriage or as; herders tr rich tiumilies, thus losing (at least tem
porarily) their acti'e rights to Inds in their natal estancias. 

H'rders inherit usufructuary rights to pastures by virtue of being born 
to a particular estancia or through such rights transmitted to them by par

ents and grandparents living in different estancias. The ideal representation 
of the inheritance of grazing rights is that all children, grandchildren, and 
great-grandchildren who retain the paternal surname of in original male 
ancestor have ustifrucuir rights to linds pert iining to that ancestor. Pref
erence to activate those rights inclines toward male descendants, as long as 
they maintain their herds on estancia lands. Most women lose their active 
rights to these lands, not because tihey are women, but becaISe they 'emove 
their animals to their husbands' estancias. In this sense, it is a misconception 
to view the transnm, ion of usufrlctluary rights as an inalienable inheritance 
of lands. Women can reacti\,atc iieir (wn rights to their natal estancia by 
asking permission to herd their animals there from their fathers, brothers, or 
male cousins who reside on tile estaucia. 

HERDING PRACTICES 
The one activity that is constant throughout the year is the daily rend

ing of the aninmals while they graze. Typically, the herd is divided into three 
groups: I) male alpacas and llanas; 2) female alpacas and llanas; and 3) 
sheep. Tile male alpaca:; and llamas graze separately and require a minimuml 
of supervision. Some families even leave them out to pasture for a week at a 
time, checking them only periodically to make sure they have not strayed or 
fallen prey to predators or rustlers. In less protected estancias, the inale ani
mals are released e.ch morning and brought back each afternoon without 
being tended by a hcrde2r while they gra:e. The female herd and the sheep 
need constant attention. 

Alpacas anld sheep are shorn every two years for both sale and dolestic 
Uses such as weaving, knitting, and brter. Llamas are shorn only for the pro
duction of ropes. Generally shearing takes place during the months of 
November through Mlarch, although the herders shear at, any lnle during 
the year when they have an immediate necd for cash. They prefer to shear 
in November and December, since they believe that the rain w.,shes and 
irrigates the animalls' wool and skin in the same way rain irrigites a field to 
produce a better crop tile next time they shear tile aninmal. When tile 
National Wool institute (INFOL) suggested that the herders shear every 
year in April instead of every two years in the months of November and 
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December, the herders objected. They contended that if they ,,heared their 
animals only one year after the previous ip, they woLuld not be able to lenve 

enough w,'ol on the animals tc, j'r.tect them from the cOld weather, which 

sets in at the end of April. They also emphasi:ed that shearing at the begin

ning of the rainy season washes the alpacas and allows tile wool to grow back 
more quickly; in contrast, when they shear during tile dry season, they say the 

wool does not grow back as readily. The herders shear older animals at any 

time during the year to meet donestic expenses as they arise. Often they kill 
these animal,,, at tle same time to make charki to take to trade in the valleys 
and they use the wool from the skins tr their cash needs. 

In December or January, the herders separate the two-year-old male 

alpacas, ankita, from the female herd. At this tinie they examine the ani

mals to determine which will serve as studs in the futuLre. 

Herding families butcher animals throughout the year. They prefer to 

call older and barren females and older males just after the rainy season 
when the animals ire tfitest. Slaughtering a live alpaca or llama requires the 
labor of three adults. 

In May, some of the young male alpacas, llamas, and sheep are castrat

ed. For alpacas and llamas, the process requires three people. One holds the 
animal's ears which quiets and steadies it; a second person ties the animal's 
two front legs to one hind leg and holds the free leg; and a third person per

forms the operation with a knife. 

In June and July, and again i October, the herders treat animals infect
ed with scabies. In June and Jtuly they also tre.,t shorn animals with lard and 

DDT. Three people work one hour and ten minutes per animal applying the 

mixture thro.e times to each one. Three pounds of lard and one pound of 
DDT are used for ten animals. In October, the herders make a general 

review of the entire herd. An extended mfamily works from six a.m. to six 
p.m. checking males, females, and calves for scabies and the females for signs 

of pregnancy. They treat the animals with scabies with a mixture of maych'a, 
a wild phlt, and lard. Two people ascend the cordillera to gather one hun

dred ponds of machI'i which they imix with two pounds of lard and apply to 
the infected animals. Tv: pi gnant females are marked with colored yarn so 
that they are readily identifiable even at a distance. 

Families mark (brand) their year-old animals anytime from Christmas to 

Easter in a ritual cal led umaran allpaqca scnalamc. The entire extended family 
marks their animals togeth, r assigning distinctive ear cuts to the animals of 
each indieVidual in the estancia, including children. 
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LABOR USE AND AVAILABILITY 

In addition to the daily grazing activities, the houIsehold fulfills nlumer
ois specialized herdinlg tasks over the course of the year. The labor needs for 
daily herdinlg are constant, while these other activities require additional 
workers. Households inl hamlets often exchange labor amolg themselves to 
compensate for seasonal needs. The annual Cidcaldlr of work, organli:ed pri
marily around thi produtcti\'C mad reproductive cycle of dhe herds, includes 
mating, shearing, butchering, curing, calving, I,randing, cast rat ion and sepa
ration of inale animils, and daily herding. The niost intense period Of 1dS
toral activities is during the rainy season, fromt November through March. 
During tile dry season, April through October, the herders engage in coni
plementary forms of production, such ats uber culti vation (poitat es and oca) 
inl the high valleys, weaving, aid barter with people in lowland valleys. 

Labor requirements for pastoral production vary over the course of the 
year. During the rainy season extenldC fl ilieslCad sometimes entire 
estancis work together to mate, shear, and butcher alimls. Large- and 
me"diml.-scale herders often must recruit additional labor during this period, 
especially if ftinily members are away at school, in the army, or temporarily 
working outside tile area. 

In contrast, during the dry scason most fimilies have surfeit labor, since 
few people are needed to ftlfill the minimum reluirements of daily herding. 
Women wav:l\'c Luring this time. Y'l inger w\omCn usuatilly combine wea'ing 
with herding by carrying their looms with them to paisture. The animals are 
easier to watch during tie dry season, since they are grouped more closely 
together in a hofedal than when they are scattered exteiisively over dry pas
tures in the rainy seaison. 

Ever' daily herding requires varied labor imlputs dtring differcnt seasons. 
Estatcias with large hofrdhdes frequeCntly group their ainiils together during 
the dry season so that one herder can oversee the entire herd. The herd 
moves litth, irnd remains fairly confined within tile boundaries of the 
hofedil, since tile moist pasturage is rich aL it nasall areit prt,;idcs for hours 
of gra:ing. During the rainy season each ntcle;r family separates out its own 
herd and past tires alone near its jit'hia. 

Thus each smaller herd rcqu,ires its own herder. Families ill o;ther 
cs:ncitas with small bofr'edhes but possessing extensive flat dry pasturelads 
itight practice the regime inl reverse. They pool their animals during tile 
rainy season illd divide them up in tile dry season since their bofedhles can
not stuppiort large herds. The seasonal routines vary from esttacia to estancia, 
not 0ly ill relation to an estancia ' t opgra phy, but lso according to tile 

labor available and the si:e of the herds. 
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Labor inputs for each type of specialized pastoral activity vary with herd 
size and tile nu.mber of family members available ill each hous.ehold during 
different times of the year. The amoutnt of labor required fr niti g, for 
instance, depends upoln tilzeif it" the inating colhorts. I[tiallv, mit i, about 

ten pairs t a time requires the work ofia utliitilln tf thre't+ pc pC. One mutl1l 
hold each female animal while alnoIthl'r bi1 ill le1e,, and 1 third persi'n 
directs the tiing Iwv releasling1 one I'\ t1C 1ilti( tulidthe malCs the conail and11 
ing thel to the dCsignated feinile,., )irinig the to-hour itCe pe i, (nlot
 

Ill animls mateV f*i0rthe CllllC imC) the thtee i cilrel kCp t'ivilance over
 

the proccedings make lhi kile' II0 Ui n tole
to 1tie Mvral do ll tiup 


fe.ae and dhlit fleic ;ire;idv inled succc'fulh mvllov iiiited agaiin.
tienii 

MARKET RELATIONS 

The degre i itaiket integration influences the ntuolt it \wool sold Is 

l honisehold. I lerders from Ilidliocollo and Siiciey:, f.r exalnupil, icquire 

more of their mid tlirotigl tihe uarket than hide', in Coi liti who produce 
potatoes in Pelechuco and birter thit pitve . and ctill ill tile caslern val

levs. I lerdsCI from Stiche: chined hatl a1iirltcHc ftni1v sold thrce to four 

hundred pounds of wool n r vear. Midldle hCrdCI ill lici,,Coli, repTlrted 

sinilar ainwlt, even tioih miost .Siuche: iniltals ire fed oln Irv Pastirage 

while Imoit Ilichocollo allinals i a iln h 1Ct.. Ider' iii (t.',oloo 

Sold between tne and twio hundred p iiinds per V'Cal, '\'en th iugh 1hir: herds 

rlzed in .-tlhi qLJh. and dry pisltirelnis. With tile Cxception lof poor 

herders (less thanlilty iininils) and veallihy herders (ntire, 11ha;n one thou

;ad inftluenice lthe iriotintiii 'olI sold inanimals), herd sizC did no0t lrit' 

a ycir. Twi, twotlftilies with tIllC hundred initnalilinight sell very differ
tntl quintiliC Aioftol per ycar depenldinti oi their pirtictilar cash needs. 
Sitnilirly, faunilies With 1different sie:C herds but with ctmparalv si:cd ftini
lies all t e ailiCupoint in the dititest ic c\cle 'hearabot the ae. niuimtber of 
mlinmils. or in tiice, in title cStili-iti, a herder witi three voting children 

she;rCd 32 t it' I 60 ilpacas (48 percent ), wihilc lis brither-in-law with folr 
voting childrenI heued 40 of hi., 213 arlptca, (,i nly eighteen percent ). The 
herders prefer to rtCain their itigs Om tine ,lnillils rather tIhan in the fori 
tstored \ otwl, consumer gitiLds, orl cash. 
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MAJOR TRENDS AND IMPLICATIONS 

Unlike many paior groiul,u, ,rt, if the world where wealth isin other 
measured in ninumlers tifaninmiis, ming Atldemr herders iniType Ill co m
mtnities wteth is conceivCd of il terms o1' the nulmber of laborer,, both 
familial and extrai-fmtillili, thit a hliicshld can dr;w into i network of' 
reciproca relation. 10 Labor cin it Ibe,tOr,.d, howe'cr, except in the form 
of 'roducts resulting from the eXplenditure of l lnL-m VtlerVyin the Iransflr
mation of remources. Ulla Llla herder, ppellalcrto Imakc a colcepitual disiinc
tiOn IbetweCn Ilhe'conrol over limian lIair a,,\\Cellh and the concrete 
meal, y which wealth ik lored in the firi wich irc readily con. 
yertible into labor. Tlese, products, espe,.cially Miirald areand textiles, the 
Inem, b\ which Andean herder, secure.. 1nd Ilncre';Ic their icce, to Likir. In 
other words, wealth is ,tOrcd in the form fhrd, iut the Auitnal, are 
Ihought of lmaily as rctreent imnthe numl!'er Of pcole a partictulr house
hold cm potent illy marsihd oirihe care of its herd (( :ilr 1988).1 I 

Increaising commoditi-at ion of ariculturald pal.l instoral products 
rural Bolivi; has. not had imajor imllc on reIlaions of productionIn the 
Ulla Ulla area in the \\-wi it has in other ireais of Bolivia. The herders coln
tinuic to relv prediiniimiln on fauily Ialkr,anld even when the recruil 
laborers from ouitside the fmily circle, they remunnerate these workers with 
animls md iastoril anrd agricultuird products rither lhl wilth caIsh wages. 
On the whole, tihey invest \'cry little money in the prodtuctionio their herd; 
most oftheir input., are in the foirm of local resources and fimnily labor. 

Nevertheless, the herders exchm ge relations with agricultulrai trlding 
part ners in dhe vlleys, and tle \ool intermediaries haIeIbeen undergoing 
significant chme..e, Knce the Lind reform period. The herders have tended to 
barter less ond t bl'uyand sell more. As their dependence on the mrket tor 

provisioning their households Witlh foI, clothinlg, anod schoolI supplies his 
increased, sO haMs their exploi tat ion by intermediairies and tie state, chiefly 
through aidevaluat ii l of their primary cash crop, wool. 

In the List sverid years, the decreaising price if'alp;ica fiber relative to 
the increasing deinlnd for d his d'ien mllst im le ;ililth u1sehCi ld menI
bers to pr!,pect in the surroumdign cordillera. Although they rarely leave 
their comtnuinities perimiently in their search for other sources of income, 
the men's albsence from herdin' activities on a daily basis has left women 
with the imijor h rding! burden. (:oinsequently, winien have less time for 
ither activities, especially the production ot'cloth. 12 
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CONCLUSIONS AND IMPLICATIONS 

Land Tenure: Rircelization of holdings makes carinelid pastoralism 
more difficul. But at tile smile time, increases in the sheep piopulation 
inhi bit CMmelid pastiralismIbecause ot cimpetition t'Or h'irage and i greater 
tine l;g in tile recuperation of paistures. The usual sheep-oriented solution is 
to suggest fencing as a strategy Itr pas tire r tuitiin. But rather than improv

ing pasture availability, this appromch aggravates tile trend toward parceling 

holdings and intensifying animal/pasttre raloios. Flexibility of pasture use 
among households is the key to) am effective camelid-based pastoral system in 

the Andes. 
Labor: Increasing dependence on market exchange i pastoralists and 

agr p;st iralists his increased their need for cash ald undermined their pro
duction system by fo rcing herders to seek employment outside their comnu

ni ties. This dependence places considerable stress on household labor 
reserves, resulting in poorlmanagClelent ot ;mIlmals an1d pastutres. \Vomen 

assume the major Ibuirden of the rural productiion system wvhile their Ilis-

IbMds ad Older sons aind somet ines tughters seek employment in cities, 
mines, and cimmercial agriculture. Many economic aiclivities that were 

ince integral ti the rural priductio n systenis-such ats weaving, interzonal 
barter, f od processing, and diversification of crop production-wate in 

importance to tile point tfldisappearing. ,olina has argued that these com
plementary economic activities provide the vehicle by which pastoiral con
itnities are integrated into the market without being destrtoyed by market 

relations (Nhin 19aQ8:l 1). I have ;rgued ,lsewhere that the diversity of 
productive activitie., and the complex of rights and values guiding access to 
priductive reso urces within pasttral ctimmimnities have allho wed herders to 

retain cointrol iver their labor while ictively participating in a market-driv
en ecrnlmny ((.;arli 1985). 

SUGGESTED RESEARCH 

I lmprovement of Ilnita fiber 

" Research mn the adaptability Of lp1acis tI) dry pastures 
" Herder preference , on herd si:e and comlinpsition 
I Adaptation (I indigenous technoligy oil intrLIducing genetic variability 

itltoi their hv':ds 

* 	 Testing of biologic;l innovat ions under v'aried condit ions of land tenure 
and labo, availability (f;rm muldeling) 

I 	 (:riteri;i for su cce,s should be economic and ecolo ical sustilnability and 

nit product ii in/yield, 
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ENDNOTES 
IThe discussitn in this section is based principally on one source, Birbuet 

1989, due to the lack Of good information on pastoml productimn in Boli
vian Agropastoral communities. Most authwrs who have written abo.ut 
these communities have flcused m agriculh aur prd! ion. 

2l1irltiLet comments that there isa fidmientAl cintradiction in agricultural 

prwductio)n in (auiiii'iri and (omalile: when famnilies llve toaccess 
less land, in order tto ctov'er their subsistence need, cI-,v ;ist cultivate i 
larger propoit ion ft the land Ihan pet pIe wvho have icces, to1)larger areas. 
He attributes, the fat lhat liirger lnd11OWners CullietC I .smllier propotr
tioln if their holdingls to scaircity of labiir within their huiseholds (Blirbuet 
1986:5S). Thus Lind si:e in itself is no0 itgOOd indicaitor tf eiih. The 
igropastorilists in this . ofij."PAiciijes ieaisure welth icctrding tt herd 
size, which isa fictor tof i'aiIible herdinglabor. 

3This sliortiage IMis M) Ilbt been aggiraivticd by tellpt r:i y 0ind pernia en 
Olitmigraio I'\'bvtllnlg idtih. 10 the cities. 

4 Terry West cites i number for averige herd size tftr Panipa Atlllagas" which 
is ctnsiderably higher: 40-50 ,iunts and 40-50 sleep. A rich herder is 
Stolone \h hIms 100-200 of bothl species (West 1988:192). The differ
ence in herd sizes reported by West and Mtoli na f0r the ameilt ;rc'i nol 
doubt has to) do with the effects if the eiteme droulhv omditions during 
1982-83. 

5"Es necesarit reminarcar que Li particularidad de li tenencia de li tierra de 
paswtreo comuint l y reIt.i, individual hace tie Cladai Citl1uinalrio) 0 fimiial 
capitalice Ii intensidad die uso de lit icrri tie pastret, tlo cual conduce al 
sobre pistoret y osigtuientetente,cl deterioro) de Li produccion ftora
jera y ert)siil y agotl1liientt il, ION recursos detIpr"i(dcera nitivti. ,i tIcnn
cia aLi tierra interctninitirii e, uni linlitInte estructuril, para lIa 
impletnenticiin ie tinl plan de inejo y poder aportar Li cai anilmil 
cin li capacidaid kie iue lt rginioStOitcilinItO. Sin Ciirngo, Iinllte 
:acio)n cmiiunal Cenecc'siri ildlinstrr y raegliinen\i' 1! 11ustIe las tiet
ra tie pastorc, ci itmnil bijti Li misi'i org~tnt::tcmon Col Li title se Inallejan 
las tierraS de ctilt ii " (A lz:irreci ind .1erc: 1989:9). 

6 See the allguillt bo' for Type Ill ctimmtnities where this type of lld 
tenure sslem is prilctictlv tinivers;il regiliess tOf lCgial titles. 
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7 Torrico says that Macha herders seem to control for a stable herd size based 
on tile consumption nieds of the household and the availability of forage. 
If normal processes such as slaughter, natural deaths, and ritual sacrifices 
reduce the herd below this ideal number, Macha herders repopulate their 
herd throuph purchases (Torrico 1990:70). Herders' decisions whether or 
not to migrate also detpend on tile size of their herds. Not surprisingly, 

herders with large numbers of animals do not migrate, since they can 
cover their household expenses through the sale of their animals and 
derived products. -loiseholds with small herds, however, seek temporary 

employment in cities. Upon returning to their community, their major 
investment is in sheep and llamas (Torrico 1990:66). 

8 "The reproduction of the herd depends on WoMen's llamas, and zheir labor, 

or love, for their animals which is though to be the main factor affecting 
the fertility and procreation of the herd. For this reason, they are granted 
high status within herding societies" (Torrico 1990:64). Torrico also 
mentions that important men within Machi herding conmunities are 
known as awatiris, or herders, an occupational category that is over

whelmingly female. She cites this term as evidence that although women 
do not ha'Ve as public a role in politics as men do, wVomen's occupations 

prov!de the political symbolism for power. 

9 The ideal level of herd viability has an interesting parallel in ideal con

sumption levels. When asked how many animals a family consumes per 
year, people in Ulla Ulla invariably answered about one per month. A 
survey of eight households revealed that actual consumption varied 
between 8-20 animals annually. Variation depended less on herd size 
than on what stage the ho0usehold was at in the development of the 
domestic cycle. Families with young children consumed the lesser 
amount. Thus it appears that the ideal of a 50-animal herd, which pro
duces about 10 new offspring per year, correlates with the number neces
sary to maintain a stable herd if the consumption level varies between 
8-12 animal per year. 

1 0 Standard anthnpoloical treatments of wealth in pastoral societies focus 
almost exclusively 0n the size of herds; nevertheless, recent unpublished 
research suggests that certain East African pastoralists also emphasize 
access to labor as an important determinant of econolic status (Barbara 
Grandin and Angelique HaLgerud, personal communication). Approach
ing the study of pastoral groups with a focus on accumulation from the 
vantage point of labor-use patterns, rather than animals, might reveal 

intriguing comparisons about how pastoral groups have responde to mar
ket penetration of their relations of productions. 
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11This is one of the main reasons Andean herders have not responded 
favorably to researchers' and developers' suggestions to reduce the num
ber of animals in their herds in order to improve animal nutrition, meat, 
and wool quality. Herders prefer to have more skinnier animals which are 
both a hedge against risks to the herd (greater numbers allow for faster 
recuperation of the herd after a drought or epidemic) and allow them to 
cal on more laborers - the true measure of wealth in Andean terms. 

12A notable change in women's clothing took place between 1982 and 
1989 when I returned to Ulla Ulla after many years' absence. Women no 
longer wove and wore the brightly colored textiles for which they are 
renowned. When asked why they had changed their form of dress, they 
responded that they no longer had time to weave. 
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Changes inHighland 
Land Use Patterns and Implications for 
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A-00-9083-00, at Clark University, the Institute for Development Anthropology, 
and VirginiaPolytechnic Institute and State University, funded by the U.S. Agen
cy for InternationalDevelopment, Bureau for Science and Technology, Office of 
Rural and Institutional Development, Division of Rural and Regional Develop
ment. The views and interpretationsin this publicationare those of the authors and 
should not be attributed to the Agency for InternationalDevelopment or to any 
individualactingon its behalf.] 

INTRODUCTION 

Agricultural researchers have long been noted for their insensitivity to 
the subtleties of local production systems that are not based on knowledge 
generated in an experiment station setting. The horror stories of promising 
new technologies and techniques of production that proved to have disas
trous results when subjected to the real world consrtaints faced by farMiers, 
particularly less well endowed ."armers in poor countries, are by now legend. 
Altieri and Yrrjevic (1989:17) summarize the problem confronting agricul
tural researc!, as follows: 

Among the lessons to be learned from decades of . rural develop
ment efforts in Latin America, two stand out. One is that no single 
discipline or methodological approach can adequately address the 
range of biological, cultural, and socioeconomic processes that sur
round rural development. The other is that the great majority of tech
nological innovations in agriculture have bypassed the campesino 
sector, which is mostly confined to marginal soils, hillsides, and rain
fed areas. Despite the intentions of deveopnient programs and mostly 
because of institutional and political-economic biases, resource-poor 

Changesinhighland land use patterns and implications for agropastoral development 93 



campesinos are increasingly subjected to subdivision of landholdings. 
This process, associated with environmental degradation, leads to a 
progressive decline in the significance of peasant agriculture in region
al markets. Curbing this systematic impoverishment is crucial if fur
ther loss of food self-sufficiency and further soil erosion, deforestation, 
and dependency are to be avoided in Latin America. 

Farming Systems Research (FSR) and its intellectual offspring have 
been an effort to deal wvith the methodoloLgical issue of disciplinary bound
aries not corresnonding tWthe sorts of problems confronting farmer." in Latin 
America and elsewhere. Character:ed by a1n effort to contextualize farm 
families in their soci;. and economic environment-a foCuS Onl the produc
tion goals of frmn families and tie constraints on meeting those goals anJ 
emphasis on the iioterrelationships between the different components of 
family famling systems (e.g., livestock and crops)-FSR pointed the way to 
how we can direct agricultural research to solving the kinds of on-farm prob
lems confronting poor rural families. I 

A second current of efforts to deal with the inability of agricultural 
research has been housed within the agrLccology and sustainable develop
ment movement (e.g., Allen and Van DLusen, eds. 1988).2 It focuses on the 
knowledge and technliques embodied in traditional agricultural production 
systems and seeks to build agricultural development efforts from the bottom 
tip" by promoting technologies and practices thai derive from what farmers 
already know and depend On resources they already have. Agroecology in its 
various forms is an approach particullrly identified with non-governmental 
organi:ations (NGOs).3 Several characteristics make it particularly compati
ble with the discourse of many NGOs, including the following: I ) emphasis 
on the reproduction of the household; 2) emphasis on low-input and regen
erative agricultural techniques that require a high level of local participa
tion; 3) cuitural compatibility, which results fron beginning with traditional 
farming knowledge and combining it with scected elements of modern 
technology; 4) the goal of enabling peasant production to produce itself 
more efficiently rather than attempting to.transform peasant production; 
and 5) emphasis on reducing the costs of production (Altieri and Yurjevic 
1989:17-18). 

