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Pastoralists tend to occupy highlands and drylands lands with uncertain climates and are 

experienced at coping with climatic variability and drought.  Increasingly, however, the speed 

with which climate patterns are changing has become an issue of concern.  This study examines 

household water management strategies of pastoralists in western Argentina.  In this semi-arid 

region, pastoralists rely primarily on streams and springs fed by snow and glacier melt from the 

Andes, and have developed various strategies to meet their water needs.  They also deal with 

myriad challenges posed by climate, economic, and socio-cultural change and work vigorously 

to maintain their herds – a combination of cattle, goats, and sheep – in this water scarce region.   

The goal of this study is to understand: 1) different household water management strategies; 2) 

the ways pastoral livelihoods are changing in response to changes in water supply; and 3) the 

socio-economic changes that affect pastoral livelihoods.  Information from interviews, 

household surveys, and participant observations reveals that climate fluctuation impacts water 

supplies and use, herd size, and expenses made on tanks, technology, and infrastructure for the 

storage and transport of water, food for animals, and subsistence crops.  Understanding the 

micro-scale, water practices of pastoral households provides insight into the ways rural 

populations in semi-arid and arid environments respond to changes in climate and meet their 

water needs.  Moreover, these findings can contribute to scholarship on traditional and local 

knowledge and resource management systems, and may potentially inspire the development of 

adaptive management solutions. 
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CHAPTER 1 

INTRODUCTION AND BACKGROUND 

Pastoralism is a complex livelihood system that involves the relationship between 

people, livestock, and pastures (Nori et al. 2008).  Pastoral groups predominantly inhabit 

highlands and drylands throughout the world (see Fig. 1), and thus, are experienced at dealing 

with many challenges, including climatic variability and uncertainty as well as spatially and 

temporally heterogeneous resource availability (Nori et al. 2008; Galvin 2009).  Moreover, for 

its provision of meat and non-meat resources, contribution to regional and national economies, 

and as the subsistence basis for ~200 million households worldwide, pastoralism is a globally-

significant livelihood activity (Postigo et al. 2008; Dong et al. 2011).  In recent years, however, 

pastoral livelihoods have been undergoing a great deal of change resulting from socio-cultural, 

economic, political, and environmental factors. 

  Figure 1: Geographic distribution of pastoral groups (Nori and Davies 2007) 
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Accelerated changes and fluctuations in climate are one factor influencing pastoral 

livelihoods as it impacts water supply and use, for example.  These changes have become a 

widespread and increasing cause for concern as changes in temperature and precipitation 

patters as well as glacier recession rates have serious implications for the hydrological cycle 

(IPCC 2007; Vich et al. 2007; Rangecroft et al. 2013).  Throughout the 20th century, marked 

changes in the hydrological cycle have occurred in the Andean basins of central Argentina (Vich 

et al. 2007).  In fact, the South American Andes will likely undergo changes in climate more so 

than many other mountainous regions in coming years and decades (L’Hote et al. 2005; Vich et 

al. 2007; Rangecroft et al. 2013).   

Andean mountain glaciers contribute the highest quantities of fresh water to river 

systems during the dry season in this arid, water-limited environment (Vich et al. 2007).  

Indeed, a large percentage of pastoralists in west-central Argentina in the Province of Mendoza, 

known as puesteros, depend on snowmelt and glacier melt from nearby mountains for their 

water (Vich et al. 2008).  Thus, changes to the hydrological cycle are impacting water resource 

availability in this region, and as changes and fluctuations in climate persist, water supplies are 

becoming increasingly uncertain. 

In addition to the effects on the water supply mentioned above, decreased precipitation 

and drought are impacting the growth of pasture and the types and amount of crops grown in 

home gardens.  Decreasing forage for herds negatively affects herd size as well as garden 

composition.  With available forage on pastureland decreasing, puesteros are replacing much of 

their subsistence crops with fodder for livestock resulting in a decrease in home garden 

diversity.  These changes are also affecting puestero livelihoods as many pastoralists are 
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increasingly turning to external markets and inputs for alternative means of generating income 

and additional resources such as fodder, subsistence crops, and modernized technology and 

infrastructure for managing water. 

By examining household water use and management strategies among rural, puestero 

households in western Argentina, this research aims to understand the local ecological 

knowledge and water practices of pastoralists who daily deal with limited water supplies and 

climatic variability in what are generally increasingly uncertain environments in terms of water 

supply.  Moreover, this study addresses the linkages between pastoral practices and changes 

occurring beyond the local scale, and seeks to understand how these relationships are shaping 

their livelihoods.   The ways in which pastoralists are 1) becoming increasing integrated into the 

market economy, and 2) incorporating newer technology and infrastructure, such as water 

storage tanks and hoses for water transport, into traditional methods of managing water reveal 

interesting connections between external markets and inputs and pastoralists’ ability to adapt 

to changes in climate as well as changing political and economic conditions.  Three questions 

guide my study:  

1) How do pastoral households access, manage, and utilize water?

2) How are pastoral livelihoods changing in response to changes in water supply?

3) How are these changes being shaped by the dynamic linkages between socio-
economic, political, and environmental factors? 

Study Area 

This thesis was conducted in the Department of San Rafael and Department of Malargue 

in the southern Mendoza Province, Argentina (32˚00’ and 37˚ South latitude) (see Fig. 2).  The 

Mendoza Province is located in the southern portion of the Monte Desert – a vast semi-arid to 
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arid, shrub desert that extends 20 degrees in latitude (24˚35’ and 44˚20’ South latitude) along the 

eastern foothills of the Andes on the border with Chile (Abraham et al. 2009).  Stretching from 

the Puna in the north to Patagonia in the south, the Monte comprises nearly 50 million hectares, 

and spans 11 provinces (Guevara et al. 2009). 

Figure 2: Study Area – Within the Department of San Rafael and the 
Department of Malargue in the southern Mendoza Province 

Due to the vast latitudinal extension of the Monte resulting in a drastic, regional climatic 

gradient, it is divided into three major regions: Northern, Central, and Southern Monte – which 

are influenced by differences in temperature and rainfall patterns, and predominant winds.  The 

climate of the Monte is strongly determined by the surrounding topography (Abraham et al. 
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2009).  On the West the Monte is bordered by the Andean cordillera, on the south by the 

Patagonian semidesert, and on the east by the dry woodlands of Chaco and Espinal’ (Abraham et 

al. 2009).   

The Monte receives between 250 and 400 mm of rainfall annually (see Fig. 3), and has a 

mean annual temperature that ranges between 12˚ and 19˚C (Guevara et al. 2009).  As well, there 

are 22 watersheds within the Monte, although for most of them, the headwaters nor the mouth 

are located within the Monte itself (Abraham et al. 2009).  For most of these bodies of water, 

they are dry seasonally or for much longer periods of time – on the order of years (Abraham et 

al. 2009). 

Figure 3: Location and isohyets of the Monte Desert (Guevara et 
al. 2009) 

5 



Differences of vegetation in the Monte is determined mostly by abiotic factors (i.e. 

precipitation, topography, hydrology, and edaphic factors), but also by biotic factors (i.e. 

grazing) (Bisigato et al. 2009); however, Its herbaceous cover is more or less homogenous with 

xerophytic vegetation, and consists primarily of a mix of short-shrub grasses (Guevara et al. 

2009).  The most widespread species is Larrea (Zygophyllaceae), and open woodlands with the 

species Prosopis are located in areas with available groundwater (Bisigato et al. 2009).  

The southern Monte where the study took place stretches from the southern portion of 

the Mendoza Province (35 ˚S) to the northern portion of the Chubut Province (44 ˚S).  The 

southern Monte is temperate with highly variable temperatures determined by the rugged 

relief, a large diurnal and annual temperature range, and rainfall similar to that of the 

Mediterranean.  The mean annual rainfall ranges between 200 and 400 mm, and the mean 

annual temperature ranges between 12˚ and 16˚C (Abraham et al. 2009). The rainy season in 

the southern Monte is during summer months (December through March), and are also the 

months of peak productivity (Bisigato et al. 2009).  In southern Monte, edaphic characteristics 

play an important role in determining vegetation heterogeneity, with these factors largely 

driving water availability as well (Bisigato et al. 2009). 

From 1980 to 2005, the temperature in the Andes has tripled, increasing approximately 

0.33˚C per decade (Barry 2005).  Combined with changes in precipitation, these affects have 

caused sustained glacial retreat across the Central Andes (Barry 2005).  Allied with changes in 

climate, model projections indicate that increased warming in the lower troposphere is likely to 

increase with altitude, significantly affecting higher elevations (Bradley et al. 2006).  Research 

suggests that warming will continue throughout much of South America (Rangecroft et al. 
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2013).  The Intergovernmental Panel on Climate Change’s (IPCC) models predict temperatures 

to rise 0.4 - 1.8˚C by 2020 and 1.0˚ - 7.5˚C by 2080 (Magrin et al. 2007).  Although uncertainty as 

to the extent and direction of precipitation changes currently exist with many global climate 

models, it is widely accepted that South America will undergo considerable drying (Magrin et al. 

2007).   

 Due to the effects of topography on precipitation, the South American Andes are the 

main regulator for the hydrological cycle at the continental scale (Vich et al. 2008).  The source 

of nearly all runoff comes from snowmelt and glacier melt from the Andes, with little 

contribution from rainfall (Vich et al. 2008).  During the winter months, the central Andes store 

water as snow and ice, while they supply water to lower elevations during the summer months.  

Mountain glaciers in the Andes play a significant role in the drainage basins, and contribute the 

highest quantities of fresh water to river systems during the dry season.  Temperature 

increases, therefore, will increase the amount of liquid precipitation to solid precipitation, 

consequently affecting earlier snow melt and glacial recession.  In the short term, it is expected 

that melting glaciers will increase runoff, while in the long term it will result in diminishing 

water supplies (Rangecroft et al. 2013; Juen et al. 2007).  As a result, there will be important 

impacts on available water resources in the future in the semi-arid basins of west-central 

Argentina (Leiva et al. 2007). 

Population 

The Mendoza Province is located in the Monte Desert between 32˚00’ and 37˚ South 

latitude, and is divided into 18 departments.  This study was conducted in the southern portion 

of the Mendoza Province in the Departments of Malargue and San Rafael (see Fig. 2), among a 
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group of livestock herders known as puesteros.  Puesto refers to the area of land that comprises 

the puestero’s home, animal corrals, and small cultivated fields on which their livelihoods are 

centered (Molinillo 1993).  Puestero livelihoods hinge on their herds – a combination of goats, 

cattle, and sheep.  Many also tend small garden plots for growing subsistence crops as well as 

fodder for livestock.  In addition to selling livestock, puesteros often supplement their income 

by selling both the hides and wool of animals in addition to la caca, the excrement, of goats for 

fertilizer.  It is also common for puesteros to expand their subsistence repertoire by raising 

chickens, and in some cases ducks, turkeys, and pigs. 

 Puestero grazing practices differ between the lowlands and highlands.  In general, 

puesteros in the lowlands do not move their livestock to higher elevations in winter months as 

their pastures are not as affected by loss of forage during winter months.  Puesteros living in 

and near the Andean cordillera, on the other hand, practice a system of transhumance, or the 

seasonal migration of their herds.  In order to take advantage of available fodder, puesteros 

herd livestock to higher altitudes during the summer months (December through March) and to 

lower altitudes in winter when forage during those cold winter months is often unavailable.  