Applied agricultural research kIundoubtcily much better today for the 
contributions of FSR ano agroeco ogy, and reseach projects seeking to work 
with local production systems can learn much from both. Indeed, it would 
be irresponsible to attempt t; undertake reseawch with poor farmers and fail 
to draw on the lessons that each experience has to offer. At the same time, 
both approaches have methodological limitations thit should be cause for 
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reflection at the outset of a new research effort. FSR, for example, has had 
difficulty defining the spatial and conceptual boundaries of its object of 
study (Little 1985).4 In some cases, aspects of the physical environment 
draw the boundary around a study area (e.g., University of Chiang Mai 
1980), while in others the defining criterion is the homogeneity cropping 
systems (e.g., Hildebrand 1977:8). Norman et al. (1982:108) comment on 
the problem, noting that the analysis of household-level issues is often com
plicated by the ways in which exogenouIs variables impinge on them. Little 

1985:332) sLuMs up the problem as follows: 
The Understanding of interrelationships between components of 

the system - however defined - is integral to the FSR approach. 
But, analysis of systemic relaionships usually is limited to different 
dimensions of the farm itself. 

For their part, agroecological approaches react to some 'ery serious 
problems associated With much agricultural research and development. 
These difficulties include the vulnerability of production systems based on 
high levels of chemical inputs, the negative health consequences of the con
tamination of rural water supplies by agricultural runo ff, and the cycle of 
indebtedness, impmerishment and loss of land that many rural dwellers 
caught in agricultural nmodernization schemes have experienced. However, 
the agroecological response to these issues also offers major pitfalls to the 
unwary. For example, the emphasis on working with household production 
systems and the reproduction of rural households can lead to problems of 
boundary definition similar to those experienced by FSR. 

More importantly, however, agroecological approaches also share with 
FSR a tendency to be ahistorical. They emphasize tapping farmer knowledge 
to recover traditional production techniques, but they do not necessarily 
analyze the processes that led to those techniques being lost. People do not 
simply forget or abandon production techniques; they lose them because 
they and their production systems are subjected to a series of pressures that 
render the techniques untenable. Studies of agrarian change in the Andes 
tell us that they rarely lost without a struggle by those losing them. To adapt 
traditional techniques successfully to modern production systems it is neces
sary to understand clearly the historical processes that led to their loss in the 
first place and to overcome them. Depending on the particular circum
stance, this adaptation will normally involve sole combination of technical 
innovation, community organization, and policy reform. 

Similarly, while it is well to examine existing production systems as a 
starting point of applied research, it is well to remember that they are fre
quently but vestiges of production systems that have been under assault for 

Changes inhighland land use patterns and implications foragropastoral development 95 



long periods of time. For example, Deere and Wasserstram (1980) suggest 
that most rural smallholders in the Andes earn more than half their income 
off the farm. For upland families with less than five hectares of land. the fig
ure appears to range between 60 and 90 percent in different areas of the 
Andean region. This off-farn earning has meant that labor scalcity for most 
smallholders has ceased to he a largely seasonal phenomenon associated with 
periods of peak agricultural activity like planting and harvesting, instead it 
has become a chronic condition, obliging rural families to sacrifice medium
and long-term resource management strategies in order to satisfy immediate 
survival needs (Collins 1987). The resulting cycle of impoverishment and 
environmental destruction often weighs particularly heavily on women and 
small children, who, because of the hiring preferences of wage labor markets, 
are frequently those who must remain behind and manage family farms dur
ing the prolonged absences of most adult males. In addition, the absence of 
much of the population for substantial part of the year often has disastrous 
effects on community and syndical organization (e.g., Gisbert et al. 1991). 

In such a context, development projects that equate local participation 
with a high contribution of labor by beneficiaries must consider very careful
ly their assumptions about the -i:K'opriateness of the demands they are mak
ing on a rural population, and on how such activities really do fit with their 
idea of traditional production sy.Stems. Similarly, despite the long tradition 
of strong community or syndical organization in many areas of the Andes, 
and their continuing formal existence, institution building to consolidate 
and sustain improvements in agricultural production may require consider
ably more thought and effort than originally appears necessary. Fithermore, 
focusing on how farm families cim reproduce existing production systems 
without considering their transformation over time may perpetuate the 
problems that many face, even when innovations in agricultural production 
offer short-term improverients in the material conditions of life. 

This paper offers two case studies, one from the Peruvian altiplano and 
the other from the high valleys of central Bolivia, to illustrate the kinds of 
processes that can change rural production systems. Both areas are charac
terized by prodLction systems in which crops and livestock each play an 
important role. The livestock component of the altiplano system revolves 
around cattle, sheep, and cainelids, while livestock production in the high 
valleys is based primarily on cattle and goats. Each case study illustrates the 
interrelationships that exist between local production systems and factors 
that are typically discussed, but not carefully considered, as exogenous vari
able . By looking at the two cases together, we see how different local situa
tions may be linked by larger ,ocial and historical processes. 
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THE PERUVIAN ALTIPLANO 5 

HISTORICAL BACKGROUND 

At the turn of the century, one would have noted tile first signs of the 
economic growth that was to shape tile course of change ill southern Peru in 
the coming decades. The railroad linking tile city of Punto to the coastal port 
of Mollendo via Arequipa had been completed 26 years previously, in 1876, 
opening the area up to an unprecedented flow of imported manufactured 
goods. With the joining of tile PUnto rail terminus with that of BOlivia, in 
Guaquli, by a steamship connection across Lake Titicaca, the departmental 
capital had become an important collection point for agricultural exports 
from the Peruvian and Bolivian areas of the Lake Titicaca basin. The rail 
connection linking P1mno and Juliaca to the major bulking center for the 
wool export industry, Sicuani, had ben completed just three years before. 

The changes in the transport network made themselves felt in both the 
urban and mural areas of the region. Puno's position as the departmental cap
ital was enhanced by rapid popmlation growth. In 1876, Puno's population 
was 2,729 people, only 166 more than the second city in tile department at 
that time, Ayaviri. By the turn of the century, Puno was growing iteadily, so 
that by 1940, with a population of 13,786, it was over twice as large as the 
new second city of the department, Juliaca. Juliaca, in 1876, had not even 
ranked among the do:en largest towns of tile department, with a populat ion 
of 516. However, it contained over 3000 people by 1919, and, by 1940, it 
had supplanted Ayaviri as the second-largest town in the department, with 
6,034 inhabitants. 

In the rural areas of the department, counpetition for grazing land 
between peasant communities and large estates intensified (Orlove 1978). 
This competition partially was manifested itself in the growth of the number 
of estates in tile altiplano from 696 in 1876 to 3,375 in 1915 (Appleby 
1978:43). In spite of this expansion, independent peasant ctmmunities 
remained strong in Puno, both as wool producers and in agricultural areas. 
The combination of generally increasing wool prices and urban demand for 
food raised incomes in the countryside, allowing tile rural population to 
begin to constitute a market for a growing range of manufactured goods. 
This growth provided tile basis for a strong regional commercial activity, 
with the lacustrine ports serving as important centers. Items such as import
ed Scotch whiskey were reported to be in more plentiful supply in towns 
around Lake Titicaca than in many major cities. 

The collapse of international \vool prices following World War I ,'ccel
crated processes of economic differentiation and intensified land conflicts in 
herding areas. Estates sought to counter falling prices by increasing produc
tion so that gross revenues might remain relatively stable, even as per-unit 
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earnings dropped. They expelled resident pleasants, who had their own herds 
of animals and grazing rights on tile estates, and attempted to expand onto 
tile lands of peasant communities (Orlove 1977). The displacement of estate 
peasants and the search for ways to make up,for re'enue shortfills by peas
ants in independent communities accelerated the process of urbanization 
that was already taking place. As rural dwellers moved to the towns in 
search of employment, the ai lread' growing urban demand for food 
increased, initiating fundamental chamges in the social relations surrounding 
the marketing of agricultural products lildintelsifying competition in the 
countryside for access to the best agricultural land (Appleby 1980:4 3-44). 

Renewed efhorts to displace peeasants in the herding areas and height
ened competition over land in agricultural areas interacted with changes at 
the level of peasant productiOl itself and led to violence in many areas of 
the region by the 19 20s. By 1923, the peasantry of the Lake Titicaca Basin 
had established linkage, with several institutions and interest groups outside 
of the region who were sympathetic to their situation and willing to be sup
portive to some extent of their struggle against the regional elites. One of 
the institutions that built strong ties to the peasantry was the Seventh Day 
Adventist Church, which had undertaken missionary activity in the region 
arotund 1912. The Adventists combined preiching the gospel with heavy 
emphasis 01 thevlue Of education and the importance , f economic self
improvement. As a result, they were violently repressed by tIle regional 
elites and warmly welcomed by the peasantry. 

The peasants of the Lake Titicaca Basin also established ties witl, ti-e 
Tawantinsuyo Society, a Lima-based organization of" intellectuals, students, 
and political activists. intluenced by the writings of Castro Po:o, Ilaya de la 
Torre, and Mariitegui, the orglani:ation wits dedicated to improving the mate
rial conditions of Peru's Native American population, as part t' i general 
strategy to organi:e the peasantr and forge an alliance between it lnd orga
ni:ed labor isa basis for political action (see Chevalier 1970; lazen 1974). 

The national government also appeared to favor the interests of the 
peasants over those of the regional elites. Through the early 20th century, 
the state was in the hands of the plantation elite of the northern coast. 
With their interests tied to a healthy export econiomy, tile north coast 
planters Sought to cement ties with the markets tor sugar in industlialized 
countries by developing Peru its a market for the iminufactured goods that 
these developed countries had to sell. The high labor demands of sugar cane 
production also predisposed the coastal planters to have an interest in 
increasing peasants' freedol to move about the country itnd sell their labor 
power on their own behalf, rather than having to work through members of 
the highland elite acting as brokers. As part of this effort, President LegLufa, 
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for example, would ally the national governncnt wich interests attempting 
to undernine the authority of regional oligaich, able to oppose him (e.g., 
Taylor n.d.). 

Uprisings of peasants in the early 19 20s around issues relatedi to access 
to schools and markets were repressed almost as quickly :is they began by the 
regional elites with the assistance of the Peruvian army. While President 
Legufa wa.; wiing to support the peasantry in undermining the authority uf 
the elites with respect to the national government, he was not willing to let 
peasants assune power in their own right. Afterward, the elites conducted 
a series of violnt reprisals against comniunities and individuals w\'ho had 

participated in the uprising. 
The decades that ftlowed witnessed frequent violence between region

al elites and peasants. Clhanges in tile position of southern Pert, in tile inter
national economy continued to threaten the dominanc:e of the elites and 
provide opportunities for some pe.asants to move into new aieas of economic 
activity, providing the basis for a new entrepreneurial class. One important 
factor was cont inti ing instabiIlity in international wool prices following 
World War 1. In an effort to protect profits, the wool export houses entered 
directly into wool production. Tile\- bought out miany estate owners Unable 
or unwilling to continue pr-tducing ill the newly uInfLIvoral,le situation; those 
estates not sold suffered, since this action exacerbated their difficulties in 
finding a market for their wool (Appleby 1978:50-51 ). 

Changes in the regional transportation netwoi'k also unsettled regional 
social relations, as truck transport began t() replace steamships around Lake 
Titicaca and began to compete with the railroad for passengers along some 
sections of its route. By tile early 19 40s, regularly scheduled steamship ser
vice to most of the ports on Lake Titicaca had ceased, with only the link 
between Puio and the Bolivian rail terminus of Guaqui remaining. While 
the possibilities for investment in tile railroad and steamship transport had 
been limited, it was relatively easy to acquire a truck and compete for pas
sengers and cargo, and, in fact, large numbers of people who were not mem
bers of the regional elite did so. Besides broadening participation in 
transport and narketing, the expansion of truck transport caused some 
towns strategically located along roads to grow, while some lacustrine ports 
suffered from economic decline. 

Instability in tile \wo)ol econoiy was a major contributor to continuing 
urban population growth. as increasing numbers of rural people sought 
employment opportunities or, failing that, joined the ranks of tile petty 
traders purveying inanufactured goods ill the countryside and bulking small 
amounts of rural produce. The growing aggregate demand for food, CoIll
bined with the increasing competition among. the ever-nmore-nu,merous 

Changesinhighland land use patterns and implications for agropastoral development 99 



urban-based merchants for access to food, eased the establishment of new 
rural markets, improving rural-urban terms of trade on behalf of the peas
ants. This situation sharpened competition for agricultural land; thus 
wealthy peasants bou0ght out Poorer neighbors, heightening iiequalities in 
access to land, particularly in the best agricultural areas. 

Because of continuing repression and violent reprisals against the peas
'mrtry by the elites, -iod the growing number of families who did not own 
enough land to support themselves, seasonal and long-term migration out of 
the region grew in importance. Wage labor on the coast, in the emerging 
commercial agricultural enterprises and the maritime fishing industry, 
became more important. In 1937, fifty people from the district of Conima 
established a settlement near what had been the Spanish gold mining town 
of San Juan del Oro, in the Tambopata Valley, on the eastern Andean 
slopes, some 1300 meters above .-ea ievel. 

The migrants established coffee production in the region, an undertak
ing that was successful enough to attract the attention Of the national gv
erinent in the mid-1940s. The government established an Indian 
Migration Office in 1944 and, in 1946, decreed a process whereby migrants 
could claim formal title to the lands they had possessed. It also provided sup
plies to permit the completion of a road constructed with voluntary contri
butions of peasant labor to the provincial capital of Sandia, in 1945. Bek.ause 
of improved access to the area and a more secure tenure situation for 
migrants claiming land, the rate of migrarion to the Tambopata Valley 
increased sharply in the mid-1 9 40s. It continued to increase into the early 
1980s before beginning to show signs of slowing. 

These changes caused the situation in southern Pert at mid-century to 
be highly conflictive (Bourricaud 1967:148-155). The elite classes demand
ed displays of ritual servitude frota the peasantry whenever they could 
enforce it (e.g., Tschopik 1951:159). At the same time, While Observers were 
unclear 1bout the origins of this "caste-structured" (ibid.) social system or 
the reascns for its intensity, the signs of its dissolution were unmistakable. 
Bourricaud (1967) observed changes in Puno between visits to the area in 
1952 and 1958. He noted in particular the peasantry's increased 
entrepreneurial activity and participation in \\,age labor and discussed the 
phenomenon in terms of the emergence of a new social class, vith its roots 
in but distinct from the traditional peasant society of the region (pp.24-25, 
221-227). Based on observations made during the 1940s (Kuczynski-Godard 
1945) and in the early 1960s (Martfnez 1969), researchers felt that the sea
sonal migration between the altiplano and the Tambopata Valley other 
regions was becoming a permanent population movement, which was sytnp
tomatic of the increasing landlessness of the highland peasantry. The con
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tinuing establishment of rural marketplaces and tile emergence of an inte
grated regional market system in response to growing urban fiod denmand 
meant improved conditions of sale for farmers and increasingly efficient pur
veyance of manufactUred gOods in rural areas (Appleby 1976). 

Indeed, there was considerable evidence to stuggCst that southern Peru 
was Undergoing a transformation of relations of production in agriculture. 
The rural population was becoming increasingly polariZed into a class of cap
italist landowners and rural proletarians. The landowners were clearly divid
ed into two groups. On tle one hand were thc. proprietors of the herding 
enterprises, whose interests were directly tied to tile condition of tile inter
national wool market and who w\'ere experiencing an intense lind consolida
tion process as the instability of that market for:ed the weaker enterprises 
out Of butsiness. On tile other w%,ere agriculturalists, whose interests were tied 
to the growing urban demand for food within the region. The proletariat was 
divided into those who were hired as w\'age laborers on the agricultural and 
herding enterprises ant those who were being forced to -. k work outside 
the area as wage laborers or coffee producers. The region was also home to i 
growing group of mer'chant;, who w\'ere predominantly urb1an-based and 
involved in the gathering of wool and foodstufLfs from the countryside and 
the purv'eyance of manufactured goods imported into the region through the 
major Urban centers. The merchants were internally class-stratified accord
ing to three closely interrelated factors: access to transportation facilitates, 
the quantities and types of goods they handled, and the physical locationt of 
their base in the regional urban hierarchy. 

ECONOMIC CRISIS AND TRADITIONAL 

PRODUCTION SYSTEMS 

However, several factors w%'ere combining to abort this transformation, 
and these would ultimately recreate a peasant economy in sou~thern Peru. 
This reconstituted peasant economy would bear little relation to the peasant 
economy that existed in the region before the onset of the changes described 
above. Yet, it would be characterized by production relations that are not 
traditionally associated with capitalism and by community-based institutions 
operating Under an ideology of reciprocity and redistribution. 

The major factor underlying the recreation of peasant economy in 
sotithern Peru Was national agricultural policy, which through the course of 
the 20th Century became increasingly oriented toward using agriculture to 
promote rapid industria' " ent. Since before the turn of tile century, 
the country had purs, .;ral policy that promoted the production 
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of industrial export crops. The state also sought to promote rapid industrial 
development, again with a heavy export orientation. However, until the 
middle of the century, the weakness of the State, precluded systematic pur
suit of this development model in the highlands. 

With the establishment of the Ministry of Agriculture in 1943, agricul
tural policy was focuscd in two major directions: I ) the maintenance of low 
food prices for urban consumers, as part of an effort to keep Peru's labor 
force cheap and attractive to potential foreign investors, and 2) the promo
tion Of' continued development of export agriculture (Alvare: 1980, 1983; 
Caballero 1981, 1984; Painter 1983). The maintenance of loW food prices 
was attempted through various measures, including a growing reliance on 
the subsidi:ed importation and sale of wheat and wheat products and milk 
solids, and retail price controls. The state also allowed a market structure to 
develop that was oligopsonistic in relation to farmers and oligopolistic in 
relation to consumers (EsculiCs Larrabure et al. 1977; Figueroa 1979). The 
market structure exacerbated the effects fstate policies in depressing pro
ducer prices and did not pass low prices paid producers on to consuLmers. 
S.mallholdinl,( farmers throtighout the country responded lv allowing agricul
tural production to decl inc and placing greater emphasis on off-firm iactivi
ties to earn an income. As domcstic food prOdhlctiOln declined, the state 
placed cven greater emphasis on food imports, making conditions even more 
unfaxorable for domestic production. 

Unassisted, this dyna would have proven dis-,,;trous for the emerging 
processes of growth and accunmtlation. The impact on southern Peru, how
ever, wos accelerated by other events. Principal among these was the 
drought of 1956-58, which was reported to have destroyed 80 percent of the 
crops and 30 percent of the livestock in tile region in the first year alone 
(Dew 1969:89).8 Occurring over three agricult:ral cycles, tile drought 
caused rural families to exhaust their stored supplies of' fiod and seed, and 
massive numbers of people left their homes in the countryside. 

Many went to the regional urban centers in search of' work, and, from 
there, many who did not find it went to Areoluipa and Lima. Schaedel 
(1967:109), oiarexample, estimates that in 1958 alone, over 27,000 people 
left Puno and migrated to the cities of Arequipa, Cu:co, Lima, Tacna, and 
Moquegua. Competition f-or jobs in the mines and ont the comlmercial agri
cultural enterprises of the coast intensified greatly. Migration to the Tam
bopata Valey to cIa im land and begin coffee production also increased 
sharply (Collins 1984:425-427). 

The impact of the drought on the region was exacerbated by a drop in 
international wool prices after the Korean War (Appleby 1978:67,79,91). 
This drop proved fatal to many of the enterprises that had survived the pre
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vious decline in prices and market instability and contributed to the migra
tion of rural dwellers into the cities. 

The tapid expansion of die regional urban population because of these 
circumstances increased the demand for food at the time that localsame 
production was effectively eliminated by the dirought. This demand was met 
to a large degree by the inmported foodstuffs that iad already bieCome staples 
in the diet of the urban working class. Once they had been displaced from 
the regional markets, the economic conditions created by national agricul
tural policy prevented regional agricultr, from regaining its former position 
as a major supplier of foIodstuff's in southern Peru. Between growing cash 
requirements and the difficulties in earning a living through agriculture, 
peasants continued to turn away from fitmning as a source of cash inrevenue 
favor of off-farm activities. However, the revenues offered by wage labor, 
coffee production, and pett, trade, which were the major off-farm activities, 
were sufficiently low to require continuing food prcduction by farm families 
to subsidize their off-farm work (Painter 1986). 9 

Ironically, major aspects of the massive relicf and development effort 
undertaken in southern Peru in response to the drought, which were intend
ed to reestablish regional agricultural production, accelerated the recreation 
of the peasant economy that was underway. For example, de\,elopnment 
efforts such as the Puno-Talbopata Project sought to provide families With 
an alternative to migration to the cities but instead simply accelerated 
migration to the petty commodity production regime that \\as developing 
around coffee cultivation. As a result, it broadened participation in a pattern 
of seasonal migration between the highland and \alley areas that arises from 
people not being able to cover consumption requirements in either place, 
and which stresses family labor resources in such as way as to promote envi
ronnmentally destructive production practices in both areas. Similarly, the 
influx of imported foodstuffs through the retail market system, disaster relief 
activities, and rural development project,) using a food-for-work approach 
purveyed vast quantitics of food into all areas of the region at prices that did 
not reflect production and transport costs. Although responding to the need 
to supply the region with food during the period when there was little local 
production, these foodstulffs facilitated the replacement of" local production 
in the markets of the region, and their continued purveyance as part of 
development activities after the drought had ended was an additional obsta
cle to reestablishing the position of local production in the markets. 

Tile urban population of the region soared in the wake of the drought 
and the subsequent relief and development efforts. In the case of Juliaca, for 
example, the population increased from 6,034 in 1940 to 9,248 by 1950. By 
1960, the city was home to 20,403 inhabitants (Torres Juarez 1962), and in 

Changes inhighland land use patterns and implications for agropastoral development 103 



1972 tile population was 38,475. The city of Puno increased from 13,786 
people in 1940 to 44,166 in 1972. The distribution of the urban population 
also changed substantially, with Puno and J tiliaca increa.sing their primacy 
over other urban centers in tile region. In 1940, tWo out 01 five urban 
dwellers lived in one of these two cities; by the early 1970s, almost half did. 
In addition, this urban growth occurred in a period during which the depart
ment of Puno as a whole lost population. The Plan Regional de l)esarrollo 
del SUr del Peru (PRSDP) estimated the department of Puno's population to 
be 812,000 people in 1958, while the populatILon recorded by tile I972 cen
sus was 779,594 (Appleby 1978:148). 

The rate of growth of rural markets also increased sharply after 1960 
(Appleby 1978:188). This increase reflected the intensified competition 
among petty merchants to gather foodstuffs froim the countryside and to pur
vev manufIactured goods as their ranks were swelled by the large numbers of 
migrants to the cities unable to find formal employment. Here, too, howev
er, opportunities were limited. In Juliaca in the mid-1 9 70s, for example, 9.5 
percent of the businesses controlled over 60 percent of legal sales, then esti
mated to anount to approximately $500,000 per month. At the same time, 
22 percent of the businesses in the city controlled 67 percent of the total 
working capitid (VelisqueZ RodIfguez 1978:50,76-77). In these circum
stances, the only option for migrants-cum-petty merchants was to try to 
compete with others in the same situatio)n in the countryside. This strategy 
involved not calculating a value on their own labor power in the transport 
of goods, and, as in the case of w\%age laborers and coffee growers, a continu
ing reliance upOll imlilial agricultural production to subsidize their partici
pation in petty trade and transport. The ability of petty merchants not to 
attach a cost for their labor power enabled larger areas to be incorporated 
into the urban hinterlands, leading to the establishment of the additional 
rural markets. 

The agrarian reform undertaken between 1969 and 1975 by the 
reformist military government of General Juan Velasco Alvarado marked 
another phase ii- the recreation of the regional peasant economy. The large 
livestock estates were expropriated and reorganized into state cooperatives10 
worked by the peasants residing on them. The stare also encouraged inde
pendent peasant COulllnlnities to seek recognition as corporate landholding 
units to protect their access to land and receive support from the state in 
improving agricultural product ion and revenues. The reform removed the 
last vestiges of the landlord class from the countryside; however, it did not 
provide the means for the rural institutions it created or supported to acci
mulate capital. Patterns of state investment continued as they had before 
the reform, placing priority on the rapid industriali:ation of coastal urban 
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centers and developing new agricultural areas through tile irrigation of the 
coastal desert. Thus, the coastal departments of Lima-Callao, Arequ ipa, 
Piura, and Ancash received 55 percent of all public investment under the 
Velasco government (Wilson and Wise 1986). The state also continued its 
commitment to keep urban food prices di\ll,and it increased its reliance on 
subsidiZing f0od imports to do so. The Velasco government also relied heavi
ly upon retail price controls. Furthermore, conditions on the international 
wool market did not improve. As a result, neither the peasant communities 
nor the cooperative enterprises in the southern highlands were able to 
become competitive with enterprises producing similar goods on the coast or 
outside Peru (Rcnique 1987). 