Similar patterns can be seen among guanacos, a South American camelid, in west-central 

Argentina.  Guanacos do no migrate to lower elevations until they must as a result of loss of 

forage due to snow cover, and prefer upload meadows due to their high productivity and more 

constant supply of water in river valley bottoms of the uploads (Puig et al. 1996, 1997).  Similar 

reasons for puesteros moving their herds to the mountains exist, as they cannot live in the 

mountains all year.  Thus, many puesteros have one or several other puesto homesteads with 

8 
 



temporary houses where they spend a couple of months out of the year during summer months 

away from their permanent home. 

 Because the Monte receives such a small contribution of water from rainfall, puesteros 

have to rely on other sources for their water supply.   Some of those sources include springs, 

streams, rivers, lakes, and wells that are fed largely from snow melt and glacier melt from 

nearby mountains.  Water in this region is one of their most precious and limited resources.  As 

such, puestero households use different water management strategies to meet their water 

needs, including canals and storage tanks.  In order to situate puestero livelihoods and 

household water management in Mendoza into a broader context, the next chapter of the 

thesis discusses the literature used to frame this research. 
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CHAPTER 2 

LITERATURE REVIEW 

A growing body of scholarship shows that pastoralists face increased challenges related 

to water use, subsistence and culture change, mainly due to decreased mobility and changing 

climate (see Galvin 2009; Fu et al. 2012; Joshi et al. 2013; Rangecroft et al. 2013; Postigo 2014).  

As a result, pastoralists are developing new strategies – including managing resources, which 

includes the suite of actions taken in order to obtain desired goals and objectives, usually given 

external constraints (i.e., diminishing water supply) (Lertzman 2009).  Examining their responses 

to changes climate, particularly as it affects water supply and use and available forage for the 

herds in addition to increased connections with the “outside world”, for example, reveals 

linkages between rural households, local environments, and larger-scale process and 

mechanisms, and how these relationships shape household management practices and 

decisions.   In Geography, households have been used as a unit of analysis to examine the 

linkages between environmental knowledge, introduced technologies, and traditional practices 

(Netting 1993; Zimmerer 2004; Rigg 2007; Velasquez-Milla et al. 2011).  Coupled with a 

livelihoods approach used to identify micro-macro linkages that are key to understanding how 

people in different places live, this level of analysis can also reveal how human agency and 

structural factors (e.g. climate change, institutions) come together (Rigg 2007).  The explanatory 

framework used in this thesis builds on and integrates three conceptual fields of inquiry – 1) 
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pastoralism and challenges; 2) households and the environment; and 3) livelihoods and 

linkages.  

 

Pastoralism and Challenges 

Traditional systems of environmental knowledge and management are built on 

generations of experience with disturbance, ecological unpredictability, resilience, and stability 

(Berkes et al. 2000; Folke 2004; Berkes and Turner 2006; Ladio and Lozada 2009).  Pastoralists 

are one such group that depends on an opportunistic approach to resource management, 

involving mobility, flexibility, diversity, and reciprocity, to cope with uncertain and changing 

conditions (Sorbe 2003; Fernandez-Gimenez and Le Febre 2006; Galvin 2009).  Thus, despite 

spatial and temporal variability of resources, extreme and unpredictable climates, and unstable 

economic and political systems, pastoralists use sophisticated strategies to maintain their 

livelihoods (Fernandez-Gimenez and Le Febre 2006; Muller et al. 2007). 

Mobility is perhaps their most important coping mechanism (Nori and Davies 2007; 

Namgay et al. 2013) – defined by Berkes and Folke (1998) as strategies that tend to be “short-

term responses to abnormal periods of stress” (425).  For example, physical mobility of livestock 

is critical to maintain healthy, productive pastures because it allows land to regenerate and 

lessens the rate and likelihood of degradation associated with overgrazing.  In addition, 

migration of herders in response to oscillations in rainfall and availability of fodder for livestock 

enables pastoralists to take advantage of limited and spatially heterogeneous resources, such as 

water (Sorbe 2003; Butt et al. 2009; Joshi et al. 2013; Martin et al. 2014).  In this way, seasonal 

migration of herders is an adaptation used for generations in arid or winter-cold areas (Joshi et 
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al. 2013) and is one strategy used to meet water needs in water-limited environments.  

However, for many pastoralists today, local water access at local camps and households and for 

herds is increasingly difficult due to a suite of socio-economic, political, and environmental 

factors. 

In recent decades, pastoralist mobility has been affected by increased land privatization 

coupled with fence construction, newly enforced political and administrative boundaries that 

fragment rangelands (Lesorogol 2008; Ensminger and Rutten 1991), and agricultural expansion 

into rangelands (Baied 1989; Fernandez-Gimenez and Le Febre 2006; Nori and Davies 2007; 

Butt et al. 2009). Indeed, the development and “modernization” of pastoral land-use systems 

often increase the vulnerability of pastoralists, and their livelihoods and institutions (Adger 

2006; Eakin and Luers 2006; Dong et al. 2011). 

  Furthermore, accelerated global environmental change adds to the difficulty that 

pastoralists face in meeting their water needs.  By affecting the hydrological cycle, climate 

change will alter temperature and precipitation patterns, and affect glacier recession rates 

(IPCC 2007; Vich et al. 2007; Rangecroft et al. 2013), resulting in an increase in water supply in 

the short-term and a subsequent decrease in the long-term (Vich et al. 2007).  Recent studies 

demonstrate that changes and fluctuations in climate will increase the uncertainty of water 

supply (Mukheibir 2010; Scott et al. 2013).  Studies examining the relationship between climate 

and water availability in the South American Andes highlight that the region will be significantly 

affected by changes in climate due to changes in temperature and precipitation, and glacier 

recession more so than many other mountainous regions (L’Hote et al. 2005; Vich et al. 2007; 

Rangecroft et al. 2013; Postigo 2014). Because a large percentage of pastoralists located in or in 
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close proximity to the Andean cordillera depend on snowmelt and glacier melt for freshwater, 

changes in climate likely will increase their vulnerability to drought episodes and other risks, 

such as decreased agriculture and food supply, reduction in income, and increased migration 

from pastoral households to urban centers (Rangecroft et al. 2013).  