Thus, by the late 1970s and early 1980s, the highlands of much of 
southern PeruI had become a labor reserve. Agricultural products had been 
replaced by labor power as the principal export of the rural communities of 
tile region (Figucroa 1982, 1984). On the nortl side of Lake Titicaca, for 
example, most of"the rural pophI lation derived its cash income from off-farm 
activity in one of these areas. Only negligible quantities of food were sent to 
the urban centers of the region. The role of local markets was to redistribute 
products llong producers of different prodlK tnoll zones. [lowever, agricul
ture renmlined central to the regional economy becaurse the cost of replacing 
tile food they grow with comparible foodsttuf s purchased on the retail mar
ket wtould by far exceed the cash earnings of most peasants (Painter 1986). 

THE UPLAND VALLEYS OF CENTRAL BOLIVIA 

HISTORiCAI. BACKGROUND 

Economic stagnation of the agricultural economy of Cochabamlba's 

upland valleys was a development problem that dated from the colonial 
period of Bolivian history and periodically became a source of crisis. As tile 
colonial ecollonly evolved, tile role of tile agricultural areas was to supply 
mining and administrative centers. with f d and fiber. Smallholding farmers 
frequently undercut large estates in this enterprise, because they did not 
attach a value to their labor power and could sell their produce at prices the 
large estates could not match if they were to be profitable. In fact, large 
estates could only count on making money in drought years, when slall
holders were obliged to consume most of what they grew and had little left 
to sell. Because their l1ndholdin.,s were small and located in the least favor
able areas for agriculture, however, many smallholders could not support 
themselves through farming, despite dominating the markets for agricultural 

products in most years. As a result, smallholding farmers became heavily 
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dependent on off-farm sources of income early in Bolivian history. This was 
an important stimulus to the growth of craft industries during the 18th cen
tury in many areas of Cochabamba, including textiles, pottery, and gunpow
der in the Valle Alto, located to the southeast of the city of Cochabamba, 
and charango production fiu'ther south in Aiquile, capital of Cochabamaba's 
Campero province. Similarly, by the end of the 18th Century, smallholders 
dominated the production and sale of bread in the city of Cochabamba, 
undercutting and eventually eliminating the established baker's guild (Lar
son 1988:202-205). 

This social context effectively discouraged investment in agriculture 
and resulted in continuing deterioration in the terms of trak betveen the 
agricultural and mining sectors of the economy. For laro- !,.ndowners, their 
estates were largely collateral for investment in other economic activities. 
For example, owning a large estate provided the security that permitted a 
farmer in 18th-Century Cochabamba to become involved in "tithe farming." 
Under this practice farmers bid on a commission from the Catholic Church 
to collect tithes, in the form of grain, with their bids reflecting expectations 
about grain prices in the coming year. They would then collect the grain in 
the name of the Church and try to sell it when prices were high, with the 
difference between their bid for the commission and the actual price of the 
grain representing their profit or loss (Larson 1988:227-231). For smallhold
ers, revenues not immediately cotIsumed were invested in off-farm activities. 

The lack of economic opportunity in the rural economy was a source of 
worry to government officials by the late 18th Century. Intendent Francisco 
Viedma proposed constructing a road linking the city of Cochabamba with 
the Chapare and promoting coca cultivation there as a way of infising new 
life into the morib'inJ regional economy. Although it was not built because 
of opposition from other regional interests, exploitation of the tropical low
lands as a way to stimulate upland economic growth was an idea that antici
pated modern development strategies by 200 years (Larson 1988:253-258). 

Unfavorable terms of trade between the agricultural inl mining sectors 
of the economy was a longstanding problem which was exacerbated by ::cv
eral events during the 20th Century. I With the completion of the railroad 
link between Cochabainba and Oruro, linking the region with ports on the 
Pacific coast, centers of craft production could no longer compete with man
ufactured imports, and many members of freeholding communities had to 
seek employment in the mines. Large estatcs contracted labor on behalf of 
the mines, frequently obliging part of their resident peasant population to 
work there. The relationship with the mines was strongly influenced by 
international ore prices. During periods of high prices, the agricultural areas 
of central Bolivia exported large numbers of people to the mining centers 
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and then reabsorbed many of them when ore prices declined (Dandier 1984; 
Harris and Alb6 1984:36-54). 

Tile problems faced by the agricultural areas deepened with the agrarian 
reform implemented by the Movimiento Nacionalist- Revolucionario 
(MNR) government, which took power in 1952 in a national revolution 
that wrested control of the tin mi,"-ng industry from a small, entrenched 

elite and placed it into the hands o0dhe state. In return for the support of 
Bolivia's peasantry, the MNR enacted the agrarian reform in1953, which 
substantially redistributed land in the counr 'stUpland areas and released 
peasants from the political domination of the large estates. -lowcver, the 
agrarian reform did not redistribute land in the eastern portions of tile coun
try, promoting instead the development of commercial and largely export 
agriculture through the modernization of the large estates. 1 Simi larly, the 
agrarian reform did nothing to improve the productivity of peasant Labor. As 
a result, even though more rural people had land, the conditions for earning 
a living on that land were less favorable than before. Economic development 
policy focused on expanding tile export enclave in Santa Cruz and on 
investing in modernizing the mining industry to make it nore competit;ve 
internationa'ly (e.g., (311 1987; Gordon 1977; Heath 1969). The net result 
for rural snllholders in areos such as Cochabanba, however, was to recre
ate the unfavomable terms of trade that had characterized their relationship 
with the mining industry with a new sector of the cconomy. 

While the agrarian reform did not solve, and probably contributed to, 
the increasing difficulties that smallholders faced in earning a living on their 
farms, it did allow large numbers of rural dwellers who had previously been 
restricted in their movements by patron-client ties with landlords to go 
where they wished to seek emlployment. Large numbers of people migrated 
to Bolivia's cities, dramatically swelling the urban population in a major 
migratory movement that continues into tile present (Prez 1991). Rural 
families from the upland valleys of central Bolivia also made their presence 
felt as construction workers and domestic servants in Bueno; Aires (Bakin 
and Dandler 1986), agricultuRIal laborers in northern Argentina (Whiteford 
1981), the Azapa Valley of northern Chile, and Santa Cruz department of 
Bolivia (Gill 1987; Riviere d'Arc 1980; Stearnan 1976), and as settlers in 
the colonization areas of northern Santa Cruz (Hess 1980; Painter et al. 
1984; Pdrez 1987; Stean'an 1985). In Santa Cruz during 1976, for example, 
the pool of migrant workers from upland Bolivia ranged between 19,000 in 
February and 96,000 in August, when agricultural iabor demands are highest 

(Riviere d'Arc 1980:158- 159). 
By the mid-1970s, before the rapid expansion of coca production, 

upwards of 90 percent of rural families in areas of central and southern 
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Bolivia earned more than half their income from off-farm sources (Riordan 
1979). In addition, from their bases in rral upland areas, families main
tained contact it) mu,ltiple migratory destinations and rapid! v changed their 
migration patterns in response to changing opportunities and risks in differ
ent areas (e.g., Bain and ')andler 1986; Carafa et ill.1987) Thus, as a series 
O natural and economic disaster: dramatically worsened the conditions of 
rural life during the 1980s and coca-leaf production rose it, response to 
increasing international demand for cocaine, the nearby Chap:,re area was 
incorporated into the migratory strategies ),',many rural families. 

Three factors caused a dramatic deterioration in tile living conditions of 
rural families during the 19 80s. A severe drought began in 198.3 and contin
tied through the 1980s in much of central and southern Bolivia, pushing thou
sands of smai L!.tlders "over tile edge" in terms of' thei. ability to earn a living 
through agriculture. Thousands of famlilies left their homes permanently as a 
result, and thousands more have either begun to migrate seasonally or have 
increased the amount of time they must spend away from home in order to 
earn tile incole needed to cover flily conIsulmption requirements. 

Drought relief efforts themselves sometimes increased the pressures on 
people to migrate. In Mi:que, for example, many farmers received o,icultUr
al credit under the Crilito Atropecuario de Emergencia (CAE) program, spon
sored by USAID/Bbivia, with participation of P.L. 480 and some 
Instituciones Crediticias Iutermediarias (ICIs). The credit program sought to 
speed the recovery of rural families aftected by the drought. Unfortunately, 
in MiZque, the drought lasted longer than the CAL program. As a result, 
farmers had to repay their loans even though they continued to realize sub
normal harvests. To repay the loans, nmmy finilies sold livestock and farm 
implements and e\'en tried to sell Or givL heir land to the financial institu
tion, efforts that were gene'ally inadequate. When USAID/Bolivia sought 
money for the credit component Of"the CRDP, it encouraged the financial 
institutions involved in the CAE program to collect outstanding loans and 
.etUrn the money to P.L. 480. Naturally, the financia institutions increased 
tie pressure on farmers, who responded by migrating to tile Chapare to earn 
.nley. Sometimes, the loan program was responsible for families who h id 

not previously migrated beginning to seek employment in tile Chapare 
(Cuba 1989). 

In 1985, a second disaster struck the poorest sectors of Bolivian society, 
as international tin prices collapsed when the Londh IMetal Exchange 
stopped trading. The rcsult of an Unfavorable shift in exCnange rates and the 
accumu1lated debts of the International Tin Council, this collapse brought
ruin to Bolivia's principal legal export industry. Between Aulgust 1985 and 
August 1986 some 27,000 mine workers lost their jobs. The Banco Centralde 
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Bolivia estimated the unemployment rate to be 20 percent by the end of 
1985, largely because of the layoff of mineworkers, and, according to the 
Central Obrera Boliviana (COB), the figure approached 30 percent by the 
end of 1986 (Crabtree et al. 1987:20). The impact of the mining collapse on 
families not directly employed by the Mining industry-but dependent upon
it-has never been measured. Many fimuilies migrated to urban areas, partic
ularly Cochabamba and La Paz, and from Cochabamba, many went to the 
Chapare when they were unable to find work in the city. 

Finally, it is important to remember that these events took place in the 
context of general financial collapse. The collapse was closely related to 
Bolivia's inability to continue to,make payments on its substantial foreign
debt, most of which was incurred during the 1970s, under the Ban:er regime.
In addition, in 1983, the Siles government embarked on an ill-conceived 
attempt to unlink the exchange rate of :he Bolivian peso from the U.S. dol
lar. The effects of this desdolarizaci6n on the already weakened Bolivian 
economy were disastrous; the annual inflation rate exceeded 14,000 percent 
at its peak in 1984. Even middle-class salaries evaporated, and only those 
with access to dollars ,.njoyed any protection. 

The combination of historical problems of agricultural productivity and 
the specific jolts to rural livelihoods that occurred during the 1980s have 
produced a self-perpetuating spiral of rural impoverishnent and environ
mental destruiction. Rural poverty led to a historically heavy reliance on off
farm income, and farm families have increasingly turned to wage labor 
migration as a way of satisfying that need. Labor scarcity resulting from 
absences of increasing duration by fainily members has obliged rural faimilies 
to sacrifice medium- and long-term farm management to the exigencies of 
satisfying immediate consumption needs. This trend has contributed to a 
progressive degradation of the physical environment, manifested in serious 
problems of erosion, declining soil fertility, deforestation, and overgrazing.
Environmental destruction exacerbates existing problems of low agricultural
productivity and produces additional pressures for outmigration. 

The relationship between on- and off-firm income is a crucial one for 
understanding the dynamic between impoverishment and environmental 
destruction. On the one hand, historically unfavorable conditions for mar
ket-oriented agricultural production has caused the importance of migration 
to earn off-farm income to grow in recet C:ades. At the same time, low 
wage rates made it impossible for a family to live on off-farm earnings alone, 
so that foiod productiOn for domestic consumption remained a crucial family
production victivity. The complinentary inadequacies of the production
options available to rural fanilies produced the production strategy based on 
male outmigration and female farm management. 
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LIVESTOCK AND GENDER 

Two aspects of the relationship between impoverishment and environ
mental destruction warrant particular attention: the implications for the 
productive role of women in rural households, and the implications for live
stock management. The continuing unfavorable environment for the sale of 
agricultural produce, the environmental destruction resulting from the laboi 
scarcity associated with high rates of outmigration, and the exclusion of 
women from most opportunities to receive technical and organizational 
assistance to improve their situations have begun to alter the relationship 
between on- and off-farm family productive activities. Among those families 
where male migration is primarily to the Chapare, women report that of 
nearly equal importance to the cash that men earn are the foodstuffs that 
they bring back with them. Thus, the processes of impoverishment and 
environmental destruction has reached a point where domestic agricultural 
production does not even cover most of the family consumption require
ments. Not only does it have to be supplemented with cash, but families 
now also rely on foodstuffs imported from other areas (Gisbert et al. 1991 ). 

This development has important implications for rural women. First, a 
continuing decline in living standards increases the vulnerability of particu
larly at-risk groups like pregnant and lactating women and small children. 

Physical survival is becoming more difficult, and women are subjected to an 
additional source of stress that limits their ability to manage natural 
resources effectively or to take initiatives and risks to increase their incomes. 
Additionally, however, the situation creates the conditions for increased 
gender-based oppression of rural women. Over time, the economic impor
tance of those activities for which women are responsible is rending to 
decline. Thi.; deterioration undermines women's claims to political represen
tation in local affairs, and it creates a situation in which family responsibili
ties are viewed as increasingly burdensome by men, so that women are more 
subject to abandonment and physical abuse by their spouses. 

Environmental destruction in central Bolivia is particularly associated 
with damage caused by livestock, which is, in turn, closely associated with 
gender issues. The normal pattern of livestock ownership in the area is that 
large livestock, primarily cattle, belong to men, while small animals, the 
most important of which are goats, belong to women. Considerable environ

mental damage is attributed to goats, resulting from the impact of their 
browsing on trees and shrubs in the semi-arid environment and erosion asso
ciated vith the paths they create onl the steep hillsides. Development spe

cialists, concerned about the extreme environmental degradation of the 
area, frequently focus on the goats as the key issue to address. Often, this 
focus fails to consider the important role that the goats play for rural families 
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as a source of meat and hides and as the only form of savings available to 
most rural women. 

In the absence of their husbands, women also assune full responsibility 
for the care of cattle. Except for the central MVlizque valley and other areas 
where production revolves around irrigated agriculture, cattle are Usually 
kept in lands, called monte, that belong either to tile ,'ommunity or sindica
to, to which community families have use rights. These areas are usually 
located a two- or three-hour walk from tile parts of the community \\,here 
people live, so that keeping track of livestock is a time-consuming task 
Linder the best of circumstances. When the men are present, they form infor
mal groups that take turns going to the monte to look after one another's cat
tle, and the animals are checked on nearly every day. However, the task 
becomes particularly onerous for women, because the time required to travel 
to and from the monte combined with other tasks is prohibitive. The physi
cal difficulties associated with simply doing all that needs t. be done every 
day, combined with the lack of women's participation in institutions that 
could help coordinate individual activities, means that live;tock care is less 
regular when men are absent. 

This situatioM creates specific problems in cattle management which are 
aggravated in the context of longer term trends. Salt licks are not main
tained, with negative consequences for animal health. Animals are not 
moved around within the monte as they norrmally are, contributing to deteri
oration of tile community range land. Physical deterioration of tile land and 
lack of supervision of tile animals have caused cattle to wander or be driven 
out of tile monte belonging to their owners' community and onto tile land of 
neighboring communities. This movement has become a serious source of 
conflict and confrontation in several areas. 

These problems are worsened by parallel processes of increase in the 
number of cattle being maintained and shrinking size of the monte. There is 
evidence that tile numbers of cattle are increasing in parallel fashion to 
increases in family dependence on migration. Money earned through migra
tion that is not immediately consumed by families is invested in cattle, 
which constitute one of the few available mechanisms for saving. In addi
tion, in many areas the formation of new households exceeds the land 
resources of the communities. This disparity has obliged communities to 
allocate communally-held monte to individual families for agricultural pro
duction. Since monte lands were designated as such in part due to their 
unsuitability for agriculture, this reallocation aggravates environmental 
destruction in addition to reducing the area available for livestock. 

The role of livestock in the rural economy poses several problems for 
technical specialists seeking to reduce environmental destruction through 
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improved herd management. With cattle, attention focuses on tile increas
ing number of aninmals being maintained on a shrinki, ' area of pasture land 
and on tile low quality of the individual animals with respect to weight and 
overall health. Small livestock, particularly goats, are seen very strictly in 
terms of tile environmental damage associated with their numbers and with 
their ranging freely over the hillsides. As a result, livestock development 
strategies have focused on improving tile quality and value of cattle herds by 
decreasing umubers and providing the necessary elements for the remaining 
animals to be larger and healthier. Discussions of'goats have revolved simply 
around how to reduce the goat population. 

Such an approach overlooks the role that livestock play in family pro
duction systems as sources of siwings. It also ignores tile fact that for many 
rural families a larger number of relatively low-quality cattle is preferable to 
a small nmbler of high-quality cattle, because the low-quality animals are 
more resistant to drought and disease and the existing strategy offers more 
options for managing risk. Technical specialists also fail to appreciate that 
efforts to reduce the goat population represents a direct assault on one of the 
few areas of property that women control. Additionally, they often do not 
realize that the lack of management so visible today results from the increas
ing burden borne by women as a result of the impoverishment and environ
mental destruction afflicting the region, and of tie male outtmigration that is 
rural families' response to these conditions. 

DISCUSSION AND CONCLUSIONS 
The cases of the Peruvian altiplano and the central valleys of Bolivia 

provide a series of parallels and contrasts in the ways that extra-local forces 
shape land use. During the early 20th Century, it appeared that the Peruvian 
altiplano would experience an almost classical transition to modern capital
ist agriculture on the basis of its participation in tile wool export economy 
and its provisioning of regional urban centers tied to the export economy 
with food. This transition was aborted at mid-century, however, b\' a combi
nation of national agricultural policies and regional crises in producticn a, 
marketing generated by drought and droaght relief. Lacking opportunities t, 
earn a living through agriculture, rural flimlilies turned to off-farm sources of 
income, and finily agriculture su~bsidized participation in these. Many of tile 
trappings associated with traditiOnal peasant production, particularly those 
related to reciprocal labor exchanges, increased in importance as a way to 
reduce the financial cost of agricultural production by maximizing the use of 
unwaged labor. Central Bolivia was a provider of food and fiber from early in 
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its history. However, in contrast to Peru, land distribution patterns and rela
tions between large and small landowners precluded agriculture forming the 
basis of the kind of capital accunmlation that would transform produIction 
into a modern capitalist variety. As a result, the terms of trade with Bolivia's 
mining sector, which did experience several periods of capital accumuhltion, 
deteriorated over time, subjecting tile region to a long-term process of 
impoverishment, events which have accelerated in recent decades. Thus, 
unlike in the Peruvian altiplano, traditional peas,:::" production practices are 
longstanding, and not a response to recent economic changes. 

In both cases, agricultural production has subsidized participation in off
farm income-earning activities. As these off-farm activities have become more 
critical to family survival, family labor resources have become increasingly 
stressed; farn management practices that contributed to the medium- and 
long-term management of soil and %\aterresources have been abandoned if 
they did not also contribute to stisfying immediate consumpntion needs. This 
trend, in turn, has led to continuing environmental destruction. Thus, we 
need to exercise care in designing participatory rural development strategies 
that assume a substantial investment of time ild effort by rural families. 

The two case studies also raise issues aboLut how we think about tradi
tional household production systems. The peasant economy recreated in the 
Peruvian case included exchange relationships useful in mobilizing unwaged 
labor, because families Wished to minimize the cash expenditures required by 
agriculture. But the management of physically dispersed production with 
competing labor demands precluded maintaining longstanding production 
practices that conserved soil and water resources. In some senses, production 
today is more "traditional" than it was fifty years ago, when economic 
growth and land consolidation was causing tile importance of agricultural 
wage labor to expand rather than contract. However, tile expansion of tradi
tional reciprocal production relations has been directly tied to tile demise of 
traditional conservation practices. The notion of traditional production 
needs to be carefully contextualized. 

Similarly, the Bolivian case illustrates the limitations of thinking about 
production strictly in terms of household units. While all rural households 
have been affected by impoverishment and environmental destruction, the 
burden is not equally shared within those households. Tile physical and 
social condition of rural women has been particularly badly damaged, and 
well- intentioned but poorly conceived rural development efforts could wors
en their situation. By the same token, because rural women are tile ones 
who are managing the farms, they are the major hope for reversing the pro
cesses described. Applied research needs to be conceived and implemented 
with rural women defined explicitly as the major beneficiaries. Assigning 
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gender issues to a separate "women in development" component will not 
improve land use or the position of rural women and will, in fact, probably 
contribute to both getting worse. 

Finally, the two cases clearly suggest two areas in which new knowledge 
from applied research is desperately needed. First, there is a need for tech
nology that will improve the productivity of r,," ':bor, either by allowing 
agricultural tasks to be accomplished inilre efficiently or by reducing the 
time that must be dedicated to tile drudgery of staying alive (e.g., gathering 
firewood and water, co ,king) so that people have more time to devote to 
the resource management aspects of agriculture. It is here that understand
ing social and institutional aspects of rural life become particularly impor
tant. For example, significant reductions in drudgery could result from 
implementing collective strategies for firewood and water gathering, live
stock management, and child care in place of tile individual houIselold 
strategies that are found ill Most rural communities (Gisbert et al. 1991). 
However, this approach requires an intiimte kno,wledge of tile institutional 
structure and politics of power in these communities ;i. ., long-term coi
mitment to fomrenting the kind of institutional development that will per
mit such innovations to be accepted and sustained. 

A second priority area for research is raising rural incomes. As tile two 
cases disctussed here clearly show, impoverishment is the starting point for 
declining agricultural prdLuction and environmental destruction. Several 
areas suggest themselves as points of departure for such research, including 
the foillo\ing: I ) expanding markets for rural products; 2) improving the 
conditions tinder which ruiral people market their produce, particularly with 
respect to bulking and transport; 3) promoting agroprocessing as a source of 
off-farm employment that does not require migration, as a means of adding 
value to prodtcts, and as a strategy for permitting rural families to exercise 
more control over w1xhen and where they sell their produce; and 4) promot
ing higher wage rates and greater job security in areas that are migratory des
tinations so that more people wvho are dependent on off-farm income can 
actually earn a living from it. 

Successfil applied research on agropastoral land use relies on an under
standing of local production systems and on tile application Of technologies 
whose appropriateness often derives from traditional practices. However, it 
is not enough to focus on local prodtuction systems as they appear to us in 
the present. We must also understand the history that is responsible for pre
sent appearances at the local level, and that it links local production systems 
to one another in regional, national, and international contexts. In applied 
research as in politics, there is much to be said for linking local action to 
global thinking. 
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ENDNOTES 
1The Farming Systems literature is far too extensive to review here. Readers 

interested in more inform' ion on the basic elements of the approach 

may wish to consult Baker et al. (1983) or Shaner et al. (1982). Andrew 
and Hildebrand (1982) provide a "nuts and bolts" discussion of how to 

conduct multidisciplinary agricultural research. 
2 Readers of this paper will probably be especially interested in Part 8, "Tra

ditional Farming Systems in Latin America" (Volume 2, Pp. 433-473). 
3 Several Bolivian NGOs have inde an agroecological approach to agricul

tural production systems a central element of their programs. These 

include SEMTA (Sevicios Mtiltiples de Tecnologfas Apropriadas, Casilla 
15041, L.a Paz), CENDA (Centro de Comunicaci6n y Desarrollo Andino, 

Casilla 540, Cochabamba), and PROBIOMA (Casilla 5559, Cochabam

ba). Each has a particular focus with respect to geographic area of interest 

and technical speciality. 

4 This entire paragraph draws heavily on Little's (1985) discussion. Interest

ed readers should refer to his article. 

5 The Peruvian case presented here summarizes part of a longer critical dis

cussion published elsewhere (Painter 1991), to which readers interested 

in more detail may wish to refer. 

6 For accounts of the activities of the Adventist Church in the region during 

this period, see Hazen (1974) and Lewellen (1978). 

Fort a description of the 1923 uprising and a discussion of its significance 

in terms of regional class formation, see Collins (1988:51-61). 
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8 Droughts are endemic in the region, and localized droughts are a frequent 
occurrence. At irregular intervals, however, the entire region is afflicted 
by a major drought that lasts through more than a single growing season. 
For example, a drought similar in severity, although less draoiatic in its 
social and economic impacts, struck southern Peru in 1940. Mere recent
ly, the altiplano was hit by a severe region-wide drought during the 1982
83 and 1983-84 growing seasons. 

9Collins (1984) discusses how possibilities for coffee production in the Tam
bopata Valley to serve as a basis for capital accumulation were cut off (see 
especially pp. 430-31). 

IOA number of different state cooperative organizations were created under 
the agrarian reform, with administrative structures varying according to 
the role they were envisioned as playing in the economy. Most of the 
coastal plantations, for example, were organized as Cooperativas Agrarias 
de Producci6n. The estates in highland southern Peru became Sociedades 
Agricolas de Inter6s Social (Martfne" 1980). 

1 Due to space limitations, this discussion refers generically to "the mining 

economy" or the "mining sector." From tile beginning of the colonial 
period through most of the 19th century the mining industry revolved 
around silver and was geographically centered in Potosf. Beginning in the 
last quarter of the 19th century, tin grew in importance and became 
Bolivia's major mineral export, and the center of Bolivia's mining indus
try shed northward to Oruro. Tin dominated the mining industry until 
1985, with the crash in international tin prices and the bankruptcy of tile 
London Metal Exchange. 

12 This practice led to a process of land concentration ielated to the eco
nomic growth of the new export agriculture sector, so that today land dis
tribution is more unequal than it was prior to the agrarian reform 
(Urioste 1987). 
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CHAPTER 6 

Agroecological Characterization 
of the Bolivian Altiplano 

Ing. Juan Carlos Quiroga M. 
Executive Director,CUMAT 

PRELIMINARY CONSIDERATIONS 
One of the biggest problems in Third World countries is that on one 

hand they have the weight of the national debt (external) and on the other 
hand they have a gross mismanagement of their natural resources. This mis
application of natural resources has caused great ecological problems with 
i igation in newly established agriculture frontiers and the hydroelectric 
projects have caused a variety of enviroanental problems to the region. 
These countries along with international financial organizations can share 
in the blame for the financial and environmeptal situations that exist in 
third world countries today. 

There is an urgent need in Bolivia to take actions in developments that 
would create jobs for the large peasant population while at the same time 
developing projects that are compatible with the ecology while causing a 
minimum impact on the environment. The experience gained in developed 
countries can aid in solving the environmental problems while using mass 
human and economic resources to improve tiie havoc that pr, sently exist. 

Because of these considerations, this paper will try to do a characteriza
tion of the agro-ecosystems of the Bolivian Altiplano showing the physical 
aspects, actual land use and the socio-eco, omic indicators. 

GENERAL ECOLOGY OF BOLIVIA 
Bolivia has an area of 1,098,000 km2 occupied by nine major physical 

regions. Each region presents a complex group of conditions distinct from 
the others in its physical environment. 

Basically these regions are the re.;ult of the overlap of three latitudinal 
bioclimatic regions: tropical, subtropical, and template. They are located 
over four major physiographic areas: the altiplano, surrounded by the 
Cordilleras Andinas; the Andean (Eastern) zone, deeply divided from alti
piano; the Lowlands; and the Low Plateaus of the East. Since these areas 
have a tendency to run at opposed angles, nine corined areas are che result 
(Fig. 1). 
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In Bolivia, the isothermal bio-temperature corresponding to the divi
sion between the latitudinal region of the Tropical and Subtropical, with an 
average of 24'C. (Fig. 2), is located at the north of the country varying 
between 11' and 120 of latitude South. In other words, with the exception
of about 37,680 km2 (3.42% of the national territory) to the extreme north, 
the country does not have truly tropical areas in any elevation above sea 
level. However, a total area of almost equivalent size (34,500 k1m 2) of tropi
cal life zones (humid and very hunid) extends as a strip across the deep east
ern watershed of the Andes to 170 South; nevertheless, these bio-climes 
with mean annual bio-temperatures a little below 24'C. are transitional to 
the subtropical and are considered to be within the same subtropical region 
(Fig. 3, approximated profile).In total, about 545,275 ki 2, or alnmost 50% of the national territory, are 

within the limits of the subtropical region, including 34,500 km2 of tropical 
life zones in transition to the subtropical and 515,405 kin 2, or almost 47% of 
the national territory, in the temperate region. The generalized ecological 
map of Bolivia elaorated by Leslie Holdridge and Joseph Tosi took as a base 
the three latitudinal regions present in the territory, combined with the 
major physiographic divisions. 

PHYSIOGRAPHY OF BOLIVIA 
Considering the big morphological factors, climatology of fauna and 

flora, and the variety of soils, the country can be divided into two major 
units: the elevated and cold Andean block and the hot lowlands; these units 
are subdivided into other minor areas characterized by their own properties. 

Bolivia ha: seven physiographic provinces (Fig. 4) from West to East: 

A-1 ...... Cordillera Occidental o Volcanica 
A-2 ...... Cordillera Central-Oriental 
B.......... Altiplano
 
C .......... Subandino
 
D .......... Llanuras
 
E.......... Escudo Brasilero
 
F........... Serranias Chiquitanas
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ALTIPLANO BOLIVIANO 
LOCATION AND EXTENSION 

The Bolivian altiplano is the physiographic unit located between the 
eastern and western mountains that starts in the Abra de la Raya in the 
south of Peru and continues to the 22'50 ' parallel to then enter the Puna of 
Atacama in Chile. Itis 149,980 km2, representing 14% of the total national 
territory. 

Traditionally, the altiplano was considered to be a series of plains with 
various ridges of mountains, isolated mountains, and a plain denominated 
"Puna" that has the characteristics of a closed basin. However, it was consid
ered convenient to subdivide this unit into two: the part of the plains keep
ing the name altiplano, and all the morphological formations with reliefs 
over-passing in the plains called serranias interaltiplanicas. 

The whole altiplano could be said to be a very big basin, probably origi
nating from the compound fracture in blocks during the raising of the 
Andes, currently covered with disappeared lake sediments (Ballivian, 
Minchin, Tauca), partially dried lakes (Titicaca and Poopo), and residues of 
the big salt lakes Uyuni and Coipasa. 

The altiplano could be divided into a sub-humid part and another dry. 
It is evident that the humidity decreases fron north to south, changing its 
dryness into lake, lagoon, and salt lake. Lake Titicaca, with 1 gr./t. of salini
ty, constitutes a sweet-water lake and generates a humid zone. The Poopo, 
with 25 gr./lt. of salinity, has not yet reached tile salt lake state, because it :s 
permanently fed with sweet water from the Desaguadero River and forms a 
semidry zone. 

PHYSICAL CHARACTERISTICS OF THE ALTIPLANO 

GEOLOGY
 

Following is a brief description of the most important geological charac
teristics of tile altiplano according to a chronology of the geological periods: 
0 Precambrian 

There are data of the precambric base at 2.800 of depth in an oil well 
drilled by Y.P.F.B. (Yacimientos Petroliferos Fiscales Bolivianos) in La Paz. 

0 Cambrian 
It is not present. 

MOrdovician 
Non-differentiated Ordovician rocks are found at the south end of the 
altiplano with outcroppings routing NE-SW and are disposed in a discon
tinuous linear form. 
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0 Silurian
 
Small outcroppings are shown.
 

0 Devonian 
Isolated small prolongations of Devonic outcroppings that correspond to 
the main outcroppings of the Cordillera Oriental. 

E Carbonian 
Sedimentites of this system crop out in lesser extent in the Lake Titicaca 
area. 

M Permian 
It isshown in the Northern Altiplano and represented by two formations: 
Copacabana of petrified limestones and Tiquina of calcareous sandstones, 
reddish and pink in thin banks. 

MTriassic
 
It is not present.
 

* 	Jurassic
 
It is not present.
 

0 	Cretaceous 
This system is found vastly distributed in the Altiplano. The Meridional 
Altiplano presents large bodies of gypsum deposits. 

0 	Tertiarv 
This system is widely found and is a sequence of the continental type 
with possible marine influence of shallow waters. 

• 	 Quatemary 
Recent climatic characteristics have permitted a good sedimentation 
from the mid to the top Quaternary in almost all the altiplano where 
there is a lot of accumulated volcanic material, ignimbrites, tuffs, and 
lava flows of all kinds. 

The Bolivian Altiplano is an endoreic group of quaternary basins occu
pied by the Titicaca and Poopo lakes and by the Uyuni and Coipasa salt 
lakes. In earlier times, there were various quaternary lacustrian extensions 
known under the names of Ballivian (Bowman 1909), Minchin (Steiman 
1906), and Tauca (Servant 1977). Older lakes existed in other regions 
such as the basin of Chara:a. 

In the northeast of the altiplano, the region of La Paz, four glacial for
mations are distinguished and are from the oldest to newest Calvario 
(Dobrovolny 1962), Kaluyo Sorata (Servant 1977), and Choqueyapu (Troll 
1929). The lowest moraines are located between 3,000 and 3,800 m. of alti
tude, or 1,000 m. below the actual glacials. 
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HYDROGRAPHY 

The hydrography consists of two zones: 
A. Northern Altiplano 
This is the plain zone between the Titicaca and Poopo lakes that cover 

four hydrographic basins (Fig. 5). 
A.1. The Basin of Lake Titicaca, with its sub-basins 

* Suches, near the border with Peru, with an important and abundant flow, 
however with a tight valley where agricultural practices are very limited. 

*Achacachi, which collects a large portion of the water from the 
Cordillera Real. 

OCatari, 	which collects water from El Alto-Viacha-Comanche-Alturas de 
Tiwanacu and Guaqui. It is the most extended of the sub-basins that 
flows to the lake. It is the watershed of the waters flowing to Titicaca and 
Poopo. 

Lake Titicaca has a drainage area of approximately 56,000 km2 for an 
extension of 8,440 kmn2 of the top layer of the lake. 

A.2. Desaguadero-Santiago de Machaca-Calacoto 
*The 	Desaguadero River, which carries an average of 20 cubic meter/sec. 

from the Lake Titicaca to Poopo, creates various sub-basins when it cross
es the northern altiplano and part of the interaltiplanian mountain belts. 

The drainage area of the Desaguadero River until it joins the Mauri 
River has an extension of 9,000 km 2. The Mauri River is the main tributary 
of the Desaguadero and the only one that provides sweet water with a flow 
of 5 cubic meter/sec. in Ole lower period. 

A. 3. Calamarca-Sicasica 
*To the south of the Catari sub-basin and from Calamarca, there is a plain 

that covers Calamarca-Pitacamaya-Sicasica. To the east, it isbounded by 
the Eastern Cordillera, and it runs to the West to Umala and the 
Desaguadero Rivers. 

A.4. Caracollo-Oruro-Lago Poopo 
*The northern altiplano ends in a very extended plain about 200 km. long, 

a continuation of tho. previous sub-basin, and it reaches to the south of 
the Lake Poopo. The Desaguadero River ends its path at the Lake Poopo. 
The carried sediments and salted materials are deposited at the lake, rais
ing its salinity to 25 gms./It. The size and shape of Lake Poopo and the 
delta of the Desaguadero, including its flooded areas, are changing con-
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stantly. During recent years, they formed new flooded areas, thus increas
ing the size of the Uru Uru lake that is getting dangerously closer and 
closer to the city of Oruro. Back in 1970, the level of this lake was at 
3,697 meters, or 1 meter below the lowest part of the city. 

B. Southern Altiplano 
At the south end of Lake Poopo begins a different region characterized 

by the appearance of big salted bodies and desertified panipas forrmed by
clay, limestone, and gravel. It is the most arid region of the country, with 
less than 100 mi. per year of rain, and sometimes none.
 

There are rivers that stay dry for years, and when 
an occasional rain 
occurs, they could carry lots of water, but it is absorbed very quickly by the 
soil. The dry conditions and the lack of resources are so extreme that human 
life is non-cxistent there. 

UNDERGROUND HYDRIC RESOURCES 
The hydrogeological basin of the altiplano is located between 3,000 and 

more than 4,000 in. above sea level, forming a series of irregular under
ground pockets of water flowing and emptying to Lakes Titicaca, Poopo, and 
Uyuni. It is evident that from the quality point of view of those waters, the 
ones to the Titicaca lake have better hydrogeological conditions and con
tain important quantities of underground water of good chemical quality. 
These characteristics decrea, e in the region of Lakes Oruro and Poopo and 
become even less in the sale lake Uyuni. 

PHYSIOGRAPHY
 

The Altiplano has three well-defined zones:
 
A. Northern Altiplano, an area located between Lakes Titicaca and Poopo, 

covers four hydrographic basins already described. 
B. Southern Altiplano is a different area from the previous one, starts at 

Lake Poopo and is characterized by the presence of salted bodies and 
desertified plains (pampas); it is the arid region of the country, with less 
than 100 mm. of rain per year and sometimes more. 

C. 	Interaltiplanian Belts, in the middle of the northern Altiplano is a chain 
of mountainr that starts at the south of Lake Titicaca and continues 
south-southeast near Lake Poopo. They are outcroppings of sedimentary 
tertiary rocks. 
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The peculiarity of this physiographic sub-unit is that it breaks the conti
nuity of the plateau of the altiplano with hills that raise to 60 ni.
 

THE ECOLOGICAL REGION OF THE ALTIPLANO 

The altiplano is the interountain region located between the eastern 
and western peaks of the Andes at an average height of 4,000 i., with their 
highest peaks over 6,500 m. above sea level. In this extended region are var
ious scenarios; the most important are the interandean valleys, plains, and 
low depressions with outcroppings such as salted bodies, plateaus, alluvial 
slopes, fan-shaped bodies, and volcanic and colluvial-alluvial groups mostly 
in the west and south of tile altiplano. It is also important to note the pres
ence of deep valleys and -.a chain of mountains, the majority of which ,e 
covered with year-round snow that form big glacial lakes and numerous 
rive'., and streams where the majority of the agricultural activities are con

centrated. 
Because of its environmental characteristics, this region had nu1merous 

animal and vegetal species of its own, natural resources that were utilized 
through time at diverse states and intensities. 

The introduction of the usage of burning materials as an auxiliary tool 
began the long and continuous process of reducing the extension and variety 
of original forests and almost causing the extinction of numerous anilal 

species, altering negatively the vegetation of the altiplano. 
The arrival of the Spanish Coniuistadores to this highly and well-con

served and developed cultural region had a strong impact and harmful con
sequences not only for the landscape and for the native inhabitants, but for 
the new institutit ian1r-d plitical structure that was imposed and the min
ing activity to which they were dedicated. 

The uncontrolled firewood exploitation, plus burning and overgrazing 
for the new animals that were introduced caused the Andean forests to vir
tually disappear. The Andean faunha, not permitted its necessary habitat, was 
drastically reduced, resulting in the extinction of many valuable species. 

The newly introduced livestock were sheep, goats, and horses, all of 
which had a decisive impact on the natural resources and the economy of 
the region. Becaut;e of the inadaptability of the horses and goats, it was nec
essary to establish pastures at lower altitudes, between 2,000 and 3,500 in. 

above sea level on soils with strong slopes inside the valleys of the Andcs. 
Through yearly burns, they replaced the nattral forests with pastures, and 
overgrazing was generalized, having constantly a negative impact on sec
ondary forests. 
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The erosion problem is variable, and it depends mainly on climate, 
topography, human activity, and soil. Throughout the years and because of 
human activity, these soils were degraded, becoming skeletical soils with 
outcroppings of bedrock in some areas. 

The most notable aspect of the overgrazing is the negative alteration of 
the pastures, reducing its size and density, and as a result invaded by other 
unusable species such as "paja brava" (Stipa ichu), thola, spiny shrubs, and 
cactus rtplacing the climax vegetation. 

LIFE ZONES, LOCATION, VEGETATION,
 

PHYSIOGRAPHY 
 AND SOILS, LAND USE, LAND CAPABILITY 

Subtropical Region: Lower Montane Belt
 
Thorn Steppe Lower Montane,
 
Transition to Montane Subtropical
 

" Location. It is located throughout the Desaguadero River from the junc
tion with the Mauri River to its flow to Lake Poopo. It is a strip of land 
with an average width of 30 km. and with an extension of 5,800 km 2. 

" 	Climate. A range of bio-temperatures from 10.5°C to 12'C and a total 
annual precipitation between 250 and 350 mam. In ecological terms, 
despite being transitional to two bio-climates, it has both colder and very 
dry conditions and even marginal to proper species in the life zone. Since 
it borders the .)esaguadero River, it gets the benefits of irrigation for 
existing productive Alluvial soils. 

* 	Vegetation. The dominant natural vegetation is formed by dispersed 
grasses and shrubs. The last part of this paper lists a few typical examples 
of vegetation of the altiplano. 

• 	Physiography and soils. The Desaguadero River, because of its relatively 
high fall, does not meander with the exception of few sectors. There are 
two well-differentiated scenarios: 
A. 	High dissected terraces formed by tertiary rocks, lithosolics and very 

well dissected. 
B. Alluvial plains with bad drainage and flooded areas, deep with salinity 

problem. 
The chemical characteristics of these soils show that they are weakly lix

iviated and with a very high base of saturation. 
The reaction varies from moderated alkaline to weak acid. 
The 	phosphorous is low, varying the potassium from moderated low to 

high, and the contents of minor nutrients such as calcium and magne
sium vary from low to moderated. 
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N Land use. A big part of this area is overgrazed because of the large number 
of sheep overcoming to the receptive capacity of the natural vegetation 
of this life zone. There are a few annual crops, such as barley (Hordeum 
Vulgare), quinua (Chenopodium Quinoa), and potato (Solanum Andi
genum). 

* 	ILand capability. There isspecial interest in this area because of the irriga
tion possibilities, using water pumps and dirt dams to stop the inunda
tion. This way, alfalfa (Medicago Sativa) and principally wheat could be 
planted, along with other horticultural species. 

STEPPE MONTANE SUBTROPICAL 

• 	 Location. Located between coordinates 170 and 19' latitude South, it has 
an area of 15,200 km2 and is mostly represented at the north-central sector 
of the altiplano, forming part of the hydrographic basin of the Desaguadero 
River, with its south and west limit bounding with th,! formation Thorn 
Steppe Lower Montane Transition to Montane Subtropical. 

0 	Climate. The precipitation in a big part of this area is between 300 and 
500 mm. per year, elevations are between 3,500 and 4,200 m. above sea 
level, and bio-temperatures are between 10C and 6'C. 

The months of summer are hotter than those in winter, and since 
summer coincides with the months of rain, growth conditions are good 
for natural vegetation such as pastures and shrubs from mid-September to 
mid-May; the rest of the year is dry. Freezing is common during winter 
and frequent in the months of summer. 

• 	 Physiography and soils. The area has well-drained alluvial plains, alluvial 
fluvial-lacustrian plains with drainage problems, pockets with salty out
croppings, etc.; the soils of these plains are generally deep with permeabili
ty that varies from slow to very slow in all the profile. Because of their 
chemical characteristics, they are considered as weakly lixiviated and with 
very high base saturation. The soil's reaction varies from low to high alka
line. Phosphons is low, and Potassi,,m varies fron high to moderate. Sec
ondary nutrients such as calcium, magnesium, etc., are in quantities that 
vary from moderate to high due to the alkaline nature of the soils. 
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0 	Vegetation. The dominant vegetation in this area is the perennial grami
neous kind, mainly those that are presented in bundles with dispersed 
shrubs that grow during the rainy period. In sectors forming almost a 
blanket shape are the "tholares" which are shrubs from 50 to 100 cm. 
high, covering extensive areas of the plains. 

0 	 Land use. With the exception of small areas where bitter potatoes are 
planted, as well as barley, quinua, and ca:ahua, a big portion of this area is 
dedicated to pastures mainly for ovine species. 

0 Land capability. Agricultural activities could have a substantial increment 
if the rivers were utilized, such as the Desaguadero and few other afflu
ents, for irrigation purposes based on water pumps. 

MOIST FOREST MONTANE SUBTROPICAL 

0 	Location. This is one of the most important formations and is one of the 
most densely populated in the country. It has an area of 27,700 km 2 , 
partly belonging to the northern altiplano. 

0 	 Climate. It is the most favorable for agriculture and cattle raising and for 
ages was densely populated. Pre-Colombian cultures were born and grew 
here with high levels of civilization, reaching the point of domesticating 
native plants such as potato, quinua, oca, ca:ahua, and many more. For 
the same reasons, there are not even traces of the original forest that 
existed before agriculture. 

The temperatures of 6°C and 120C correspond to eleva': ns between 
2,150 to 4,150 m. They could be higher in those areas where there is a 
notable difference in the relationship between bio-temperature and pre
cipitation. In some areas, this forestation can be found as high as 4,300 
m. above sea level, with an annual mean temperature of 8.8 0C and a pre
cipitation of 553 mm. 

* 	 Physiography and soils. The landscape has a smooth, wavy topography, 
with valleys and rivers not too deep. There are extensive deposits of 
moraines, alluvial and fan-shaped. The alluvial plain is drained by 
numerous small rivers. The monotony of the landscape is broken thanks 
to the appearance of elevations from isolated hills. 

Soils normally are very deep with permeability that varies from mod
erate to very little in all the profile. Chemically the soils are weakly lix
iviated with a base saturation that varies from high to very high, with a 
soil reaction from neutral to strongly alkaline. The contents of organic 
material is low and decreases much more in function of depthness. Phos
phorus is absent in almost all soils, and potassium exists in moderate 
quantities. Secondary elements such as calcium, magnesium, and sodium 
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are in moderate to high quantities, which explains the alkaline nature of 
these soils. 

" Land use. These soils were exploited before the coming of the Spanish 
Conquistadores due to their moisture and crops of notable nutritive value 
such as potato, oca, tarhui, cafiahua, and quinua. 

There are many land tenure systems, although the mini-fundia is the 
one creating major problems in the improvement of agricultural activity 
due to the alarming rate of population. Consequently, the problems are in 
essence socio-cultural rather than technical. 

• 	 Land capability. The climate is favorable for the growing of cultivated forests 
where many problems of erosion could be solved mainly in those areas 
where irregular agricultural practices are performed. The following species of 
eucaliptus are recommended: E. bicostata, E. gunnii, pine varieties such as P. 
insignis, P. rtidis, and native species such as Quishuara o Kolli (Buddleia 
coriacea Remy) and Kenua or Kehuina (Polylepis incana HBK). 

TEMPLATE REGION: MONTANE BELT 
DESERT MONTANE TEMPLATE 

* 	 Location. This area occupies a big part of the South of the altiplano, 
including Uyuni, Empexa, Coipasa, etc. It covers an area of 37,930 km 2 , 

which is 3.47% of the total area of the country. The annual average tem
perature varies between 6'C and 12'C. Nights are very cold with a high 
incidence of nocturnal radiation. Days are fresh, with a high incidence of 
direct solar radiation. In general, the rain that falls is scarce or null 
except in those years during the months of summer that it rains very 
short and fast. 

* 	 Physiography and soils. Volcanic and sedimentary rocks dominate the 
area where the topography is very rough, alternating with plains, where 
superficial and salted soils were formed. Most of those plains are covered 
with salt. 
Vegetation. The quick rain (yearly average) of less than 100 mm. clearly 
explains the scarce vegetation. 

E Land use. Little land is cultivated due to the extreme arid conditions. 
There is some agricultural activity in the small valleys, with planted 
quinua combined with the raising of camelids on a small scale. 
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DESERT SHRUB MONTANE TEMPLATE 

N Location. This area occupies 52,890 km2. 
E Climate. Because of the conditions imposed by cold t,.rmperatures and the 

lack of humidity, vegetation is reduced in its growth rate as well as in its 
density. Other limitations are the extreme arid conditions and the soil 
moisture, with yearly rain not over 200 mm. 

N 	Vegetation. What calls the attention in this life zone is the xerophytic 
vegetation, since it is a very dry zone. Grasses are fibrous, and feeding 
capacity is very limited, even for those domestic and habituated animals 
such as the camelids. To prevent overgrazing, the carrying capacity in 
these areas has to be considered; many experts say there should be one 
animal per 12 hectares. 

0 	 Physiography and soils. There is a complex physiographic landscape 
where wavy and rugged landscapes dominate, composed of old and hard 
sediments which are strongly folded. In general it has high elevations and 
rough topography and is very dissected, forming small valleys where agri
cultural activity isdeveloped for subsistence purposes. 

In this formation, there is a depression occupied by the Colorado 
Lagoon that is important to be mentioned, located at 4,200 m.above seal 
level; it is a closed basin surrounded by volcanic structures. It was men
tioned because of its impressive beauty and the need to conserve it for 
tourism and wildlife. It isthe home of a variety of birds with aquatic habi
tat such as flamingos, ducks, ostriches, and others. The importance of this 
lagoon is that it constitutes a center for natural reproduction of these 
many migratory birds. 

There is almost nothing to be done to improve agricultural activities 
in this area. 

THORN STEPPE MONTANE TEMPLATE 

* 	Location and area. It is an extension of 12,850 km 2. Its population densi. 
ty is low. 