Recent studies, particularly within the resilience literature, also examine the ability of 

societies, including pastoralists, to adapt to present and future conditions, highlighting that the 

ability to adapt is not influenced by environmental factors alone (see Liu et al. 2007; Nelson et 

al. 2007; Ostrom 2009; Folke et al. 2010; Postigo 2014),.  Adaptation to hydrologic changes, for 

example, depends on social factors (e.g. access to resources) as well as ecological ones (e.g. 

changes in water supplies).  Although diminishing water supplies have the potential to result in 

negative impacts on water security, and affect environmental, economic and social systems, 

there remains considerable uncertainty surrounding the scale and effects of changes 

(Rangecroft et al. 2013; Scott et al. 2013).   

Despite growing recognition that climate change is expected to significantly impact arid 

regions throughout the globe, there remain gaps in scientific research on the linkages between 

water supplies, climate change, and resource management in these regions (Joshi et al. 2013; 

Rangecroft et al. 2013).  Indeed, much remains to be understood about how humans adapt to 

climate fluctuations (Joshi et al. 2013).  One way to effectively address the issue of water 

security is to better understand how societies in semi-arid and arid regions with scarce water 

supplies manage their water resources.  Joshi et al. (2013) highlight that exploring the sensitive 

nature of pastoralism to changes and fluctuations in climate may offer valuable insights to the 

relationship between humans and the environment and how changes in climate affect those 
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interactions (Joshi et al. 2013).  Understanding herders’ experience of climate change, past and 

present, therefore, “could provide first-hand evidence of climate change, its effects, human 

adaptation, and the key dimensions to be considered in initiatives for sustainable management 

of rangeland resources” (Joshi et al. 2013, 640).  

Given the current, rapid trends in global environmental change, adaptive management 

strategies are one way to address environmental change issues (see Berkes et al. 2000; Berkes 

and Turner 2006; Lertzman 2009; Postigo 2014), such as water security.  In their study of the 

linkages between climate change and water resources in the Bolivian highlands, where water 

supplies are limited, Rangecroft et al. (2013) found that adaptation was one of the most 

effective strategies used to address changing climate and reduced water supplies.  Their 

findings showed that in order to develop successful, long-term solutions to water challenges, 

water management and adaptation strategies should be conceptualized as integrated, local-

level processes that rely on community participation and cultural attributes (Rangecroft et al. 

2013).  Households provide a level of analysis to understand decisions and coping mechanisms 

at the local scale (Netting 1993; Zimmerer 2004), and can offer a means to understand how 

pastoralists respond to outside processes and climate fluctuations. 

 

Households and the Environment 

The household unit is one of the primary analytical frameworks within cultural and 

political ecology (Zimmerer 2004).  Household-level analysis is used to examine anthropogenic 

drivers and consequences of ecological change over space and time.  To Zimmerer (2004), 

household-level analysis offers a finer-scale level of resolution to examine human-environment 
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interaction, which then can be scaled up to community, region, etc.  Brookfield’s (1964) study in 

highland New Guinea was pivotal in placing households and local-scale resource use as core foci 

within cultural geography as it challenged the reluctance of cultural geographers at the time to 

analyze resource-use behaviors at the local level.  In the 1980’s, the realization of the 

importance of household-level analysis increased as interest in the impacts of global 

development grew, and household-level studies began to expand within the social sciences and 

human-environment studies in geography (Zimmerer 2004).  Arguably, the pinnacle of 

traditional household studies is Netting’s Smallholders, Householders: Farm Families and the 

Ecology of Intensive, Sustainable Agriculture (1993) that demonstrated the long-term 

sustainability of household management systems.  

Household studies focus on human-environment interactions and the ways that humans 

respond to changes in social, economic, and environmental conditions.  For example, several 

studies within geography examine the reasons for intensification of smallholder production 

systems.  This particular focus became common after 1965 when Boserup, an economist, 

published The Conditions of Agricultural Growth that attributed the intensification of 

smallholder production systems to population pressure (Boserup 1965, 1975).  Expanding on 

this, geographers have argued that prevailing environmental and economic conditions during a 

given time also play an important role (see Turner et al. 1977; Turner and Doolittle 1978; 

Doolittle 1980; Doolittle 1983).  For example, a study by Doolittle (1988) demonstrated that 

smallholders make decisions about when to take their land out of cultivation and production 

depending on 1) whether the environmental or economic conditions of the time are favorable 

for agriculture, or 2) if other opportunities to earn income become available. 
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  Other studies, particularly within ethnobiology, have looked at the ways in which 

households interact with the environment by focusing on local knowledge and land use.  For 

example, Coughlan (2013) examined local knowledge of fire use in a Basque, pastoral 

community in the French Western Pyrenees.  They found that land abandonment in this region 

is having a negative effect on the long-standing relationship between household level land use 

and what they term “landscape memory” – “the reciprocal interaction of social and ecological 

memory manifest in the landscape through long term land use and management” (Coughlan 

2013, 99).  Dependent upon a long disturbance history, landscape memory is the means by 

which local knowledge of fire ecology and use has been passed on from one generation to the 

next for millennia.  As landscape memory in the Pyrenean highlands plays an integral role in 

maintaining productive pastures, land abandonment is lessoning the sustainability of these land 

use practices (Coughlan 2013).  Their findings suggest that collective action management 

solutions that go beyond the interests of individual households may be necessary in order to 

address losses of landscape memory and maintain the viability of this pastoral land use systems 

(Coughlan 2013). 

Other studies have looked at the ways in which household size affects household 

decision making.  For example, Mafimisebi et al. (2013), examine the linkages between the 

utilization of medicinal plants for livestock and household expenditures and household size.  

According to Mafimisebi et al. (2013), poor livestock farmers are constantly making decisions on 

the amount of funds to be spent on maintenance of livestock and that to be used for the needs 

of the household.  This competition for funds seems to shape the farmer’s decision to utilize 

cheaper medicinal plants for maintaining the health of their herds in order to have the 
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necessary funds to meet household needs.  In general, their study found that the higher the 

income and greater the heads of livestock on farms, the lower the utilization of medicinal 

plants.   Moreover, there has also been much geographical and ethnobiological scholarship 

examining the productivity and efficiency of smallholder production systems, including home 

gardens, in the past several decades (see Turner et al. 1977; Turner and Doolittle 1978; Netting 

1993; Marquez and Schwartz 2008; Larios et al. 2013; Neulinger et al. 2013).   

Home gardens have been an important focal area among Latin Americanist geographers.  

Studies show that home gardens are highly productive and require minimal labor inputs at any 

given time (see Anderson 1967; Buchmann 2009; Kimber n.d.).  In her characterization of 

dooryard gardens, also referred to as “backyard gardens” and “house gardens” (Ban and 

Coomes 2004), Kimber (n.d.) found linkages between the surrounding environment and the 

management practices of garden owners, and that they are much like other agro-ecosystems. 

Those managing the gardens often possess in-depth knowledge of the local biophysical 

environment, use their gardens for different functions, and can change those uses over time 

(Kimber, n.d.).  Anderson (1967) also found that home gardens are highly diverse, and observed 

that in highland Guatemala, gardens included vegetables, fruits, medicinal plants, a place for 

producing compost, and a bee yard.  A great deal of attention has also been paid to the layout 

and spatial arrangement of garden components (see Kimber 1966; Anderson 1967; Brierly 1991; 

Thomasson 1994). 

Although many studies on house-lot gardens discuss on-site specifics, other studies on 

gardens examine the broader flows and networks that connect gardens to the outside world 

(WinklerPrins 2002).  For example, Winklerprins (2002) examined how home gardens offer a 

17 
 



different perspective for understanding long-distance linkages, and despite their importance for 

smallholder subsistence in many parts of the world, they are largely under-researched in terms 

of their importance to smallholders.  As well, home gardens are important for generating 

income, and external market demands from nearby cities can affect the types of plants 

produced (Mendez et al. 2001; Cuanalo de la Cerda and Mukul 2008). 

Moreover, Marquez and Schwartz (2008) examined the multiple functions that home 

gardens in the Petén region of Guatemala serve.  They found that in addition to constituting up 

to 15 percent of household income, traditional household gardens were also important in 

improving nutrition of families and food security, for strengthening social networks and 

community ties, and facilitating the conservation and management of natural resources 

(Marquez and Schwartz 2008); however, Peteñeros are increasingly losing interest in gardening 

for numerous reasons, including increased population and economic growth in the Petén which 

increased access to public education, and the desire to acquire higher-paying jobs in different 

sectors.  Marquez and Schwartz (2008) remark that “[h]igher incomes give the youth the 

opportunity to invest in leisure-time activities, particularly in the urban center of Petén, and 

recently improved roads makes it easier to reach the center” (315).  As a result, these changes 

are negatively impacting home gardens in the Petén, and consequently, the sustainability of the 

household unit. 

A study by Velasquez-Milla et al. (2011) also found that a myriad of factors, such as: loss 

of traditional methods of cultivation, expansion of modern agriculture and livestock production 

for markets, and agriculture intensification, are impacting the conservation of traditional agro-

ecological systems and agro-biodiversity. Of these ecological and socio-cultural factors, they 
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found markets to have one of the greatest impacts on crop diversity as they tend to favor a 

narrow suite of varieties (Velasquez-Milla et al. 2011).  As well, diversity among agricultural 

households has been shown to be dependent upon household needs (Aguilar-Stoen et al. 2009; 

Olango et al. 2014), and on the presence of a complex, extensive network of exchange (Ban and 

Coomes 2004; Velasquez-Milla et al. 2011). 

In another study, Segnon and Achigan-Dako (2014) examined the dynamic relationship 

between diversification within farming systems and changes within environmental and socio-

economic conditions.  Their study showed that challenges posed by political and economic 

factors, climatic variability and irregular rainfall characteristic of arid regions, and urbanization 

as labor continues to leave the farms adds further difficulty in providing enough food for those 

living in these areas.  Indeed, harvesting both subsistence crops and those to be sold in the 

market is becoming increasingly difficult and risky (Segnon and Achigan-Dako 2014).  Likewise, 

Buchmann (2009) found that home gardens can bolster the self-sufficiency of low-income 

households, like those of puesteros, reduce their vulnerability to climatic and market impacts, 

and ensure food security by increasing their ability to cope with change despite political and 

economic upheaval.  As well, Larios et al. (2013) note: 

Socio-ecological sustainability should include ecological, social, and economic 
dimensions and therefore, homegardens as systems complementing ecological functions 
and households wellbeing are important bases for designing socio-ecological sustainable 
ways of life (2). 

 
Home gardens are important because they are an important part of the livelihood 

strategy of puesteros in an arid region scarce in resources.  Moreover, as these studies on 

household gardens demonstrate, decisions are shaped by the local environment and changing 

social, economic and political conditions.  Household level analysis can reveal deeper layers of 
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meaning and understanding of local practices.  But as some of these studies also highlight, 

households also are influenced by structural factors (e.g. climate change, institutions) beyond 

their control.  The livelihoods perspective offers one way to better understand the nuances of 

these linkages and their impact. 

 

Livelihoods and Linkages 

When livelihoods become implicated in wide scales and levels, whether that is through, 
for example, contract farming or heightened levels of mobility, it does bring some 
important qualitative changes to people’s lives and livelihoods (Rigg 2007, 38). 