N 	Climate. This area is located in between 3,800 and 4,100 m. above sea 
level and as low as 3,400 in. high and has very low temperatures at night 
between April and September, with 0°C. With respect to cattle raising, 
the species suffer a lot because of the cold weather ard the lack of forage, 
especially during autumn, winter and spring. This bio-climate has no 
future for greater development, except as an experiment where overgraz
ing occurs and erosion exists in many places. 
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M	Vegetation. The vegetation in this life zone is special with respect to the 
density factor and the composition of its species with low gramineous 
grass and some shrubs 3 m. high. 

M Land use. A big part of this aqea is dedicated to livestock, especially 
sheep, camelids, and cattle. "he agricultural activity is limited to small 
valleys normally close to the rivers and hillsides but only for subsistence. 
Little can be done to improve the agricultural activities because of the 
limiting factors of soil and climate. Nevertheless, the potential productiv
ity of this area could be a lot more than at present, it is the consequence 
of bad management of the area and overgrazing. It is recommendable to 
have a correspondence between the number of heads and unit area per 
hectare. Profits for thc peasants could be increased by introducing 
improved ovine species instead of the present ones and by rotating the 
pasture areas. 

The following, in a general way, are some typical vegetation elements 
of the altiplano or Puna: 

The climax vegetation consists of: 
Stipa ichu 
Calamagrostis spp. 
Nasella sp. 
Baccharis incarum 
Baccharis boliviensis 
Parastrephia lepidophylla 

The distribution of the species are dependent on the edaphological vari
ables, such as the following: 

Soils of humid plains 
Muhlenbergia fastigiata 
Haffmannseggia sp. 
Boutelova simplex 

Soils of dry plains and salted
 
Anthobryum triandrum
 
Suaeda fruticosa
 

Sandy dry soils
 
Junellia seriphiod.-s
 
Lampaija medicinalis
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Stony dry soils
 
Fabiana densa
 
Tetraglochin cristatum
 
Adesmia spp.
 

Stony and huLmid plain -oils
 
Psila boliviensis
 

Salty soils
 
Distichlis humilis
 

Humid soils close to small strwams
 
Festtuca dolichophylla
 

River sandy boarders and depressions with low depthness of water 
Parastrephia phylicaeeformis 

LIVESTOCK OF THE 	ALTIPLANO 
Livestock covers all the plateau of the altiplano in the departments of 

La Paz, Oruro, and Potosf It is characterized by its cold climate and frequent 
freezing. There are natural prairies called "prairie ot the heights" where 
native forage is grown. These prairies in the altiplano are degraded, since 
there is no conservation practice that would limit overgrazing. 

EXTENSION OF NATURAL AND CULTIVATED PRAIRIES 

Prairies 	 Natural Cultivated for year 1974
 
sq. km. sq. ki.
 

Altiplano 	 93,037 3.7 

OTHER PASTURES 	AND FORAGE 
The natural prairies of the altiplano are sufficiently' poor and do not rep

resent an impot nt nutritive value for tle ovine and bovine species raised 
there. Only calei 's make good use of them. That is why the Agricultural 
Experimental Stati,,. ,s of the area recommend the plantation of artificial 
prairies based on alfalfa (Medicago sativa), festucas (Festuca arundinacea), 
pasto ovillo (Dactylis glomerata), oats elatior (Arrbenatherum elatius), 
agropiro (Agropyron elongatum), and fleo (Ph leum pratense), especially for 
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NATIVE FORAGE OF THE ALTPLANO
 
Scientific name 

Picnophyllum molle ........................................... 

Parastrephia lepidophylla ................................... 

Baccharis microphylla ........................................ 

Carex nCbularmm ......................................... 

Carex sp .............................................................. 


Atriplex cristata ........................................... 

Suacda fructicosa ................................................ 


ErOdifui cicutarium ............................................ 


Ephedra americana ............................................. 

Aciadchne pul'inata ............................................ 

Agropyron attenuatun ....................................... 


Aristida adscencionis ......................................... 


Common name 

Coca de vicufla huari coca 
Thola 

Kerhua thola 

Ajsa 
Sercipasto 

Ullpuyu7o 
Cauchi 

Alfilerillo, reloj, reloj 

Sanu Sanu 
Paco Paco 
Toja 

Caballo huchinca 

Aristida asplundii ...............................................
Yawarilla 

Bouteloua simnplex .............................................. 


Bromus lanatus ................................................... 


Bromnus unioloides .............................................. 

Calamnagrostis hererophylla ................................ 

Calamagrostis Victnarum ................................... 


Distichlis ............................................... 

Eragrostis sp........................................................ 

Festuca dolichophylla ......................................... 

Festuca orthopylla .............................................. 

Festuca rigescens .................... 

Hordeumi mnuticum ............................................. 

M1luhlembergia fastigiata ..................................... 

NIhlhlembergia peruviana ................................... 

Nasella mayeniana ............................................. 

Paspalum pygmaeum .......................................... 

Poa candamoana ................................................ 

Poa gyrnantha ...................... 


Stipa ichu ........................................................... 

S tipa sp ............................................................... 

Trifolium amabile ............................................... 

Medicago denticulata ......................................... 

Astragalus garbancillo ........................................ 

Lachemilla pinnata ..................................... 


Llapa
 

Cebadilla
 

Cebadilla
 
Konkor-kara
 

Crespillo
 

Orko-chiji
 
T onko-tonko 
Chillihua 
Paja Brava 
Paja Brava 
Cola de rat6n 
CachU chiji 
Napa 
Pasto pluma, Yawara 

Cachu chiji 
Ckachu 
Grama 

Ichu 
Yawara 
Layu 
Carretilla
 

Garbancillo
 
Sillo-Sillo 
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the northern zone of the altiplano influenced by Lake Titicaca. For drier 
zones, central and southern altiplano alfalfa and pasto Ilor6n are recoin
mended.
 

For annual forage there are newly selected varieties of barley (Hordeum vul
gare), especially Bolivia and E.E.A. No. 46. For oats (Avena sativa), the vari
eties of Rotemburger, Bannoch, and E.E.A. No. 18 are equally recommended. 

0 Bovine. In the altiplano, this practice is closely related to the agricul
tural activity in the best areas for both activities. The objective of bovine 
raising is the use of male animals as working beasts (yuntas) in all kinds of 
hard labor such as harvesting, pulling or pushing materials, ploughing, seed
ing, and others. The useful life of these animals is around seven years; after 
that they are used for meat. Consequently bovine raising is not necessary for 
meat or milk production, and the peasant owner of the land reduces to one 
to three heads of these animals to satisfy his needs. In the northern altiplano 
influenced by Lake Titicaca and the city of La Paz, there is a tendency to 
have small milk farms that technically are unsophisticated compared to a 
fairly modern reproductive farm of Brown-Swiss species adapted for high ele
vation areas owned by CORDEPAZ (Corporacion de Desarrollo de La Paz) 
near by the city of El Alto in La Paz. 

* Sheep. This practice has a double purpose: to obtain meat and wool. 
It was introduced in Bolivia by the Spanish and actually uses domestic 
species based in Merino, Churra, and Manchega and other races adapted to 
the regions of the country. The next chart shows the sheep population by 
regions in the altiplano. 

SHEEP PER REGION (1972) 
Regions Population (Heads) % 

Northern Altiplano 1,500,000 36 

Central Altiplano 2,400,000 57 

Southern Altiplano 300,000 7 

TOTAL 4,200,000 100 

Sheep raising keeps a big number of peasants busy as an important way 
of subsistence mainly obtaining the wool to weave their clothing and meat 
for their diet but used also for income and for exchange. Nevertheless, the 
yield of the wool (approx. 800 grs. per head) and the meat are lower than 
the standard international average, making this activity less profitable and 
secondary. The overgrazing activity in these natiral prairies does not allow 
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recuperation of usable vegetal species. Consequences of such bad manage
ment are high mortality rate of the baby animals genetically deformed, and 
as a result low yields of wool and meat. 

0 Camelids. These animals (llama, alpaca, 'icufia) in Bolivia have spe
cial importance, because they originated in the Andean Mountains and 
because, since their domestication in prehistory, they accompanied the 
campesinos in the altiplano plains, giving them meat, wool, leather skins, 
fertilizer (manure), and combuLstible dung, as well as representing until 
recently most efficient transportation for carrying loads. 

The habitat for these South American animals is between 3,800 and 
4,200 meters above sea level in the ecological regions of the ;'ltiplano and 
high valleys. 

Management of the animals did not reach modern techniques. Raising 
of llamas and alpacas is traditional and extensive. Insufficient and small cor
rals exist where normally llamas, alpacas, and sheep are mixed. 

The main characteristic of this activity is in the first place the low yield 
of wool and meat, secondly the high mortality rate related directly to insuffi
cient feeding with lactation problems and had post-natal care, the lack of 
control during mating, and infections, illnesses, etc. 

M Llama. This animal is very important for Bolivia because of its large 
population. There are more than 2,500,000 distributed in the departments 
of Oruro, Potosi, La PaZ, and Cochabamba (in order of importance). 

The wool produced by the llama contains very fine fibers, probably 
more fine than from the alpaca, but with a coverage of bristly hair that low
ers the quality of their wool. 

The llama also produces meat of excellent quality, richer in proteins and 
energy than from bovine species. One llama weighs 60 kg. and produces after 
removing other materials (bones, skin, etc.) about 30 kg. of meat. The skin is 
of high quality, thin and resistant. A llama can carry up to 75 lbs. of load. 

• Alpaca. In Bolivia abtout .330,000 exist. They are m;:ly concentrated 
in specific areas with "bofedales." These are pr'iries irrigated by permanent 
flows of defrosted waters from the mountains and with short pastures. 

Its fiber or wool is the most internally and externally commercialized. 
Bolivia produces about 300 tons of alpaca fiber. Its meat and skin are of high 

quality. 
The Bolivian law declared these species "in process of being extin

guished," and the national organization called INFOL is responsible for the 
production and conservation of these species by protecting and conserving 
the present nucleus of these animals. 
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0 Vicufia. This wild species lives in the altiplano from Ulla Ulla to 
Lipez. Unfortunately, they were used by bad merchants to make profits and 
now are almost extinct, although they are Bolivia's patrimony. Even with 
special controls in Ulla Ulla, as of June 1981, the population of these species 
is only 2,150. The Bolivian government established park reserves in Ulla 
Ulla, 	Sajaia, Eduardo Avaroa of Lipe:, and Altamachi in Cochabamba for 
their 	conservation. It is necessary to mention Dr. Armando Cardozo as a 
prominent Bolivian scientist who is very knowledgeable about the camelid 
species (South American Camelids). 

PROTECTION AREAS OF THE VICUNAS 

Verified Non Verified 
Census Census Estimated 

No. Denomination I II III 

1. Reserva Nacional de Fauna "Ulla Ulla" 2.150 ...... 

2. 	 Reserva Nacional Lie Fauna "Ed uardo
 
Avaroa" 12 -.- 500
 

3. Area de Proteccidn mauri-Desaguadero 920 312 

4. Area de Protecci6n Larura-Charafia 207 .. ... 

5. Area LieProtecci6n de Anallajchi -.- 72 
6. Area de Procecci6n Alhamachi-Morochata 426 
7. EstaciIn Experimental IePatacamaya 30 . ... 

8. Area de Protecci6n Bel6n-Andamarca 252 ...... 

9. Area tie Protecci6n Chijmuni 28 .... . 

10. Area tIe Protecci6n de Tonave -.- 146 -.

11. Area Lie Protecci6n San Pablo de Lipez -.- 1.132 -.

12. Refugio de Vida Silvestre H-uancaroma 228 - .... 

13. Otras~ireas 	 -.- -.- 1.000 

14. Guanacos-Cordillera de Mochari ...... Pocas 
15. Guanacos-Zona Estancia Perforacidn-Chaco ...... Pocas 

Totals 4.253 1.162 1.5000 

Totals I +11= 5.650 Source: Infol 

Totals I +11+ III = 7.150 
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SOCIO-ECONOMIC ASPECTS 
INTRODUCTION 

An analysis of tile economic behavior of the people in the altiplano 
becomes more complex as the communities of campesinos, towns or microre
gions go through deep changing processes and in different directions depend
ing upon specific factors that will influence them. Density in population, 
closeness to markets, roads for commtnication, and microclime5 are some of 
these factors that differentiate the economic behavior of the campesino family 
into the Aymara world with the rest of the national society. 

In the economic aspect, there are marked differences among these fami
lies specially with the lack of cultivable land. Consequently, it forces to clas
sify the population universe in two stratums: 

a) Influenced area of the Titicaca take, communities that are very close 
and far away from the lake I',lt affected by the microclime of the lake that 
generates major population density. 

b) With less population density, non lacustrian areas or communities 
and towns that are not benefited with better temperatures and more humidi
ty as a result of the evapo-transpiration. 

THE PHYSICAL MEDIA: NON AND LACUSTRIAN AREAS 
The obtained data is the result of a sampling study (Urioste, 1989) that 

covers five provinces of the department of La Paz and constitute the North
ern altiplano that surrounds the Bolivian coast of the Titicaca Lake. Only 
campesino communities that qualify to be typical and characteristic of the 
altiplano were included in the mentioned study. 

Good and critical aspects justified the choice of this region to be stud
iLed. Those aspects mainly were the population density, but most of all their 
socioeconomic specific characteristics and their more and more intense rela
tionship and dependence on the economy of the national market. 

The number of inhabitants in the Northern altiplano, 1,ased on prelimi
nry data, was of 329,166. 

Practically along the coast of the Titicaca lake, are located many 
campesino comnunities forming a kind of over-populated belt in contrast to 
those regions that are little far away. This situation created the two stratums 
for the study. 

Despite the low rate of growing population in Bolivia and mostly in the 
altiplano (Censo de Poblacion y Vivienda 1976), this region is one with the 
highest in the country. 
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EXTENSION, POPULATION AND POPULATION 
DENSITY OF THE AREA OF STUDY 

Population census Number 
Extension 

km2 
1976. Preliminary 

results 
Inhabitants 

km 2 

Camacho 2.80 73,016 35.10 
Omasuyos 2.065 83,621 40.49 

Manco Kapac .367 23,561 64.19 

Los Andes 1.658 62,779 37.86 

Ingavi 5.410 86,189 15.93 

Totals 11.580 329,166 28.42 

Unit of measure: simple density: 38.71 inhabitants per sq. ki. 
Source: Instituto Nacional de Estadistica. 

In the Northern altiplano, the collected data based on questionaires 
show different use of the land: in the lacustrian areas, the population density 
is lower and consequently land use is less intensive. The quality of soils, fre
quency of rain, humidity, and less intense in freezing, increases the demand 
of lands nearby the Titicaca lake. Therefore, there are different and very sig
nificant productive aspects compared to the non lacustrian areas where cul
tivation is less intense. 

The five provinces, cover an extension of 11,580 knis 2 and are 1% of 
the total of the whole country. Although, tile 329,166 inhabitants of tile 
Northern altiplano are equivalent to 7% of the country's population. 

In general, the Northern altiplano based in this study, only 25% of the 
land have some kind of irrigation. Almost half of the cultivated parcels of 
land are located on slopes (45%), and a higher proportion on plains (55%). 

POPULATION SURPLUS 
Approximately 35% of the population of the Northern altiplano, are 

living on the coast of the lake. This means that around 115,208 campesinos 
are beneficiaries of the clime of the Titicaca lake, but at the same time they 
produce a population density of approximately 99.5 inhabitants per square 
kilometer. Now, if we consider that only 10% of the total area of the North-
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ern altiplano corresponds to the one we classified as lacustrian then, 115,208 
campesino farmers only occupy 1,158 km 2 . 

Using the same source of data the relation between man and land in 
non lacustrian areas is very different: there are 213, 958 inhabitants dis
persed on 10,442 kms 2 of land of poor quality in nutrients and dry. The pop
ulation density in this non lacustrian area tf the Northern altiplano is 
approximately 20.5 inhabitants per square kilometer. 

The marked difference on the population density between the non and 
the lacustrian areas explains itself the need to get a universal population 
stratum for a more differentiated anolysis of the productive behaviors depen
dent upon the availability or scarcity of the most important productive fac
tor in agriculture: the land. 

TYPES OF LAND IN THE NORTHERN ALTIPLANO* 
Lacustrian area Non Lacustrian area Total 

No. 9 No. % No. % 

With irrigation 33 27 40 24 73 25 

Without irrigation 89 73 130 76 219 75 

On hillsides 51 43 80 47 131 45 

On plains 69 57 89 53 158 55 

*u martCharts, tie totals do not exactlycoincide with each otier. This is due to some 

unausuweredquestions in the questiotnaires. 

TRADITIONAL CROPS 

The traditional dominant crops in the Northern altiplano are: potato, 
barley, oca, haba, and other less important crops such as quiinua, and in 
some special cases vegetables. The yields of these crops are very low, but a 
lot better from those other regions in the altiplano. A big number of' these 
crops are for hoime eating, which explains the little importance to the econ
omy of the campesino family to commerce with. As we will see ahead, other 
are the productive activities that provide to the campesino famlilies with the 
minimum cash capital. 

A family that has a regular size of land will always plant 'arimtus prod
ucts to assure their basic diet. If they would have bigger, they would select 
one or two products that later they will commerce with them. In the North
ern altiplano, this will not happen, instead they will plant a big variety of 
products mainly to satisfy the diet needs of the family. 
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The following chart shows the distribution of the land based on cultiva
tion. In the lacustrian Northern Altiplano, 32% of the area is with potato 
while in non lacustrian areas 36%. The 96% of the questioned families plant 
potato, and the 4% left correspond to exclusively cattle raising families in 
the province of Ingavi. 

The crops of barley and oats in the non lacustrian area have an impor
tant effect in the general averages of the Northern Altiplano. 43% of the 
total cultivated area is dedicated to barley mainly to feed cattle. In those 
commu,nities away from the lake the average cultivated extension with bar
ley per family is of 0.62 has. while in those lacustrian communities only 0.31 
has. In both regions the number of families that plant barley is less than 
those that plant potato. 85%10 of the campesinos of both regions plant barley 
or oats to feed cattle, and few plant barley as grain. 

In the lacustrian area, the climatological conditions help the cultiva
tion of lima beans with very good yields. 83% of the families plant lima 
beans in an average extension per family of 0.2 1 has. On the other hand, in 
the nonlacustrimn altiplano, only 55% of the families do it in an average 
extension of 0.17 has. 

In relation to the total family cultivation in the lacustrian are, lima 
beans occupy 21% of the total cultivated extension, in the non lacustrian 
only 8%. Quinua presents a similar situation in both regions; 9% of the total 
extension for quinua with 0.22 has. per family, although the number of cases 
are greater at the non lacustrian areas that cuLii'vate this product (only 32% 
in lacustrian areas and 52% in the non lacustrian). 

Onions are cuhlivated using seed beds, the extension iUsed for transplan
tation is really insignificant. More and more this last product is cultivated by 
the campesinos of the Northern Altiplano mainly to trade. 
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CULTIVATED EXTENSION BY PRODUCTS
 

A) LACUSTRIAN AREA 

Potato Barley 
Lima 
Bean Quinua Onion Others Totals 

Number of 
cases (families) 

120 107 103 40 17 75 

Cultivated 
extension (has.) 

34.12 32.91 22.08 9.91 1.00 7.89 107.93 

Average 
cultivated 
extension 

0.29 0.31 0.21 0.25 0.06 0.11 1.22 

Cultivated 
extension 

(% of total) 

32 30 21 9 1 7 100 

B) NON LACUSTRIAN AREAS 

Number of 163 
cases(filnilies) 

146 95 89 16 68 

Cultivated 
extension(has.) 

77.05 91.01 16.50 18.86 1.03 7.81 212.26 

Average 
cultivated 
extension 

0.47 0.62 0.17 0.21 0.06 0.12 1.66 

Cultivated 

extension 

(% of total) 

36 43 8 9 0 4 100 

c) TOTALS 

Numberof 
cases (families) 

283 253 198 129 33 143 

Cultivated 
extension (has.) 

111.19 123.92 38.58 28.77 2.03 15.70 320.19 

Average 
cultivated 
extension 

0.39 0.49 0.19 0.22 0.06 0.11 1.46 

Cultivated 
extension 

(Mof total) 

35 39 I11 9 1 5 100 
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CAMPESINO EMIGRATION 
Where do campesinos of the altiplano temporarily emigrate? 
The proximity to roaids, and other attractive conditions and mainly the 

important economy of th e city of La Pa: makes it the most important center 
of temporal emigration. 77% of the campesinos travel in variable time peri
ods to La Paz. The percentage gives us an idea of the urban influence in the 
campesino activity. 

TEMPORAL EMIGRANTS 

Number 
of emigrants Lacustrian area Non lacustrian area Total 
(persons) NtoCases % Persons NOCases % Persons NOCases % Persons 
One 61 59 61 78 63 78 139 61 139 

Two 24 23 48 34 27 68 58 26 116 

Three 12 12 36 7i 6 21 19 8 57 

to Five 6 6 27 5 4 20 II 5 47 

Total 103 100 172 124 100 187 227 100 1359 

Average -,- -.- 1.7 -... .. 1.5 -.- -.- 1.6 
(number of 
persons) 

Number 121 171 292 1.2 
of inqtiries 

In second place of importance, is the traveling they make to areas of 
colonization, could be Caranavi, Alto Beni and in some cases to more far 
away areas (Chapare, Santa Cruz). Those that move to Yungas or Alto Beni, 
mainly do to work on their Ownj lnd or their relatives', or as labormen. 
Since the agricultural periods of these subtropical zones don't always coin
cide with those from the altiplano, they can combine the cultivation of 
products of different ecological areas. They alternate two productive agricul
tural activities in areas of different clime. 
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MAIN OCCUPATION, EXTENSION, PRODUCTIVE 
TECHNOLOGY AND LEVEL OF INCOME 

The next chart shows these relationships for both the lacuIstrian and 
non lacustrian areas. 

MAIN OCCUPATION, EXTENSION, PRODUCTIVE 
TECHNOLOGY AND LEVEL OF INCOME 

LACUSTRIAN AREA (NUMBER OF CASES AND PERCENTAGE) 

(56%) (7%) (25%) (12%) (100%) 

Agricultural Cattle raising Both Other activities Totals 

NO No Nil NO N o 

Cases , Cases ' o Cases , Cases , Cases "No 

Extensions 
Extenion 1 40 (57) 0 14 (45) 10 (67) 64 (52) 
Extension II 24 (34) 4 57) 12 (39) 4 (27) 44 (36) 
Extension 111 6 (9) 3 (43) 5 (16) 1 (6) 15 (12) 
Totals 70 (100) 7 (100) 31 (100) 15 (100) 124 (100) 

Productive 
Technology 

Traditonal 26 (38) 2 (25) 12 (09) 4 (27) 44 (36) 
In transition 29 (42) 2 (25) 5 (16) 8 (53) 44 (36) 
Non traditionall 14 (20) 4 (50) 14 (45) 3 (20) 35 (28) 
Totals 69 (100) 8 (100) 31 (100) 15 (100) 124 (100) 

Income level 
Level1 43 (61) 2 (25) 5 (16) 2 (13) 52 (42) 
Levelll 23 (33) 5 (63) 18 (58) 5 (33) 51 (41) 
Levelll 4 (6) I (12) 8 (26) 8 (54) 21 (17) 
Toials 70 (100) 8 (100) 31 (100) 15 (100) 124 (100) 
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RELATION OF MAN/DAYS WORKING 
IN AGRICULTURAL ACTIVITIES 
A) LACUSTRIAN AREA 

Lima I 
Potato Barley Bean Quinua Onion Others Totals 

Man/dayssccding 29.6 8.2 13.8 5.3 17.5 12.0 86.4 
Man/days 25.9 18.9 16.8 16.8 18.2 18.2 114.8 
cultural care 

Man/days 29.6 11.4 13.7 8.1 7.4 14.2 84.4 
har-esting 

Total 85.1 38.5 44.3 30.2 43.1 44.4 285.6 
Averae 0.29 0.31 0.21 0.25 0.06 0.11 1.22 
cultivat'lion 

extension 

B) NON LACUSTRIAN AREA 

Lima 
Potato Barley Bean Qui:ua Onion Others Totals 

Man/Jays.kcding 49.4 11.5 9.9 4.8 12.9 12.0 101.0 
Man/days 29.4 28.7 15.4 9.8 16.8 18.9 119.0 
cultural care 

Man/days 60.6 21.4 10.5 1.0 6.7 20.5 126.7 
harvcsting 

Total 139.9 61.1 35.8 21.6 36.4 51.4 346.7 
Average 0.47 0.62 0.17 0.21 0.06 0.12 1.66 
cultivation 

extension 

C) NORTHERN ALTIPLANO 

Lima 
Potato Barley Bean Quinua Onion Othcrs Totals 

Man/days sccding 41.3 10.0 11.0 4.8 17.0 12.0 96.1 
MaN/days 28.0 25.9 16.1 13.3 17.5 18.2 119.0 
culturad care 

lan/days 46.0 16.6 11.8 7.3 6.9 16.8 105.4 
harvesting 

Total 115.3 52.5 38.9 25.4 41.4 47.0 320.5 
Average 0.39 0.49 0.19 0.22 0.06 0.11 1.46 
cultivation 

extension f I 
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5.4 

Relation ofman/days working in agricultural activities,continued 

D) NON LACUSTRIAN AREA 

Lima 
Potato Barley Bean Quinua Onion Others Totals 

Harvest rime 14.1 6.3 3.5 2.5 1.9 


in days
 

NL ofpemons 4.3 3.4 3.0 2.8 3.5 3.8 
working in7 

harvest 

Man/days 60.6 21.4 10.5 7.0 6.7 20.5 126.7
 
in harvest
 

E) TOTAL NORTHERN ALTIPLANO 

Lima 
Potato Barley Bean Quinua Onion Others Totals 

Harvest tine 11.5 5.2 3.7 2.6 2.1 4.9 
in days 

N of persons 4.0 3.2 3.2 2.8 3.3 3.5
 
working in
 

harvest
 

Mlan/days 46.0 16.6 11.8 7.3 6.9 16.8 105.4
 

in harvest
 

IMPORTANT ASPECTS ABOUT THE ECONOMY OF THE 

CAMPESINO OF THE ALTIPLANO 

Based on the presented previous information, following are some impor
tant aspects of the economy of the campesino: 

a. In the Northern altiplano, there are rich and poor campesinos. This 
unequal situation is probably due to muhille factors such as: social level or of 
authority in each community along with the education of each family. The 
current formal and informal education gives to the campesino few instruments 
so that he can reach by his own merits higher levels in his economy. 

There are also other factors tlht are influential such as the size and fer
tility of the soils. 

b. At the border of the Titicaca lake where the population density is 
three times higher than the rest of the Northern altiplano, in general terms 
the families are of older age than those in the non lacustrian areas (there are 
younger). 
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c. From each family in the Northern altiplano, an average of one person 
emigrated definitely. The real size of each family is reduced to five persons. 

d. 36% of the questioned families cultivates the totality of their land as 
owners, meaning that they do not have unused land. They abandoned tile 
practice of land repose. 

e. Independent from definite emigration, an average of 1.2 persons per 
family of the Nortlern altiplano, leaves temporarily the altiplano for periods 
from two weeks to three months. This temporal emigration is more impor
tant in the lacustrian altiplano. 

f. The most important center for temporal emigration is the city of La 
Paz. Less people temporarily go to areas of colonization (Caranavi, Alto 
Beni, Chapare, Santa Cruz) or to Yungas. 

g. The fundamental reasons for temporal emigration are: commerce, 
work, and to visit relatives. When it is for work, their main activities are: 
bricklayer helper, gardener, know how of agricultural activities, load carrier, 
and as servants. 

h. The less advanced or traditional is the used agricultural technology, 
the bigger is the proportion of emigrants that leave the altiplano looking for 
work. 

i. For 13% of the campesinos of the Northern altiplano, the agricultural 
activity, fishing, cattle raising are not the main productive activities. From 
other activities they obtain higher income than from those who dedicate 
exclusively to the agricultural activity. 

j. A family dedicates only three and a half months per year to an intense 
agricultural activity, mainly potato. 

k. The incorporation of marginal lands to family agriculture seems that 
the extreme maximum limits was reached mainly in the lacustrian areas. 
These produces a structural unbalance between men and land with no possi
ble solution in the region. 

I. It is not the Reforma Agraria (Agrarian Reform) that created the 
structural unbalance, but the growing population. Land isa fixed factor and 
scarce while the population increases at a very fast rate. 

m. The use of relatively modern technology isfor potato cultivation and 
almost none for other products. Almost half of the campesinos are in the 
traditional technological level considering the rest of the crops of the area. 

n. Cattle raising is a complement to the agricultural subsistence; few are 
the families that do not raise some animals. Cattle constitutes a way of sav
ings and an assurance for those years of bad harvest. 

o. In those economic units with very small parcels of land, it seems that 
they are in the typical phase of decreasing yields. The average productivity 
for the work in these cases, isvery low. 
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p. The typical dispersion of the cultivation in various lots not only 
responds to the equal distribution of the land in different ecological belts, 
but to a rationalized eConoi, , that prevents them from tile dangers and dis
advantages of an extensive productive activity and therefore closely tied to 
the market. 

q. Families with high education level commercialize a big part of their 
products. ".ilc those of a loVer level consume theirs in very high propor
tions. 

r. 34"//, of the questioned campesinos from the Northern altiplano,
 
assure that the most profitable productive activity is not the combined culti
vation and animals activity. They get the most important part of their
 
income via other sources.
 

s. It is estimated that the yearly gross income per capita is of $us. 269.
 
Families from lacustrian areas have more money than those non lacustrians.
 

SOME PROPOSED IDEAS ABOUT THE WORK 
TO BE DONE IN THE BOLIVIAN ALTIPLANO 

The proposed ideas for the Bolivian Altiplano consists in a series of stig
gestions that are the result of an analysis of what was exposed preViously. 
Some considerations abmit the socioeconmlic factors that showy the 
caipesino's resources, way of life that only are some indicators for orientation. 

Following are the proposed su~ggestions for the Bolivian Altiplano pre
sented and rounded to gross themes: 

0 The main problem to solve is how to revert the deterioration of tile 
soils and the resource water, promoting an increment of the agricultural 
activity, and of the income of the campesinos from the Altiplano. 

Itis known that there exists an extensive erosion on the soils, neverthe
less, the nature and extension of it is not well documented. It is not clear 
about how much of the erosion is to be blamed on geological processes and 
how much is induced by men. 

Research and analysis is necessary to determine the reasons and the 
extension of this erosion, as well as to determine what to dt to prevent and 
face the problem, urgent priorities and immediate actions. 

0 Other reasons for the degradation and erosion of the Altiplano is 
caused by the use of manure and wood, particularly thol used for energy. 
There are no studies that estimate thC cost of opportunity of manure as a fer
tili:er versus thOla and other vegetation for combuLstion energy. 
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0 Another reason for erosion in the Altiplano isthat there is no adecu
ated watershed management, in a way to control the overgrazing activity of 
ovines, cattle and camelids, and also to control the loss of soils and water. 

I Away from this serious degradation problem of the resources of the 
Altiplano, there is a reason to believe that some of these resources are over 
utilized where they could lie more productive vith appropriate technology 
and supporting services. 

There are methods to control pastures, crops rotation, management of 
pastures, small irrigatitn and drainage project, increase the productivity 
with conservation of water and use of adecuatedthe fertilizers, and the 
increase of cattle raising production. 

E A financial investment, for research on agricultural and cattle raising 
activity for the Altiplano, is indispensable in order to provide the campesino 
the opportunity to face its limitations in production. 

• It is important and necessary to do an Institutional Analysis to deter
mine the impact of the actions of the so many public, private, national and 
international organizations working in the Altiplano. There are dispersed 
technical and economical efforts by them, but without any real benefit for 
the campesinos. 

0 It is mandatory to do an Agroecological Zoning of the Altiplano 
where technically is to be determined which areas are potentially appropri
ate for agricultural production, which for pasture production, which areas 
would be susceptible for extensive forestation, and which to be maintained 
under protection. This way, it could be done a territorial ordering which will 
give clues for a distinct distribution of the land based in demographic factors 
about the demand and land capability. 

0 The recapturing of the traditional technologies that were in effect for 
ages, for example the use of camellones for water handling, soils, and cultiva
tion, which were totally optimum in the improvement of the micro-environ
ment, diminishing the freezing effects thanks to the thermo regulator aspect 
of existent water in those channels, conserving the humidity and water in 
those channels and renovating the fertility with the concentration of organ
ic materials. 

M A final recommendation: for the Altiplano, high priority should be 
given to identify options and priorities on investment to manage soil and 
the load capacity, crcating scenarios for the future based on different options 
related to erosion, land capability and its relation to the growing population 
and migration. 

Agroecological characterization of the Bolivian Altiplano 163 



BIBLIOGRAPHY 
Ahlfeld, Branisa, L.; 1960. Geologfa de Bolivia. La Paz-Bolivia. 

Araca Quispe, R.; 1987. Universidad del Altiplano. Los Waru-Waru. Puno-
Per6. 

Beek, K.J.;1978. Land Evaluation for Agricultural Development-Wagenin
gen, The Netherlands. 

Cochrane, T.; 1973. Mapa Sistema de Tierras. La Paz-Bolivia. 

CUMAT, 1985. Manual de Levantamientos Semidetallados de Clasificaci6n 
y Metodoligfa de la Capacidad de Uso Mayor de la Tierra. La Paz-Bolivia. 

CUMAT, 1987. Clasificaci6n de Uso Mayor de la Tierra. Regi6n Acha
cachi. La Paz-Bolivia. 

GEOBOL, 1978. Mapa Geol6gico de Bolivia. La Paz-Bolivia. 

Holdridge, L.R. y Tosi, J.A.; 1975. Ecologfa Basado en Zonas de Vida. San 
Jos6-Costa Rica. 

Lara Rico, Raul; 1988. Estado Actual de las Especies con Necesidades de 
Protecci6n en la Flora de Bolivia-CUMAT. La Paz. 6 p. 

Montes de Oca, I.; 1989. Geograffa y Recursos Naturales de Bolivia. La Paz-
Bolivia. 

Quiroga, J.C.; 1984. Estudio de los Recursos Naturales del Corredor Central 
de Desarrollo. La Paz-Bolivia. 

Tosi, Jr. J.; 1975. Mapa Ecol6gico de Bolivia. La Paz-Bolivia. 

Tosi, Jr. J.; 1981. Una Clasificaci6n y Metodologfa para la Determinaci6n y 
Levantarniento de Mapas de la Capacidad de Uso Mayor de la Tierra. San 
Jos6-Costa Rica. 

Urioste, M., 1989. CEDLA: La Economfa del Campesino AltiplAnico en 
1976. 

164 Ouiroga 



CHAPTER 7 

Overview of Small Ruminant Research 
inthe Bolivian Andean Zone 

Humberto Alz&reca Angelo
 
Bolivian Institute Of Agriculture Technology
 

BOLIVIA ANDEAN ZONE AGRO-ECOSYSTEMS 
The Bolivian andean zone is located to the west and southwest of tile 

country and has an area of 292,952 kin 2 , equal to 26.6% of the total of 
1,098,581 km 2 (Table 1). 

The Puna-high mountains and the tableland (altiplano)-represent 
84.1% (246,253 kn 2 ) of the total and the remaining 15.9% (46,699 kmi2 ) is 
intermiontane valleys and a low mountain chain. Eighty percent (3.6 inil
lion) of the country's population is located in the Andean Zone (Map 1). 

TABLE 1. BOLIVIAN ANDEAN ZONE IN KM 2 

Total 

High Andes and the tableland (P',1) ....................... 246,253.0 

%................................................................................. 84 .1 

Valleys and low mountalin chails .............................. 46,699.0
 

, ............................................. ................................... 15 .9
 

Total .................................................................... 292,952.0
 

Source: Al:-rreca, 1990 

This area contains the following large agroecosystems (Map 2): 
" Seinihumid high andes, no cultivation 
" Semiarid and arid high andes 
" Seinihtunid tableland (altiplano) 
" Seniarid and arid tableland (altiplano) 
" Semiarid and seiihtumid valleys and mountains 
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PRINCIPAL CLIMATIC ECOLOGICAL REGIONS 
CHARACTERISTICS OF THE BOLIVIAN ANDEAN ZONE 
(The ecoregion ideneification number of Table 2. matches Map 2.) 

TABLE 2. PRINCIPAL CLIMATIC CHARACTERISTICS
 
OF THE ECOLOGICAL REGIONS OF THE BOLIVIAN
 
ANDEAN ZONE (RANGES) 

Ecoregion Temper. 
°C 

Precipita. 
mm 

Altitude 
m.s.n.m 

Principal 
activity 

Humid months 
Semihumid high andes 2.5-10 550-1.200 4,100 Camelids 
No. 12 in Map 2. 6-7 5,000 Sheep 

3,000 Cattle 
Semiarid and arid 
high andes 
No. 11 en Map 2. 

2.5-10 100-500 
1-5 

4,100 
5,000 
3,000 

Camelid 
Sheep 
Cattle 

Semihumid tableland 
(altiplano) 
No. 8 in Map 2. 

6-10 520-650 
6-7 

3,810 
4,100 

Agriculture 
Cattle 
Sheep 

Semiarid and arid 
tableland (atiplano) 
No. 9 in Map 2. 

2.5-10 300-400 
1-5 

3,660 
4,100 

Sheep 
Agriculture 
Camelids 

Cattle 
Semiarid and semihumid 
valleys and mountains 
No. 7 in Map 2. 

10-17 320-1,200 
1-7 

2,000 
3,000 

Agriculture 
Sheep 
Goat 

Cattle 

FORAGE RESOURCES 

THE RANGELAND 

General characteristics 
Animal production in the Bolivian Andes is based on the alimentation 

of forage resources provided by rangelands. It is estimated that more than 
98% of the forage comes from rangelands. The difference is provided by agri
cultural byproducts, weeds, cultivated annual and perennial forag crops, 
and others. 

Table 3 presents condensed data on the sources of forage for the Boli
vian Andean zone. 
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TABLE 3. USE OF LAND AS A SOURCE 
OF FORAGE RESOURCES 

Andean zone Canapa* Pastures** Annuals*** Other 
km2 km 2 km2 km2 km2 

Km2 292,952 241,832 281.7 975.0 49,863 
1100.0 82.55 0.096 0.403 17.0 

*Canapa = Rangeland (Campo Nativo de Pastoreo&. 

**Pastures, mainly ala
 

***Annual cultivated fi)rages, mainly barley
 

Because of the evident importance of the rangeland area in the Bolivian 
Andean zone, Table 4 presents additional information at the departmental 
level. 

TABLE 4. RANGELAND AREA OF THE BOLIVIAN 
ANDEAN ZONE BY DEPARTMENTS IN KM2 

Altiplano and high Andes 

Potosi La Paz Oruro Cochaba. Chuquisa. Tarija Total 

Range 88991.0 40689.0 47465.0 12342.0 9696.0 2741.0 201924.0 

% 44.1 20.2 23.5 6.1 4.8 1.4 00.0 

Valleys and mountains 

Potosi La Paz Oruro Cochaba. Chuquisa. Tarija Total 

Range 6918.0 924.0 0.0 9242.0 19939.0 2885.0 39908.0 

% 17.3 2.3 0.0 23.2 50.2 7.2 00.0 

T. Range 95909.0 41613.0 47465.0 21584.0 29635.0 5626.0 241832.0 

% 39.7 17.2 19.6 8.9 12.3 2.3 100.0 

Source: Al:,2rreca, 1990 
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The Potosf Department has the most rangeland area with 39.7% 
(95,909 kin2 ), and Tarija the least with only 2.3% (5,626 kin2 ). 

Table 5. shows some important range types and the dominant species. 

TABLE 5. PRINCIPAL RANGE SITES 
OF THE BOLIVIAN ANDEAN ZONE 

RANGE TYPE IMPORTANT SPECIES 
1. Bofedales: Distichia muscoides, C)xichloc andina, Plantago, tuhLusa, Carex sp,
 

Ranunculus spp, Calamagrostis spp, Poa spp, Juncus spp.
 

2. Chillihuares: FestLICa dolIc hoph Ila,Lachemilla spp., TrifoIlim amahile. 

3. Pajonales de lru ichu: Festuca ortophyla, Stipa spp. y Calamagrostis spp. 

4. Tholares: Parasthrephia spp., Baccharis .pp,Senecio spp., Adesmia spp. 

5. Pajonales de Ichu: Stipa ichu, Stipa spp. Ercdium cictiarium,, Aristida sp. 

6. Tholar-pajonal: Parasthrephia spp, Baccharis spp, Festuca, spp, Stipa spp. 
y Nasulla sp. 

7. 	Matorrales de Polylepis: Polylepis tomentella, P. trapacana, Stipa ssp. 
y Festuca spp. 

8. Pajonales de Khefia: Calamagrostis vicunarumn, C. curvula, C. heterophylla 

9. Gramadales: Distichlis humilis, Muhlenbergia fastigiala 

10. Arbustales de Kauchi: Suaeda fi0iosa, Airiplex spp. Salicornia peruviana. 

LIMITATIONS AND ADVANTAGES 

OF THE ANDEAN RANGELAND 

NEGATIVE FACTORS: 

* Natural. 
V Natural low production potential in the majority of the range sites 
/ Climatic and edaphic production limitations for introduced forage ,pecies 

6/ Seasonal production 

V Dry-season low nutritive forage value 

'A Anthropic. 
V Overgra:ing: specific and scattered data indicate that overgrazing 

could be general. 

V Itinerant Agriculture 
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V Use of the shrub and grass vegetation for fuel, construction, and uncon
trolled burning of the range 

V Danger of extinction of native forage plants (decreasers) 

POSITIVE FACTORS: 
V The extensive rangeland area 
V The admirable adaptation of native plants and their capacity to adapt to 

the extreme edaphic and climatic highland constraints 
V The presence, even sporadic, of high quality native forage 
" The high recuperation potential of some rangelands 
" The avaiability, not very well evaluated yet, of surface and underground 

water resources for range irrigation. 
" The traditional range icieice knowledge that camnesinos have could be 

important for improving range management. 

" The rustic quality of camelids and criollo sheep, goats, and cattle, and 
their adaptation to a difficult situation that allows for flexibility in identi
fying management range systems with low technological inputs. 

ECOLOGICAL CONDITION OF THE RANGELAND 
The overgrazing of the rangeland is all evident phenomenon but is not 

a consequence, as is generally assumed, of snall andean farmers tile lack of 
knowledge. In fact, it is a result of a conplex mixture of exogenous factors to 
the nature of the rangeland that have to do with land tenure, population 
growth, and dynamics (Lelaron 1979). The lack of infoirmation about range 
conditions and trends prevent itgenerali:ation of the matlnitude of range 
overgrazzing, but some data show that this can be the situation (Table 6). 

In addition to overgrazing, there is extensive over-cropping that has 
depleted the natural soil fertility, especially nitrogen and phosphorus. Use 
of dung and wood from tholabushes, utili:atio:- of other vegetation resources 
for fuel, and construction onta large scale have contributed to soil erosion 
and itdecrease in soil fertility. Under these conditions even ninor amounts 
of rainfall run off the surface soil, and the result is iserious erosion problem. 
It is estimated that more than 30 million ha could be affected by erosion in 
the altiplano and valley regions (Map 3). 

Overview of the small ruminant research inthe Bolivian Andean zone 171 



TABLE 6. COMPARISON BETWEEN STOCKING RATE 

AND CARRYING CAPACITY IN SOME RANGELANDS 

OF THE BOLIVIAN HIGHLANDS* 

Stocking rate Carvying 
Ecoregion and condition capacity Balance Source 

Semiarid 0.45 U.O.(Por) 3.8 U.0. 3.35 U.O. Cardoi, y 
Tableland Riera, 1972 

Semiarid 2.00 U.O.(Good) 4.8 U.O. -2.00 U.0 Bellour, 
Tableland 1980 

Arid 0.3C U.LI..(Poor) 0.48 U.LIL. -0.18 U.L,. Al:&reca 
Tableland e l:co, 1987 

High Andes 0.90 U.AL. 3.06 U.AL -2.15 U.AL. La Fuente 
Subhumid et i1., 1987 

* EStahatCd data of specific .Sttdics. 

U.O. = Sheep ulnit; U 11 = Llama .,oi; U.AL.= Alpaca unit. 

Source: AI:6rreca, 198. 
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It is estimated that only about 2% (2,038 kin2) of the native rangeland 
located over 2,000 i. above sea level were evaluated and classified (Table 7). 

TABLE 7. CONDITION AND AREA 

OF THE EVALUATED RANGELANDS UP UNTIL 1990 

Grazing area 
Condition Range sites ha* % 

Excellent 2,17 1,857 0.8 

Good 5,12,13,14,15,2 73,973 33.2 

Regular 11,6 1,431 0.6 

Poor 1, 3,4,7,8,9,10,16, 18 144,295 64.9 

Very poor 9 1,155 0.5 

Total 222,714 100.0 

I=pajonal Lie Stipa spp. 8=pajomal d.- Stipa ichu 

2=liajoill Lie Festuca dolichophylla 9=arhustal Lie Tetraglochin 

3=tholar Lie Parastrephia 10=paj. Festuca orthophylla 

4=arbustal tie Frankenia I I=pradera die Bronius unioloides 

5=Muhlenbergia y Distichlis 12=pradera en descMso 

6=Parastrephia yMublen ergia 13 =lpr dera inutudad i:a 

7=arlustal tie Pa ratrephia 14=Fest uca orthophylla ygramas 

15= bofcdal Lie Caiamagrostis 16=1Festuca ort. y Parastrephia 

7=hofcdal altoandino 18=gralMadal Lie Achiane 

Good conditions represent 33.2%, and poor range conditions are the 
most Commo1lnon, with 64.9%. 

In general in the tableland and valleys, the main environmental issue is 
how to reverse the deterioration of land and water resources and at the same 
time promote growth in agricultural output and increase income of subsis
tence armers. 

The c,mclusion about range conditions will be that highland range is 
actually producing tir below its natural potential. There is serioLs evidence of 
range degradation. Nevertheless, there are still native and adapted forage ger
moplams that cani be used for range revegetation and for forage prodtuction. 
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CULTIVATED FORAGE RESOURCES 

Cultivated forages in the highlands and valleys are of little importance, 
because of different limiting factors such as: lack of irrigation, limited avail
ability of agricultural land for forage production and edaphic and climatic 
constraints. The principal sources of cultivated forage are as follows: 

TABLE 8. SOURCES OF CULTIVATED FORAGE 
RESOURCES - ANDEAN ZONE 

Highland Production 
Sources ha Valley Total ton/D.M. 

Stubble 86,942 347,724 434,666 1'746,013 * 

Alfa 14,525 10,162 24,687 98,748 

Barley 59,993 15,652 75,645 163,564 

Oats 13,090 .3,430 16,;20 55,342 

Corn - 5,300 5,300 84,800 

Total 174,550 382,268 556,818 2' 148,467 

31.34 68.65 100 

•Estimated or alldeall crops 

Source: Al:&reca, 1990 

By extension and production the most important source of forage, even 
of low quality, are the stubble, 81.2% (1,746,013 ton/D.M.), which in this 
case came fro- :ultivated potatoes, quinua, beans, barley grain, corn grain, 
cafiahua and other less important andean crops. The major part of the 
?4,A 7 ha of alfa and the 5,300 of forage corn are produced under irrigation. 
On the other hand, most of the 92,126 ha of annual forage crops are pro
duced under dry (rain-fed) farming. Almost all this forage production comes 
from the agropastoral production systerms of small holder farmers. 

It is clear that the potential of alfa and tfraIge corn production depends 
on the availability of new areas under irrigation or on favorable rainfall. 
Actually, the growing rate Of cultivated area with alfa is about 1,427 ha 
annually, and only 377 ha for foroge corn (Table 9). 
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A modest annual increment is reported for oats and barley; with good 
production in favorable years and low yields in bad years, such as the severe 
drought in 1983-84. The farmer's preference to grow grain barley for the 
beer industry and for consumption also influences the increment of barley 
forage cultivated area. The area cultivated with other introduced perennial 
forages is very low and restricted to irrigated and stubhumid Zones. 

TABLE 9. CULTIVATED FORAGE 
PRODUCTION TENDENCY 1980-1988 

Alfa Oat Barley Forage corn 
Year ha t/ha ha t/ha ha t/ha ha t/ha 

1980 1 15330 19.4 2075 11.9 66325 2.8 1900 39.9 

1981 16350 19.5 2000 8.6 65615 2.7 4005 24.8 

1982 16311 19.6 11740 4.5 62260 2.7 4240 26.9 

1983 15147 11.4 16500 3.3 75645 2.1 2200 14.5 

1984 24 (85 8.0 6358 2.7 42397 1.9 3200 14.6 

1985 27735 7.9 6770 2.5 67330 2.1 4955 11.9 

1986 28440 7.1 6800 2.2 69950 2.2 5000 14.0 

1987 27680 7.4 6880 2.2 74840 2.5 5200 15.0 

1988 28175 7.6 7150 2.3 79300 2.5 5300 16.0 

Source: Office of Statistics, MACA, 1989. 