The livelihoods approach can shed light on the ways that dynamic linkages among 

environmental, socio-economic, and political factors in addition to increased connections with 

the “outside world” are changing lifestyles and the expectations and aspirations that inform 

peoples’ actions and decisions (Rigg 2007).  As individual household members become involved 

in multi-scalar ways of living, outside processes begin to play an instrumental role in livelihood 

decisions (Rigg 2007).  For example, broader processes influence vulnerability, resiliency, and 

the adaptive capacity of rural livelihoods.  Adaptation, defined by Nelson et al. (2007) as “the 

decision-making process and the set of actions undertaken to maintain the capacity to deal with 

current or future predicted change”, can be inhibited by access to assets (McDowell and Hess, 

2012).  Diminished access is attributable to social determinants, and can potentially increase 

exposure and sensitivity to stressors (Adger et al. 2003; McDowell and Hess, 2012). 

In addition, many studies on the process of adaptation focus on the relationship 

between multiple stressors, assets, and adaptation.  For example, Bartlett (1980) and Sabates-

Wheeler et al. (2008) found that adaptation as a continuous livelihood strategy allows 
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smallholder farmers to manage resources in the face of changing market conditions and 

environmental degradation.  As well, McDowell and Hess (2012) used a case study to examine 

adaptation among a community of smallholder farmers in highland Bolivia – an area where 

water supply has already begun to experience shortages due to climate change.  By focusing on 

access to resources, they were able to identify key causes of vulnerability and better 

understand the communities’ adaptation options.  Lower-income houses are continuously 

managing stress from a myriad of social, economic, political, and environmental factors on their 

livelihoods, such that “[t]heir attempts to minimize risk over the short-term may erode their 

asset base and decrease their ability to prepare for future risks” (McDowell and Hess 2012, 

343).  Likewise, benefitting from one resource (e.g. land) may hinge on the ability to access 

another resource (e.g. labor), so the ability of low-income households to fully utilize the 

resources they can access may be extremely difficult, and in some cases impossible (Prowse and 

Scott 2008; Tanner and Mitchell 2008; McDowell and Hess 2012).  A livelihoods approach, 

therefore, may be used to get at the root causes of why certain groups or people are vulnerable 

and shed light on how the causes may be addressed (Ribot 2009).   

 Bebbington (1999) shows that livelihoods are, in part, dependent upon a households’ 

social capital, a more useful means of thinking about access to resources.  According to 

Bebbington (1999), social capital is an asset that enables wider access to resources and other 

actors, or what Woolcock (1998) refers to as “the norms and networks facilitating collective 

action for mutual benefit” (155).   In this way, access to social capital is often an important way 

that individuals are able to build sustainable, rural livelihoods (Bebbington 1999).  Among 

pastoralists, social capital and access to water and forage for their herds are key management 
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strategies (Galvin 2009).  Thus, one way for rural land managers to lessen vulnerability and 

improve adaptive capacity, is through increasing access to resources and social capital (Agrawal 

2009; Ribot 2009). 

The ways by which individuals respond to as well as reshape social and ecological 

systems, including those beyond the local stage, can also be revealed by using a livelihoods 

perspective (Rigg 2007).  As well, a livelihoods approach can be used to support local groups 

and cultures and strengthen local regulation (Rigg 2007).  For example, studies that examine 

pastoral livelihoods under changing socio-economic, political, and environmental conditions 

argue for increased participation and support on the part of governments to improve access to 

infrastructure (Fu et al. 2012; Rangecroft et al. 2013).  This can include provision of tanks and 

storage for fodder as well as increased market integration that are important for improving 

adaptation outcomes for pastoralists (Joshi et al. 2013; Rangecroft et al. 2013).  Studies also 

suggest that external aid should be used in combination with traditional knowledge, 

management, and practice (see Nori and Davies 2007; Fu et al. 2012; Joshi et al. 2013; 

Rangecroft et al. 2013).  Berkes et al. (2000), however, warn that support from socioeconomic 

structures, such as technologies dependent on fossil fuels and markets that provide loans, may 

mask loss of household resilience.  As well, this support may remove incentives for building 

intimate knowledge about the surrounding environment and adversely affect adaptive capacity 

(Berkes et al. 2000; Larios et al. 2013). 

In a different vein, other studies highlight that the boundaries between rural and urban 

livelihoods are becoming increasingly blurred (Bryceson 1996; Reardon et al. 2001).  This is the 

case for puesteros as they are increasingly turning to external markets and inputs, and studies 
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have examined the role of urbanization in reconfiguring rural livelihoods.  For example, 

Zollinger and Krannich (2002) identify key factors that influence rural, smallholder’s decisions to 

sell some of their agricultural land for non-agricultural land use.  Some of those factors include 

the lack of children to continue with the operation and diminishing profits from agricultural 

production due to changes in land use and market forces as well as other social factors that 

draw children from the farm and into urban areas.  As well, farmers’ perceived negative 

changes in the viability of continuing the family operation is a paramount concern (Zollinger and 

Krannich 2002).  Others describe the importance of rural nonfarm employment for rural 

households and livelihoods (see Bryceson 1996; Reardon et al. 2001).  Although activities 

occurring away from the farm tend to be overlooked as important parts of rural livelihoods, 

rural nonfarm employment could be a necessary component of continued farming (Bryceson 

1996).  The reason for the importance of non-agricultural rural employment may be due to 

changes taking place in rural communities over the last 50 years, including constraints on land 

availability caused by increased population densities in rural areas, investment in higher levels 

of education for youth remaining in the countryside, the transition from more temporary 

settlements to permanent ones, and increased rural infrastructure (Bryceson 1996).   

Using a livelihoods perspective to examine household management strategies among 

rural pastoralists offers a way to better understand the myriad linkages and responses that 

pastoralists in semi-arid to arid regions use to access and manage water. 
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CHAPTER 3 

METHODOLOGY 

To understand the ways puesteros meet their water needs and how their livelihoods are 

being shaped by dynamic linkages between environmental and socio-economic factors, this 

study employed household surveys, open-ended interviews, and participant observation.   

Fieldwork was conducted over a seven week period in June and July 2014.  A total of 14 

households participated in the surveys.  Twelve are located in the Department of Malargue and 

two in the Department of San Rafael.  Surveys were approved by the University of North Texas – 

Internal Review Board, and translated into Spanish prior to beginning fieldwork.  All interviews 

and conversations were conducted face-to-face in Spanish [Appendices A, B, C, and D].  All 

participants gave their informed consent to participate.  As well, in order to maintain 

participant confidentiality and anonymity, all puesto names were coded. 

Households were selected based on snow-ball sampling of participants.  Sampling in the 

Department of Malargue began at the household where I stayed over a three-week period.  

Households were selected according to those families and acquaintances known by the 

patriarch of the family, and were all located near the Grande River.  Conversely, the households 

in San Rafael were distant from one another (approximately 130 kilometers) – one located near 

the base of Sierra Nevado and the other outside the small town of 25 de Mayo.  The household 

near Sierra Nevado belongs to the puestero family where I resided for one-week during a 

preliminary investigation of the area in June 2013.  The other, near 25 de Mayo, was selected 

through a contact in the area.  Remoteness, lack of roads, distance between households, and 
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issues of trust from household occupants were all factors acknowledged prior to fieldwork, and 

were factored into the study design and size.  

Household surveys consisted of questions that were grouped and placed within different 

categories: a) household demographics; b) household water sources, access and strategies; c) 

government assistance and impacts; d) water quality and quantity; e) drought; f) irrigation and 

home gardens; g) migration, livestock, and land ownership; and h) operating status of water 

system [Appendix A and B].  The informal, open-ended interviews sought more detailed 

information on the role of government on water strategies, whether or not preparations are 

being made for drought response now and going forward, and how herds (the primary source of 

income and subsistence) are affected by these changes.  Informal conversations and participant 

observation took place when I joined herders in their daily activities, such as corralling, 

gathering water, going to market, looking for herds and preparing food. 
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CHAPTER 4 

RESULTS 

Examining water resource management among pastoralists in a water-limited 

environment does reveal important insight on the linkages between rural households, their 

local environment, and larger-scale process and mechanisms, such as increased changes in 

climate and development endeavors, and how these relationships shape household 

management practices and decisions.  These are the main findings.  

Water is utilized in all aspects of their daily lives – for the animals, drinking, cooking, 

bathing, cleaning, and home gardens.  Moreover, water is used in a conservative manner: only 

the minimal quantity of water required is used to carry out household tasks, like bathing, 

cooking, and cleaning.  For example, rather than using several liters of water to clean pots, 

pans, dishes, and eating utensils after a meal, two modest size bowls or small buckets may be 

filled halfway with water, one with soapy water for washing and the other with clean water for 

rinsing.  In this way, less than four liters of water are used to complete this task.  The same 

frugality was observed among other household duties. 

More than half of the sampled households depend on springs for their source of water, 

and nearly 43% and 7% rely on streams and other sources, respectively (see Table 1).  One of 

the households whose source of water is a stream, relies on water from the Grande River (see 

Fig. 4), although according to members of other households located in close proximity to the 

Grande River, this is prohibited without an expensive permit.  The only household not using a 

stream or spring for its water supply is located within a small town and receives water through 

pipes supplied by a local water plant.  With the exception of  this household, 54% of households 
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are located within 100 meters or less of their main water source, 38% are located more than 

100 meters but no more than 1000 meters from their water supply, and one household is 

located more than 1000 meters from their source of water (see Table 1).  Moreover, 86% of 

households are transhumant while 14% are sedentary.  The transhumant households are the 

twelve located within the Department of Malargue and in close proximity to the Andes, while 

the remaining two households in the Department of San Rafael are sedentary. 

Table 1: Pastoral household (n=14) water access, management, and utilization. 

Puestos Water 
 

Distance 
  

 
 

Collect 
 

Store 
 

Tank 
 

 

Indoor 
 

Irrigated, 
 

 
Espiiiii Stream ≤100 √ √ 200  √ 
Canc Spring 101-1000  √ 500 √ √ 
Aceq Stream ≤100 √ √ 200  √ 
Sobr Stream 101-1000 √ √ 200  √ 
Mala Spring ≥1001   N/A √ √ 
Mapu Spring ≤100 √  N/A  √ 
Moto Spring 101-1000  √ 1000  √ 
Hij Spring 101-1000  √ 450 √ √ 
Bard From 

 
N/A  √ 200 √ √ 

Pehu Stream/ 
 

101-1000  √ 200 √ √ 
Hero Spring ≤100 √  N/A   
Hera Spring ≤100   N/A √ √ 
Comp Spring ≤100 √ √ 3000   
Neva Stream ≤100 √ √ 500 √ √ 
        
Total --- --- 7 10 --- 7 12 
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                                    Figure 4: Grande River 
 
 

Members of half of the households collect water on a daily basis, some multiple times 

throughout the day.  Of the seven households from which individuals collect water daily, six are 

located within 100 meters of the water source and one is located between 100 meters and 

1000 meters.  Thus, members of households do not travel long distances to access their water 

supply.  The remaining six households employ systems of water transport from the source to 

the household using tubes, or canerias (see Fig. 5). 