With reference to yields, it can be observed that oats cu!tivated in dry 
conditions were more affected by drought than the barley. This is a result of 
the higher water requirements of oats in relation to barley and is an indica
tor of why the barley is widely used in Bolivian highlMd agropastoral sys
tems of the semiarid and arid climatic zones. 
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SEASONAL OFFFR OF FORAGE 

The marked seasonality of the rainy season also defines a seasonality of 
the supply of forage and the characteristic of animnal Production in two dif
ferent typical periods: the weight-gaining period during the rainy season '. 
4 months) and the weight-loss period during the long dry season (8-9 
months). The seasonal variation in the amount of the forage depends upon 
the types of rangeland. 

In this case farmers have develpcd some strategies to overcame the sit
uation, such as the following: 
1) Reserving range segments for grazing during the dry season; the forage 

quality in dry ranges; is very low under this conservation system; the 
opposite occurs in irrigated ranges (Bofedales). 

2) Forage conservation practices suchI as hay, using as source of forage pri
marily barley, oat, weeds, and agricultural by-products. Silage is partially 
utilized in a few medium- and large-sized milk cow farns. Hay utilization 
is mainly for milk and work cattle, followed by sheep, burros, goats, and, 
to a small degree, camelids. 

During October and November, the feeding situation becomes critical, 
and it is quite common in this period to notice increased animal mortality 
because of starvation and related problems. 

In conclusiotn, on an alnual basis it can be said that the animal feeding 
is deficient and constitutes an important limiting factor for the development 
of animal production in the andean zone of Bolivia. Aninmial health practices 
or genetic improvements in the herd are not relevant if animals are mal
nourished. Research is urgently needed in this direction. 
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ANIMAL RESOURCES 
As we can see in Table 10, almost all of the sheep, caielid, and goat 

population are located in the andean zone. 

TABLE 10. ANIMAL POPULATION OF THE ANDEAN ZONE 

Highland 

Department Cattle 


Oruro 49,037 


La Pa: i98,900 


Potosi 48,048 


Cochal. 37,102 


Others 124,370 


Total 457,493 


Department Cattle 

La Pa: 9,240 

Potosi 69,180 

Cochab. 92,420 

Chuquis. 199,390 

Tarija 28,850 

Total 399,080 

Andes 856,573 

Bolivia 5,515,100 

Sheep 

1,949,586 

2,263,487 

1,009,742 

275,891 

5,498,706 

Llama 

7,39,823 

426,034 

819,029 

37,240 

443 

2,022,569 

Valley and mountain 

Sheep Llama 

49,896 -

368,172 -

499,068 -

1,068,468 -

155,7Q0 -

2,141,394 -

7,640,100 2,022,569 


7,803,600 2,022,569 


Alpaca Goat 

86,040 

233,138 

1,009 

4,139 

10 

324,336 

Alpaca Goat 

- 26,200 

- 963,000 

- 93,400 

- 500,500 

- 90,900 

- 1,974,000 

324,336 1,974,000 

324,336 2,190,700 

Source: USAID/Bolivia Mission, 1988. 
Office of Statistics, MACA, 1985. 
Rodriguez yCardo:o, 1989. 
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The cattle population belongs to the local andean criollo brand, an eco
type that is adapted to poor forage and management conditions. Small rumi
nants, sheep, and goats are also of the criollo brand. It is estimated that only 
5% of the sheep herd has been improved mainly by crossbreeding with Cor
riedale sheep. 

In the market, sheep meat (Table 11) has a better price than camelid 
meat as a consequence of some legal, social, sanitary, and cultural factors 
that are not favorable to llama meat marketing. Goats are reported to pro
v'ide 1,888 ton/year of meat. 

TABLE 11. MEAT PRODUCTION 
OF THE BOLIVIAN ANDEAN ZONE 
References Sheep Cattle Llamas Alpacas 

Population 7,640,100 856,573 2,022,569 324,336 

Extraction % 22.0 18.7 10.0-21.6 10.0-16.8 

Extraction No. 1,680,822 160,198 100,000 16,217 

Yield kg. 7.1 165.0 32.9 23.0 

Production ton. 11,934 26,433 3,290 373 

Source: Rodrigue: yCardoZo, 1989; Office of Statistics, MACA, 1985 

The llama population sheared annually for wool production is very low, 
even if the length of the fiber is appropriate for shearing. In sheep the 
sheared population is higher than in llama, and in alpaca it is much higher 
than in either llama or sheep. This situation has to do with the dynamics of 
the wool market and ilpaca wool quality (Table 12). 

TABLE 12. WOOL PRODUCTION OF SMALL RUM!NANTS 
References Sheep Llamas A lpacas 

Sheared populat. 2,139,228.0 404,514.0 113,518.0 

, 28.0 20.0 35.0 

Yield kg. 0.9 1.0 1.8 

Production t. 1,925(173) ** 404.0 204.0 
*Sheared an ima ls arually **Improved aniimals 
Source: Rodrigue: yCardo:o, 1989; Office of Statistics, IACA, 1985 
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In sheep and llama the quality of the wool is low because of the high 
presence of medullated fibre (hair) product that is not accepted by the wool 
industry. Once the medt llated fiber of llama wool is eliminated, tile result
ing product is comparable ill quality to Alpaca wool (Table 12). 

.n the fleece color, the llama and alpaca present some variability. In 
alpaca, as demanded by the wool ma.rket, 91.6% of animals are pure color; the 
dolinant color is brown, with 32.0%, while black has 23.0% of the total pop
ulation. In llamias the proportion of spotted fleeces is higher than in alpaca. 

The above situation suggests a need for research on genetic improve
ment and selection in alpaca, llama, and sheep wool by quality, color, and 

productiol. 
On population dynamics, tile data are diverse, but in general there is 

agreement that the population has been growing stead'.y since 1983-84, 
years in Which the animal population went doVn because of the lack of for
age and water, due to a severe drought. 

Other animal species of minor interest, but present in the agropastoral 
production systems of the small holder farmers, are pork, poultry, rabbit, and 
guinea pig. All of them are bred with traditional technology. 

RESEARCH
 
IN ANIMAL PRODUCTION 

In general the producers have a mixed animal exploitation in order to uti
li:e all tile available forage resources (complementary and competitive grazing 
is collllon), LIndbecause the animials are also a rural savings bank for small 
farmers. In addition, tile anilmals supplement agricultu~re in yeais with drought 
or severe frost. This is a common phenomenon in tile Bolivian highlands. 

It can be said that the major part of the Bolivian highland ecosystems is 
suited for animal production and not for agriculture. Usually a typical family 
owns in order of importance: one or two oxen, a cow, 15 to 30 sheep, a burro 
as a pack animal, one or two pigs, some chickens, and a few rabbits. If we go 
to tile high andes and marginal areas, included in the inventory are some 
llalmas in dry rangeland and alpaca in humid environments. 

SHEEP 
The criollo sheep breed in the experimental station has superior 

Zootechnical indices over the ones rmised on farms. This situation is an indi
cator that improvements in production are dIme to better management and 
feeding. For this reason it can be said that there exists an t'nutiliZed poten
tial for the increase of criollo sheep production. This conclusion is especially 
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interesting for poor range conditions where improved breeds or crossbreed
ing have low possibilities of good perforimance. 

The introduction of new sheep breeds, e.ipecially Corriedale, made an 
important contribution to raising the productiX'e indices, as can be seen in 
Table 13. But when the improvement program does not include a strong 
effort to develop additional sources of forage and improve nianagenent, usu
ally the programs fail. There are several examples of this situation scattered 
through out the andean region. 

TABLE 13. PRODUCTION INDICES OF CRIOLLO 
AND CORRIEDALE SHEEP UNDEI 

DIFFERENT MANAGEMENT CONDITIONS 

Criollo Corriedale 
Character Country R.Station R. Station 

Fertility % 50.0 80.6 66.6 

Prolificity % - 101.0 10.0 

Offspring lorrality % 21.7 8.8 15.9 

Weaning weight kg - 18.3 18.5 

Winning weight g/day - 131.0 136.0 

Adult weight kg 20.0 22.9-25.5 42.9 

Fleece weight kg 0.5-0.8 1.4 2.9-3.1-3.2 

Fleece yield ',% - 67.4 60.9 

Fiber length cm 4.6 7.2 6.0-7.9 

Fineness counts 60.0 54.0 58.0 

Canal weight kg 7.0-10.0 9.0-11.5 21.0 

Adult ,nort- ity % 15.0 - --

Source: Rodrigue", 1985., ("aido:o, 1970. 

The mortality coefficient of lambs and adlts of introduced sheep is 
superior to the criollo sheep under the same management conditions. Fleece 
length is less in Criollo than in Corriedale sheep, but in fineness the situa
tion is the reverse. 
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Research on sheep has bee3i conducted since 1950 in the Beleh, Pataca
maya, and Chinoli Experimental Stations. Some of the outstanding research 
result, in sheep are as follows (Rodriguez, 1981): 

1 Reproduction 
lfiigUt . et al. (1974) pointed out a greater production stability it!Cor

rIedal., sheep than in other introduced breeds, because the Corriedale 
breed-at least at the Experimental Station level-is the introduced animal 
that adapted best. 

Choque er al. (1974) pointed out that there is no difference in birth 
weight among Corriedae, Targhee, and Ramboullet sheep breeds. On the 
other hand, the percentage of surviving lambs was superior in Corriedale. 
Chunmacero (1977) reported significant differences in different lambing sea
sons in birth %%eights,weaning survival, and weight gain between Corriedale 
and Targhee breeds; the March to May period was superior. 

Under altiplano agrocI:,niuic C'(Iditio!ns there are two lambing periods 
at the farm level: June-August and December-January. Under controlled 
conditions the fertility of Corriedale and Targhee were compared for these 
two mentioned periods; the result showed greater Corriedale sheep fertility 
for the winter lambing period. 

During the dry season (June-Decenber), criollo sheep were more sexu
ally active (P>0.01) than introduced sheep. Anestri was not detected in 
either group. For interestrual intervals and number of services during the 
year, there were no differences between groups. Finally, two periods of sexual 
activity were determined: June to December revealed minimum sexual 
activity, and December to May showed maxilum. 

In other studies, the effects of weight in the ovulation rate of Corriedale 
(high body volume) and Criollo (low body volume) were compared. The 
animals were divided into groups that were receiving high and 10w levels of 
protein. The result showed that in both groups high protein stpplements 
induce a greater presence of estru,- (80'X) and 90%) and as a consequence a 
greater number of ovulations per animal. On the other hand, sheep under 
traditional grazing systems and with low protein levels showed low sexual 
activity throughout the year. At the same time, it was demonstrated that 
sheep with higher body weights require higher supplemental levels of pro
tein to maximize fertility. 

U Aliinentation 
Feeding research was done using Corriedale, Targhee, Criollo, and 

Criollo/Corriedale sheep. The animals were provided the same fat regime 
which have to do with grazing and supplemental food. The result shows sim
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ilar weight increments for introduced and half-breeds; but the Criollo show 
inferior weight gains, and its performance was not adequate under this fat 
system (P<0.0 1). 

N Animal health 
Rodriguez (1982) reports the results of a study of sarnic infestation in 

two zones of the central altiplano. 
The following parasites were identified: Psaroptescommunis, Sarcoptes 

scabieri, Melophagus m'inos, and Bvicola ovis; the first one was mIost aIn
dant. It was determined that there was greater infestation under mountalin
ous conditions than in tableland conditions (P<0.01 ). The dry seasons are 
more favorable for external parasites (P<0.0 I). 

In another study, in order to determine lethal dosages and to identify 
the critical growth period, criollo sheep were fed rations containing 0, 5, 10 
and 15% of the toxen Astragalus garbancillo. After 40 days the animals did 
not show any symptoms of intoxication, while the results showed a slight 
weight increment (85 and 91 g/day) (Riera 1964, cited by Rodriguez 1981). 
These resultts were expected, beciluse criollo sheep have a long history of 
small antmunts of Astragalus consuLptiol and probably have developed a 
tolerance to tile toxic ingredients of this plant. With introduced animals or 
criollo sheep from zones free of Astragalus, the results could be different. 

• Genetics 
Studies of henmoglobin show a higher frequency of an allele that con

trols hemoglobin type (B) in Corrieclale sheep than in other introduced 
sheep breeds. The carrier individuals of this kind of hemoglobin seem to 

have greater fertility and more surviving lambs than the other breeds. These 
data are an indicator of the greater adaptative advantage of the Corriedale 
sheep than tile altiplano than the other introduced sheep. 

In studies about heredity and the environment, it has been reported 
that the genetic heredity is masked by the environmental effects. A greater 
adaptative flexibility is reported for Corriedale sheep, which can be in the 
physiological adaptatiOn process to the restrictive highland agroecological 

conditions. 
Another study, intended to determine the correlation coefficients 

between different production parameters, shows that birth weights are high
ly correlated witb sheep mating weight for Corriedale and Rambouillht 
sheep. Ramboulliet 1-eep do not show a stable association for birth weight 
and weaning weight. Fleece weight and fiber lengths were positively corre
lated for Corriedale and Ramboullet sheep, but not for the Thargee breed. 
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CAMELIDS 
Low camelid fertility rates reported at the farn level (35-45%) are indi-

Cators of deficiencies in one or more production factors. But this reproduc
ti'e capacity is seriously affectei by post-fertilization factors such as 
abortions, malnutrition in offspring and mothers, and deficient sanitary care 
(Table 14). 

TABLE 14. SOME CAMELIDS BIOECONOMICAL 

PRODUCTION COEFFICIENTS 

Character 


Fertility ' 


Of-tpring mortality " 


Weaning weight kg 


Winning weight g/day 


Aidult w%'cight kg 


Fleece weight kg 


Yield " 


Fleece length cm 


Fineness conts 


Canal weight kg 


Adult mortality 'Ni 


Mud kg/freh/diiy 


Llama Alpaca 
Farm Expe. C. Farm Expe. C. 

35-45 61-70 35-41 66 

26-30 6.5 32 25 

-- 53.9 -- 28 

- 181.0 - 120 

70-75 84.1 - 55 

1-0.7 1.1-1.2 1.1-1.2 1.8 

- 80.0 - -

- 8.3 6.3 8.9 

- 53.2 - -

35.0 25.0 -

3.0 - .0 -

0.65 - - -

Sourcc: Rodriguez, 1985., Al:Urreca, 1988. 

The high alpaca oflspring mormlity is mostly a consequence of entero
toxemllia, beciuse ofldefici,.nt management. 

Rec:m, research reports in nutrition, such as San Martfin and Bryant 
(1987) at', Cardo:o (1989), confirm the general hypothesis that llamas have a 
greater digestioin capacity than the other dumestic andean ruminants and tha1t 
this difference is increasing along with increases in the quality of the diet. 
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The ramifications of this conclusitm are of interest tr guiding research in 
feeding and gra:ing of canelids. Soi l thet i Ilicoti lns culd be as thollows: 
V Greater productivity than sheep and cattlC 
V Complementary gra:mg, catte-Ialpaca, catt I,-sheep
 

V Cmi .,t itil e gra:ing, I mim-s,hep
 
V Rang, rectiperat ion based on camielid gr:ing
 
V 	Greater piossibilit ie ofst.rviving under st ress conditio ns, such as drought, 

for example 
V 	Camdlid w0t I rcC'iv higher prices Ihan pCCwool 

Disadvantages: 
V' Low aia'lability of Ilaniu production techuology
 
V Low dmind tor cinmelid meat
 
V Gra:ing mnmnale nt prolm, because of the tract joninIg of rangeand
 

and lan1d tinure priblems 

Qm,e of the Mtore irnpoirtant cami.eld, research conclhsions are the fol
loving (Mairt t: 1991): 

I 	 Reproduction 
" The llama does iot trave reproductivc seasonailit. The Ilam isof induced 

reprodlict iOtn and there is no i,,eidtlopregiimcNy. 
" The body hUtCO is mintainCd f rom 19 t' 20 diys, and the l. I (hLotini:ant 

hormone) hormon l secret ion occur., posterior to cotmus auLd prior to o\u
lation. 

" The body luteo is formed 4days atlt er tle mting or induction and is func
tional until day 16. 

0lect semen successfli, 

lietlhods. 
" The Ill1it LIOL, leot to hivC a c'clical estrtls; the average duratim of 

* No mIletihd tW I \\a even with electra ejaculation 

t see111 

the coituis was 24 uminutes. 
" The gestation period is between 345 to 366 days. 
* The Ilamna's sexuaI receptivity is tlhe same. with or withotit the presence of 

body Iuteo. 
* Rectall palpmtioln to detct pregnancy Is posile in llmMs. 
* The tnioe Ilmna's sexual maturity is frton 22 to 24 niotinhs; philll0,ois disalppears 

at albout IS months. The spermatolgenesis inl the testicles is initiated about 
the 6 mionths of age, innd .i sperm is re;]mdy nitt 22mt mlls itontlis ofage. 

Overview of the small ruminant research in the Bolivian Andean zone !85 



* 	It is possible to get significant increments in fertility using the comple

mentary service method 30 days after the first service, increasing the fer
tility up to 81%. The total mating period should not be more than 3 
months, preferably with a 20-day interval between services. 

" Tile llama can reproduce in broth dry and hunid seasons, assuling that 
males and females are bei ng managed separately. 

" The high mortality, low fertility, and low birth and weaning weights regis
terLd in the dry season are attributed to the poor nutritional conditions. 

" The general interval between births was 618 days, b -etweentWO colsecu
tive births 398 days. The observance of' discontinuous births is high, 
almiost 45",%. 

N Management 
* The fastest growth period is compressed between 400 to 600 days of .age; 

after that period growth is slower. Tile protein requirement is superior for 

the fastest growth period. Tile daily weight gain !'or males was 117 g/day 
anod for females 97 g/dav. 

* 	Llamas' productive lifeti ies are determined to Ie 8 years, and reportedly 
age is more iiportmnt to reprdutiction than envirtonmental factors. 

" The alntal shearing, utsually with 7 cm of length in tle Tampully ecotype 
(llama wool), shotlI be Jwme in springtime, becatse the Iligh tempera
tures are present it this time. With the Kara ecotype (llama meat) it is 
pref"erable to shear every two years, time that is needed to reach 8 cm of 
fiber length. 

* The weaning p,. riod in llamas \\,as established between 4 to 6 mnonths of 
age bUt for alpacas coulI be between 5 to 9 months of age. 

* 	Castration can be done at two years of' age, becauLse by that time testicles 
have completely fallen. 

" Carcass meat yield product ion of llamas is reported to be 52.1%, corre
sponding to,27.8% to tle vicera; tile ratio of meat/bon.d is 3.6 to 1.Llama 
meat has 25% of D.M., 21.06% of Protein and I. 1 t, of ash. For alpaca it 
is reported that a Cold meat carcass yields 46.4%. 

" Tile meat which comes from ca.,trated Ilamas shows better tenderness 
than meat from whole animals, but in palatability the opposite situation 
occurs. 

" The relation of fine fleece with respect to the total fleece is highly intflu
enced by the sex; total fleece production llows a incremental tendency 
with the animal's age, but the quality goes down. 

" It is reported that the first slearing and fleece weight of the ali.lal can be 
used for selection, Ibecause tIle data show a positive correlation with tile 
productive vailue and the future performance of the animal. 
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OTile boxy \vegI can be used also as a selection parameter, because it is higlh
ly correlated with the majority of the important economic characteristics. 

* 	So far two llama phenotype have been classified: tile Taniphully (wool 
producer) ard the K'ara (meat and pack animal). 

N Animal health 
* Enterotoxemia is reported to Ile tie major cause of mortality in alpaca o

spring in tile suihumid high andes (Ulla-UllIa 4.500 mos.I., Sajama, 
etc.). Sarcotsystis is also a major health iproblem in adult camelids, but 
there is still little known about the disease. 

" Vaccination, p ia.ture rotltiol, corral rotation, ind lllovilg tile- lallbilg 
season are the practices recommended tt) overcame tile sitmtion. 

" Actually, the camnelid's genctic resources are in the process of erosion, 
mostly becuIse the select ion and selling Of the high-Liuality animals for 
illegal exportation to more de'ehLped countries. As a consequence, tile 
andean countries are ill danger of losing their nonopoly on caielid pro
duction. 

GOATS 
The goat production zone is located generally in marginal rangelands of 

tile slopes of tile eastern Andes. At present, there are some promising per
spectives for goat development as an economic activity. The basis for this 
development could be the use of adapted improvxed foreign technologies. 
Improvements should be based on impr.-ved utilization of agricultural by
products and product ion tf)rages of high quality invtlving the agropastoral 
systems tinder irrigation. 

Under dry conditions, there is an urgent need for a strong research pro
grimm in range management and related subjects. The same thing has to ie 
done with goat mnIagellent, because they are IOClted in areas under severe 
soil erosion and ilhere is a danger of lsing the natural bse hr range and 
water productiOl. 

UsualMli, highly degraded ranges are associated with goat utili:tion, but 
tile truth is that the management is wrong and n, t the goats themselves. 
This :ittmtion is becoming critical mainly because there is not a solid goat 
research pri,'ram in Bolivia; but there is an evident need, if w\e want to pre
serve the fragile ecosystems tilhere goats are bred. 
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TABLE 16. SAME BIOECONOMICAL INDICES 
FOR CRIOLLO AND SAANEN GOATS 
IN THE BOLIVIAN ANDEAN ZONE 

Farm Research - Station 

Character Criollo Saanen 1/2 blood 

Fertility 9.0 37.4 32.6 

Of0spring m irtaloity 336.6 - -

.\dulh weight kg 18-24 42.0 39.0 

Milk prduction hr/day 0.20-0.30 0.52-0.86 0.64-0.92 

Lactatio, day 120-150 240 210-300 

Live weight mAle 4 year k 30-40 60 -

Extract ioun 20.0 

Source: Provecto, San Juamn dl rOro,1990; Et hil..Chinoli-1BTA, 1979. 

Table15 evidenCes the high fertility ut the criollo goat in relation to 
the introduced goat, md it could be higher tinder better nutrition and man
ageinent conditions. But in milk productio introt,luced Saanen and 1/2 
blood (Criolh,/Samnein) .,howbetter per1*orilancc than Criollo goats. 

OTHI:R SPIECIES 

Usually the small proiducer has small animals for subsistence and some
times for cash. They primarily are chickens, r;,lbit- , pigs, and guinea pigs. 
Thewc an i nill' fted 0In vegetable residues fri humans and plants that are1 
available in the range. The developmentIl" guinea pigs and rabblit is limited 
becaumse t the scarcity of forage. Intensive ft age prtoductiton systems, such 
as thIose under greenhouses or similar cinstrtictions, can provide green for
age ycnr ronInd to feed these initlitls. 

INRANGE AND FORAGE PRODUCTION 
Usually both range and forage prodUctiOnt, in addition to agriculture, are 

the coilplnents Aif the agropastoral small holder friner production systems 
of the Bloivian Andean region. 
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RANGELAND RECUPERATION 
Cardo:o (1970) repo.ts forage yield increments of.Hordeum muticum 

2.320 kg/ha, Nasella pubiflora 4.820 kg/ha, Bromus unioloides 2.630 kg/ha 
and Calamagrostis sp. 3.100 kg/ha, respectively, under irrigation and fertil
ization treatments. 

In the same area Al:trreca and Ronmin (1981) worked with ::Ci; era
tion treatments for 8 years in a dcraded Parastrephya lepidhophylla-Stipa 
ichu range site. The results show that no treatment+ ..-e significant under 
drought conditions for recuperation (211 nm) 1'itunder fav'orable situa
tions oftr a better response to treatments o1" irrigiation-sedimentation ( 174% 
yield increment), followed by the sublsoil-sCCd ing and contour f'urrows-seed
ing treatments, with 76 and 71o of yield increment, respectively, in relation 
to the control (189 kg/ha). 

Similar research W.;. done in three range sites of the high andes subhu
mid :one: I. tablelmd, 11.intermediate, and Ill. mountainous. Sev'entert 
treatments ot recuperation w\'ere probed. At the three areas second year eval
tuation, the better treatment is pitting-nanure (12 t/ha of"alpaca 
manure)-le'eling out with inc rements in fo ge yield of Imol'e than 800% 
over the control (97 kg/ha/lD.M.). 

Small programs in range inventory and e'aluaition, key forage plat sced 

prodict0ion, and native lind introduc ed forage plIant collection and evalIua
tion are under way. There is already a germoplasm bank of criollo alfalfa 
adapted to the severe ;agroclimatic andean zone coIndit ions (drought, cool, 
low fertility of soils, soil with high content.; of soluble salts, and so forth). 
Native species were collected for abott 30 accessio ns of' promising forage 

plants, especially ha lophytes. This material is to be used for classification, 
evaluation, selection and eventually :ed prodttction for range revegetation. 

Preliminary conclusiols lbotit rangelands are the following: 
* Most of the rangelands lave a!lalural lowlproduction potelltad 
* The rangelands are producing below their natural potential 
" O\'ergra:ing and intensive use of the other range resources are the biologi

cal caiuse of the ran,_e legradit ion. 

The original source ot tile rangeland mismanagenent situation has to 
do With social and economic problems such ias increment of population den
sity, increase of pressure over ranlge land for agric lture, subsistence econoin

ical system, lack of oppTortunlity, etc. 
On the other hand, it is recommended that much research on range 

rectperation be uandertaken, etaphasi:ing efficient itili.atitn of water, iden
tification Orid seed productit a of selected native forage species, seCding of 
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key native forage and introduced adapted species, grazing management, and 
production of supplementary ftrage to feed the animls during the long dry 

INTRODUCED FORAGES 

M Annual species 
As a result of the research work of the Altiplano experiment sta

tions, several species and varieties of annual forages have been selected and 
recommended. The more imnportant material is shown in Table 16. 

TABLE 16. AVERAGE YIELD IN TON/D.M./HA 

OF SELECTED ANNUAL FORAGES FOR TWO 

AGROCLIMATIC ZONES OF THE BOLIVIAN ALTIPLANO 

Seniihumid Semiarid 
Species and varieties 560 mm 350 mm 

Barly-- IBTA-80 7.60 3.49 

Barley - LUCHA 7.39 2.87 

Biarley - L-154 7.65 2.60 

Criollo barley  (control) 1.0-3.00 0.6-1.50 

Oat - SEFO- 1 8.63 2.49 

Oat - GAVIOTA 7.83 1.66 

Oat - TEXAS 6.67 2.30 

Oar - (control) 4.00 1.00 

Triticale - RENACER 8.56 2.61 

Triticale - CAUTIVADOR 8.50 2.3.3 

Triticale - ERONGA 8.56 3.22 

S.lurce: Priero and AI:,rreca 1989 
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Fomge corn is produced under irrigation, usually in association with 
Vicia villosa and V. sativa in the valleys zone. There are proven varieties 
available. (Delgadillo 1985). 

As a preliminary conclusion we can say that there is proven annual for
age material available for the altiplano and irrigated valley zone, but none 
for the dry rangelands. The yields are variable according the interaction of 
several factors, especially the allunt and distribution of rainfall and the fer
tility of the soil. In dryer areas the performance of improved species is not 
appropriate and criollo material should be lsed, especially barley, which is 
the most important annual forage culti\'ated in the zone. Finally, annuals 
(barley) are quite important, because, preserved, they are the major animal 
forage source during the dry season. 

Ass:,ciations between annuals and Vick sativa or Vicia villosa for hay 
or silage have good results in subhumid deep soil zones, but not in dryer 
areas. 

PERENNIAL SPECIES 

MLegumes 

Forty research years with introduced forage trials have identified alfa as 
the most appropriat, introduced forage for cultivation in the Bolivian Alti
piano. Currently varieties are available for the different ecologies of tile 
Andean zone where water is available. Usually the producers have :i small 
protected patch of Alfa. Under dry cultivation there is not very mu1ch alfa. 
Table 17 shows the principal results of alfa trials researched Under irrigated 
and dry cultivation. 

The availabilit, and prohibitive cost of selected seeds are the limiting 
factor for their uitilization. Local alfa criollo seeds are extensively used, and 
some Bolivia 2000 and Riviera local certified seeds are also used. Tile most 
widely introduced Alfa varieties are Ranger and Mloapa. 

In lower regions such as tle valleys, the most widely varieties used are 
Bolivia 2000, Arminda, Sabina, Matador, Punate:a, Africana, Ranger, and 
Moapa. The work of introducing, evaluating, improving, and agronomically 
testing the varieties are permanent activities with alfa and associations, 
especially alfa/Festuca and alfa/Dactilis (Delgadillo 1985). 
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TABLE 17. DRY MATTER ALFA YIELDS UNDER 

IRRIGATION AND DRY CULTIVATION IN TON/D.M./HA. 

Variety Irrigated Variety Dry cultivati. 

Uinta 7.75 Vernil Idaho 1.75 

Saranac 7.69 California Common 1.52 

Saranac N.York 7.56 Sud Cinti 1.51 

Atlantic 7.45 MSB - 1G2 1.50 

California Common 7.06 W.L. - 202 1.46 

Cherokee 6.96 California Province 1.40 

Ranger 6,95 Cherokee 1.30 

Rivie-ra* 3.44 

Bolivia 2000* 2.96 

Maxidor* 2.20 

Africana* 1.98 

Moapa* 1.75 

Producer 

(Farm level) 3.50 0.8-1.20 

Source: Mendieta 1985; 7-year average 
*Sourc: Prieto and Al7rreca 1989; 2-year average 

In pasture fertilization, phosphorus has been identified as the most 
important limiting mineral. In other species of forage legumes and grasses 
he fol .)wing are recommended for use: Trifolium pratense cv. K'nlland and 

Violeta, Trifolium repens cv. Ladino, Trii -lium alexandrinum cv. Cornnel 
and Chile, and in associati .n with Dactylis and Lolium. 

E Perennial grasses 
Under irrigation and nitrogen fertilization good results have been 

obtain(.ul With the following varieties: Dactylis glomerata, Festuca arundi
nacea, Lolium multiflorum, L. perenne, and a hybrid from Phalaris canari
encis x P. tuberosa, in dry conditions Agropyron elongatum and Eragrostis 
curvula. A summary of forage yields are shown in Table 18. 
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TABLE 18. FORAGE YIELD OF PERENNIAL FORAGES
 
IN KG/D.M./HA - SEMIARID ZONE. PATACAMAYA
 

Dry
 
Name 'Ireatment Condition Irrigated Source
 

Weeping lovegrass 235 520 Mendieta 1982 

Weeping lovegrass 50 kg/N/ha 1,550 1,940 

Weeping lovegrass 50 kg/NFK/ha 1,740 1,833 

Phalaris 

tuberocanariencis 75 kg/N/ha 1,338 3,070 Mendieta 1983 

50 kg/N/ha 1,366 2,870 .. 

"-1,180 2,113 to 

50 kg/N/ha 2,327 Az,&reca 1979 

813 1,210 

Phalaris/Alfa 3,608 8,695 

Alfa/Dactilis/Fes. 6,704 Du:,in 1983 

SEED PRODUCTION 

Barley, oats, and now triticale produce seeds in protected areas; the 
quality depends upon the amount of rainfall and its distribution and on the 
soil quality. Many farmers have small cultivated areas of barley and produce 
their own seed. In dryer areas seed production is uncertain in bad years. 
Drought and freeze are the climatic limiting factors for producing seeds in 
the altiplano. 

Of introduced adapted grasses it is possibie to produce seed from weep
ing lovegrass (about 50 kg/ha) under irrigation and nitrogen fertilization. 
The amount and quality can be significaat. 

In the valley zones, there are no seed production problems. Only soil 
availability is a limiting factor. 

NUTRITION 

Riera (1964), Riera and Cardozo (1970), Camargo and Cardozo (1971), 
Quispe and Cardozo (1988), Zegada, Cardozo and L6pez (1972), Flores and 
Cardozo (1988), Maiza and Cardozo (1988), Dennis and Kucera (1988), etc. 
show that the camelids, in particular and the llamas have higher coefficients 
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of digestibility than sheep, and there are variation according the quality of the 
forage. In general, llamas are much more efficient users of forage man sheep. 

0 Nutritive rangeland forage value 
Numerouls authors (McKell 1975; Rocha 1983; Alrreca 1975; Man

rique 1981; Alztrreca and Lara 1987; Prieto 1988; and others) report on fior
age plant proximal analysis (Wende). This inf'rmation is compiled by 
AlziSrreca and Cardozo (1991), and !;o far there are reports on albott 400 
analyses for 65 torage species. Somle data show protein content as high as 
24% in Suaeda foliosa, for example, and as loW as 1%of protein content in 
bad quality barley hay (Figure 1). Obviously a modernization of ftrage quali
ty evaluiation methods isneeded. 

There is little information on forage mineral content, but Espinoza, et 
al. (1982) indicate that the deficient minerals in !lama grazing areas are P, 
Ca, Na, Zn and Se. Phosphorus is in general reported as the mIost deficient 
mineral in native foiges. 

The majority of reported imaly'es shIw appropriate levels of nutrient 
contents during the humid season, ahhou~gh the availability is limited. But 
during the dry season the nutritional conrent of nati\ e forages, with the 
exception of the ones froni shrubs and irrigated ranges (Bofedales), is low 
enough to be inadequate to meet the animals' reqtuirements. 

SOME CASES OF TECHNOLOGY ADOPTION 
Currently technology adoption is of minor magnitude and is limited to 

the cultivation of improved forage species and varieties, especially alfa. 
Areas with perennial species usually are cultivated on small protected patch
es of land, and more commonly Under irrigation. Lately the Phalaris sp. is 
being adopted in areas with acidic and humid soils. 

Cultivation and preservation of anntal forages is common, especially for 
cattl,: raisers, because it is Ised to feed these animals during the dry season. 

Some practices for recuperating pastures, especially those related to 
more efficient utilization of water, are being employed on irrigated range
lands near a source of water. 

Under traditional technoogy, some important management practices 
are as follows: primitive rotational grazing systems, moving animals to saline 
natural sites for mineral supplementation, barley hay, utilization of agricul
tural by-products, and preservation of parts of rangeland to feed animals dur
ing the dry season. Range seeding with native forage species and range 
irrigation are the piactices most commonly used. 
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INSTITUTIONAL AND HUMAN RESOURCES 
NATIONAL GOVERNMENT SECTOR 

The public sector research in small ruminants, particularly in thc iast 
decade, have been almost nil, (universities, state research agencies, and oth
ers). Progressively lower budgets and a general economic crisis seriously 
affected the performance in quality and efficiency of the state research insti
tutiorns. 

On the other hand, the reorganization of research under way (financed 
by the World Bank Sector Adjustment) only affects the major agricultural 
research institution in Bolivia (1BTA), but will not help other research 
institutions, such as universities and re!atci organizations. 

NON GOVERNMENTAL SECTOR (NGOS) 
Non-governmentll institutions so far do niot contribute significantly to 

the gene,ration of animal production technology. Most of the research has 
been dor:e on social topics, but actually there is some work on technological 
research that is not being carried out by state agencies. 

RESEARCH INSTITUTIONS IN THE BOLIVIAN ANDEAN ZONE 
Table 19 shows a list of ilnstitutions that are working in animal produc

tion research in the Bolivian Andean :one. It includes the najor areas of 
work and the number of technicians for each activity. 
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TABLE 19. NATIONAL RESEARCH STATIONS 
IN THE BOLIVIAN ANDEAN ZONE 

Institutions 

1. Ulla Res. Station 


Subumid highland 


IB3TA -La Pa:. 4000 ha. 


650 mm, 4.480 m.o.s.l
 

RESEARCH
 

2. Patacamaya Res. Station 

Semiarid puna. IBTA* 

La Pa:. 900 ha. 

400 mm, 3.879 i.o.s.l 

RESEARCH 

3. Turco Camelids Project 

Semiarid puna. 

COR DEOR-Oruro. 

300 mn, 3.950 mosI. 

PRODUCTION -RESEARCH 

4. 	Tomave Camelid Center 

Semiarid puna, Potos( 

250 mm, 3.900 ,m.o.s.l 

PR ODUCTION -RESEARCH 

5. Co-;ipa Alpaca Center 

Highandes, semiarid 

CORDEOR, Oruro 60 ha. 

300 mm 4.050 m.o.s.l 

6. 	Belkn Research Station 

Subhumed Altiplano 

UMSA, La l'az. 90 ha. 

514 mm 3.815 m.o.s.I 

RESEARCH-PRODUCTION 

7. Puna Cattle Center 

Semiarid Altiplano 

UMTF', Potosf 50 ha. 

504 mm, 3.420 m.o.s.1 

Research 

Alpaca 

Vicufia 

Llama 

Sheep 

Llama 

Vicu:a 

Cattle 

Llama 

Llama 

Alpaca 

Cattle 

Cattle 

Subject 

Native 

Annual 

-

Perennial 

Annual 

Native 

Native 

Annual 

Native 

Annual 

Perennial 

Native 

Perennial 

Annual 

Perennial 

Annual 

Technicians 

2 

5 

2 

s/t 

2 

2 

PRODUCTION AND RESEARCH 
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Institutions Research 

8. Chinoli Research Station 

Semiarid Altiplano 

IBTA, Potosf. 
344 nn 3.450 ,n.o.s.l 
RESEARCH 

Sheep 

Goats 

9. lscayachi Res. Station 
Semiarid Altiplano 

IBTA, Tarija 290 ha. 
380 am, 3.360 m.o.s.l 
RESEARCH 

Sheep 

10. Forages Research Center 
CIF. Valley semiarid 
UMSS-Cocchabarnba 20 ha. 

400 m, 2.600 m.o.s.I 
RESEARCH 

11. La Tamborada Res. Station Cattle 
Semiarid valley 
UMSS, Cochahamba 
400 am, 2.600 ni.o.s.l 

Cuy 

RESEARCH AND PRODUCTION 

12. Condoriri Res. Station Cattle 
Semiarido Altiplano Sheep 
UTO-Oruro. 

390 ram, 3.780 mi.o.s.l 
RESEARCH AND PRODUCTION 

13. 	CADEA Center Cattle 
Semiarid Altiplano Sheep 
CORDEOR-Oruro. 600 ha. 
390 1m, 3.780 m.o.s.l 
PRODUCTION AND RESEARCH 

14. Calcha Goat Center Goat 
Valley semiarid 

IBTA-Potosf 5 ha. 
280 1m, 2.800 m.o.s.l 
PRODUCTION AND RESEARCH 

Subject Technicians 

Perennial 3 
Annual 

Perennial
 

Annual
 

Perennial 5
 
Annual
 
Native
 

Perennial 4 

Perennial 3 
Annual 
Native 

Perennial 3 
Annual 

Perennial s/t 
Annual 
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Institutions Research Subject Technicians 

15.Rio Mulato, Animal Sheep Native 
Production Center Alpaca Annual 
Arid putna, CORDEPO Llama 
4.035 ha!. 245 nm
 
3.790 mi.o.s.l.
 
PRODUCTION AND RESEARCH
 

16.PDAR-Small Ruminant Sheep Perennial 2 
Research Program Component Goat Native 
Semiarid valley. Annual 
SUBDESAL, Cochabamba 
Different areas, 2.000 to 

3.000 m.o.s.I. 
RESEARCH 

*lnstitional symbols are shown at the end of the researchers' list. 

Turco, La Tamborada, and CIF have some financial support from inter
national agencies. Of the 6 research institutions working with camelids, only 
3 are doing very limited work. In iesearch with goats the situatiOt is even 
worse: there is only one station wiih \'ry little possibility for doing signifi
cant research o1n goats. 

In general the personel are not well qu1alified (7 B.Sc., 2 M. Sc., and 1 
Ph. D.) to do significant research work, and on the other hand, the infras
tructure and limited scientific and economic capacity have a negative influ
ence on the efficiency of research technology transfer. 

RESEARCHERS LIST - ANDEAN ZONE 
The names include technicians who dedicate partial time to research 

work and some who have aptitude and potential to do research. 

1. Armando Cardozo Ph.D. IBTA Nutrition-reproduction (1) 

2. Teddy Monasterios Ph.D. IBTA Plant improvement (I) 

3. Edmundo Espinosa Ph.D. IBTA Nutrition (Tropical)(1) 

4. Humberto Alzdrrecai M.Sc. 1BTA Range and pasture (1) 

5. Tito Rodrfguez M.Sc. UMSA Nutrition and genetics 

6. Carlos Salinas M.Sc. UMSA Alimentation 
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UMSA 

IICA 

UMSS 

UM ;S 

UMSS 

UMSS 

CORDEPAZ 

PAC 

IBTA 

IBTA 

CUMAT 

IBTA 

IBTA 

PAC 

PAC 

CORDECH 

UMSS 

ONG 

PAC 

IITA 

UTF 

UTF 

ONG 

UTF 

UMSA 

UTO 

Pasture (1) 

Statistic (1) 

Animal production (I) 

Pasture and range (I) 

Pasture and range 

Pasture and range 

Pasture and range (I) 

Alimentation 

Gra:lng 

Range and pastutes 

Nutrition 

Botany 

Range and pasture 

Nutrition 

Management and 
production 

Animal health 

Ali entatioin 

Range evaluation 

Range and pasture 

Range management 

Animal health 

Rige and pasture 

Animal production 

Animal production 

Forage production 

Fitosociology 

Range and bot,.ny 

7. Hugo Mendieta 

8. Rafael Vera 

9. Einstein Tejada 

10. Edwin Roman 

11. Jorge Delgadillo 

12. Ladislao Lazarte 

13. Fimo Alemn 

14. Zen6n Martfne: 

15. Dino Rocha 

16. Guillermo Prieto 

17. Mixino Flores 

18. Ratil Lara 

19. Jorge Laura* 

20. Eduardo Chumacero 

21. Fi. Martfinez 

22. Humberto Vilela* 

23. Victor Rivero 

24. Boris JerL:* 

25. Alejandro Lahuente* B.Sc. 

M.Sc. 


M.Sc. 


M.Sc. 

M.Sc. 


B.Sc. 


B.Sc. 


B.Sc. 


B.Sc. 


B.Sc. 


B.Sc. 


B.Sc. 


B.Sc. 


B.Sc. 


B.Sc. 


B.Sc. 


B.Sc. 

B.Sc. 

B.Sc. 

26. Jorge Portugal* 

27. Celso Ayala' : 

28. Rodolfo Puch 

29. Adolfo F ,,res 

30. Rene Baptista* 

31. Hugo Baptista 

B.Sc. 

B.Sc. 

B.Sc. 

B.Sc. 

B.Sc. 

B.Sc. 

32. Miximo Liberman B.Sc. 

33. Eusebio Calle B.Sc. 
* Working on B.Sc. degree thesis. 

Overview of the small ruminant research inthe Bolivian Andean zone 199 



The institutional symbols belong to:
 

IBTA=Bolivian Institute of Agriculture Technology
 

UMSA=University ot San Andrds
 

UMSS=University of San Sim6n
 

CORDEPAZ=Development Corporation of La Paz
 

PAC=Peasanr Self Development Program
 

CORDECH=Development Corporation of Chuquisaca
 

CORDEOR=Development Corporation of Oruro
 

CORDEPO=Development Corporation of Potosf
 

ONG=Non Governmental Organization
 

IICA=International Institute of Agriculture Cooperation
 

CUMAT=Mayor Use of the Land Capacity
 

UTO=Technical University of Oruro
 

UMTF=Tormis Frfas Mayor University
 

I=English 

POLICIES 
The research activities in the Bolivian Andean zone, according to 

IBTA, the state organization that represents the official voice of the country 
in research subjects, are based on realistic policies directed to develop an 
animai production industry with appropriate technology. 

The major objectives are as follows: 
" To develop research activities to str'.mgthen production basically for the 

country's self-sufficiency in food production and security 
* To develop research activities to strengthen production of exportable 

products and transference and substitution for imported products 
" In general, the main vi,-w is to apply a technological generation policy 

that can save capital, support greater economic independence, and can 
generate autonomous development at the same time. 

It is also necessary to say that research and technology transfer are only 
some of the important points in Andean rural development. They must be 
correlated through coherent policies with other social factors (land tenure, 
proper utilization of the natural resources, popul.tion density, etc.) and with 
economic production factors (profit, -"'marketing, prices, credit,, ser
vices, etc.). 
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CONCLUSIONS AND RECOMMENDATIONS 
IN SMALL RUMINANTS RESEARCH 

ALIMENTATION 
It can be said that among the different production factors, the alimenta

tion and management problems are most critical for the initial development 
of a small ruminant industry in the Bolivian highlands. Any other factors 
are less important under subalimentation conditions. Additional recoin
mendations follow: 
* A program to prove and select introduced forages under irrigated and dry 

conditions for the different agroecosystenis and production systems must 
be maintained. 

" The availability of nati,:e forage species that have development potential 
is not very well kn,;wn. Because of that fact, it is important to develop a 
strong program in collection, on-site evaluation, agronomic evaluation, 
and, eventually, evaluation with animals and seed production. It is an 
urgent need to investigate seed production of native and introduced 
adapted forages to support range revegetation programs. 

* Because of the availability and limited use of hydric resources with high 
3alts conteat, it is important to develop research for the efficient tiliza
tion of these water resources, especiolly with native tolerant forage iA,'Ln; s 
(halophytes). In addition, it is important to explore the increase of ini
gated native pastoral ecosystems, looking for an appropriate botanical 
composition in response to the differences in ,.uality and quantity of 
water resources. 

* There is also promising research on developing technology to increase the 
amount of water infiltration as one of the better short- or mediun-term 
range recuperation alternatives. Because of the short time and high 
intensity of rainfall and extensive amount of hare ground in the range
lands, runoff is quite common, and there is an urgent need to reverse this 
situation if we want to maintain the nattral productive base. 

* There ispractically no information on animal and plant reactions to grazing: 
traditional grazing systems 

- complementary grazing 
- defoliation intensity related to grazing 
- palatability and grazing 
- trampling related to animal species, plant cover carrying capacity, and 

kind of soil 
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- grazing and water management of irrigated native ranges
 
- integrated agropastoral production systems studies
 
- identification ,f native key forages
 
- range inventory iinJ evaluation
 
-range condition and trend
 
-- native seed production technology
 

NUTRITION 
The seasonality of the forage range and pasture production have a defi

nite negative influence on sUstaining productivity of the animals. For this 
reason it is important to develop research programs in: 
* developing a reliable and rapid methodology to understand the annual 

nutrition dynamics of llll ruminants. Proper alimentation strategies 
such as maximiZing the utilization of foragc resources by adequate storage 
strategies during the rainy season. 

* Alternative sources of forage for supplementation; cultivated forages, use 
of weeds, stubble, agricultural and agroindulstry byprducts, gra:ing sys
tems, native ;rrigatedJ plants, high fiber forage transf rmation, etc. 

" Identil'y macro, micro, and - itamin deficiencies and develop cheap supple
mentary echnology, especially important for the intensive production 
systems that couIld be proposed. 

GENETIC IMPROVEMENT 
Some recommendations are as follows: 

* To incorporate better production genes in criollo sheep and goat flocks, it 
is important to determine the most convenient degree of crossbreeding, 
according to the local product ion systems and agroecological conditions 
in order to develop several valid technological alternatives for the small 
holder farmers. 

" There is a need to develop classification and selection programs for small 
criollo and native ruminants, identifying superior animals to form and 
maintain and utilize flocks with good adaptation and productivity charac
teristics. 

" A llama animal breeding program through the identification and selection 
of superior ecotypes for meat and for wool production. In wool llama eco
types, Ihe selection has to be focused on the following characteristics: 
entire color fleece, low presence of hair, and high fleece weight. It is also 
important to reintroduce camelids into areas that they occupied formerly. 
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* In alpacas, enrire color fleece selection (different colors) and greater pro
ductivity should be the principal topics for selection work. Conduct 
research on selection and adaptation of alpacas to dry rangeland condi
tions and to intensive alpaca production systems. 

PRODUCTION 
The following are the main recommendations: 

" It is important to go ahead with research on shearing periods and height of 
shearing according to differences in climate and in animal husbandry 
practices used by small holder farmers. 

• In vicufias, becau1se of the positive results in preservation, it is important 
to have a research line in order to develop proper management technolo
gy to support a future rational utilization of this Wild camelid. 

• It has been concluded that the major characteristic of the agropastoral 
production system of small holder farmers is essentially a mult ispecies 
exploitation based on tile fill use of the soil, water, and forage re:;ources. 
For this reason, it is important to focus research on describing, analyzing, 
and identifying the problems in order to develop imlprov'ed technological 
alternaies from a production system point of view. 

ANIMAL HEALTH 
Need, in this area include the followving: 

" So far, the magnitude and distribution of zoonotic diseases need to clari
fied. 

* Toxic plants: identification, problems, importance, and control methods. 
* Research to overcome the enterotoxemia problem must be done, because 

it constitutes the major cause Of mortality in alpaca and llama offspring. 

REPRODUCTION 
The following are important recommendations: 

" The low fertility obserned in camelids has to be studied to develop practi
cal solutions to this situation. 

* There is an excess of males, and usually they are in the sheep flocks all he 
time, resulting in inbreeding problems and in uncontrolled spreading of 
reproduction throughout the year. For that reason it is necessary to deter
mine the optinmum mating and lambing season to avoid production risks. 
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