 
        Figure 5: Use of Canerias for Water Transport 
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Ten of the fourteen households store water in large, plastic storage tanks, ranging in size 

from 200 liters to 3000 liters (see Table 1).  Half of the tanks utilized are 200 liters in capacity, 

30% are between 450-500 liters, and 20% are larger than 1000 liters.  Tanks are located on roofs 

(see Fig. 6).   The water is carried to the kitchen and bathroom.  Half of the households have 

some sort of indoor plumbing in order to bring water to the kitchen, and in some but not all 

cases, to the bathroom.  All but two households also manage water with canals designed to 

bring water to small cultivated garden plots and to fruit and nut trees. 

 

 
          Figure 6: Water Storage Tank 

 

There is also a clear divide between whether or not governmental assistance is available 

to puesteros depending on which department the households are located within.  The two 

households in San Rafael have been receiving governmental aid throughout the past 10 years or 

so; however, people interviewed report that this aid has steadily declined over the last couple 

of years.  This aid was used to help with the purchase of technology and infrastructure that 

could be utilized to better manage water resources.  Such aid is not equally distributed across 
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regions; for example, currently the twelve households in the Department of Malargue are 

receiving no assistance from the government. 

  Moreover, all households keep a small gallon bucket of water in the kitchen.  Even in 

households with kitchen plumbing, water is drawn from the bucket much more than from the 

faucet.  This is a common practice because of the effort required to fill the storage tanks located 

on the roofs.  Moreover, in many of the households, motors are used to pump water from 

streams and springs through tubes up and onto the roof in order to fill the tanks.  As well, in the 

winter, it is common for water to freeze in the tubes and storage tanks.  Some households melt 

snow in a small, metal pitcher, or caldera, near a fire, and the water stored inside the homes in 

gallon buckets.   

Table 2: Changes in puestero practices in response to changes in water supply. (n=14) 

Puestos Vegetables Fruits Fodder Medicinal Herd Size 
 

  
 

Water 
 

 
 

 

       
Espi √  √ √   
Canc √ √ (very 

 
√ √ √ √ 

Aceq √  √ √ √ √ 
Sobr √  √  √  
Mala   √  √  
Mapu √   √   
Moto √  √ √  √ 
Hij √  √ √ √  
Bard   √  √ N/A 
Pehu   √    
Hero N/A N/A N/A N/A   
Hera √  √ √ √ √ 
Comp N/A N/A N/A N/A √  
Neva √ √  √ √  
       
Total 9 2 10 8 9 4 
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In recent years, water has become more scarce and in informal conversations 

participants said that their water sources were drying up.  Several households reported that 

once important water sources had since disappeared, forcing them to find additional sources of 

water.  Table 2 shows the key changes taking place among puestero households as a result of 

decreased water supply.  These changes are reflected in home garden composition and 

fluctuations in herd size (see Fig. 7).  Twelve of the fourteen households maintain a small 

garden plot near their home.  Of those twelve, nine are growing vegetables, including squash, 

potatoes, onions, and garlic.  In addition, two households grow fruits, and eight have medicinal 

herbs in their home gardens.  More than 83% of households (10 of 14) cultivate alfalfa in their 

home gardens to feed the livestock and maintain their herds, and alfalfa is grown exclusively in 

three households. 

 
           Figure 7: Puestero Home Garden (Matthew Fry) 
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Not represented in the table, but stated by household occupants during visits and 

conversations, are the types of plants present in gardens.  Until recently, home gardens had 

much greater crop variety and yields.  Households reported growing many more fruits and 

vegetables in the past, and that they obtained higher yields of both.  For example, many 

households reported growing fruit in previous years, but are no longer able to grow them.  

Moreover, the two households producing fruit produce very little.  Fruits and vegetables have 

been replaced by fodder, because of decreases in herbaceous cover on grazing land over the 

last five years.  Thus, more fodder is produced in home gardens to offset the loss of pasture. 

Table 2 also shows that 9 of 14 households (63%) reported decreases in herd size.  This is the 

most serious implication of changes in climate, because household livelihoods rely on 

maintaining a healthy herd.  Therefore, decreased precipitation and drought are not only 

affecting water supplies, but are impacting the quantity of forage throughout the pasture.  Due 

to increased challenges in providing the necessary fodder for livestock, coupled with decreased 

herbaceous cover of pastures, the size of herds has declined.  Households reported that major 

decreases in the amount of newborns were associated with diminishing pasture. 
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Table 3: Puestero household demographics and assets (n=14; P = Primary Education, S = 
Secondary Education, and N = no education). 
 

Puestos # 
 
 

Household 
 

 

Household 
 
 

 

Vehicle Radio Satellite Water 
 

 
Espi 11 46; 51 P; P  √  √ 
Canc 3 31; 64; 69 P; P; S √ √  √ 
Aceq 2 49; 59 N; S  √  √ 
Sobr 4 27; 28; 45; 

 
N; N; P; S √ √  √ 

Mala 2 43; 48 P; P (i) √ √ √  
Mapu 2 23; 67 N; P √ √   
Moto 3 13; 32; 53 P; P; P √ √  √ 
Hij 4 12; 15; 41; 

 
P; N; P; S √ √  √ 

Bard 4 21; 24; 52; 
 

P; P; S; S √ √ √ √ 
Pehu 6 45; 46 P; P √ √ √ √ 
Hero 1 71 N     
Hera 2 58; 59 P; N √ √   
Comp 4 5; 7; 28; 34 P; P; P; P  √  √ 
Neva 2 64; 75 N; N √ √ √ √ 
        
Total 50 --- --- 10 13 4 10 

 
Surveys revealed differences in household age, level of education of household 

occupants, and household assets.  Households are older, with the majority of occupants ages 31 

or older (see Table 3).  Absent from the data shown in Table 3 is that the children are away from 

the household for most of the year attending school.  Increasingly, younger generations have 

greater access to education. 

Moreover, more than 71% of households own a vehicle, only 30% have television via 

satellite, and 71% have water storage tanks (see Table 3).  In addition, nearly 93% use radios 

that are government issued.  To generate electricity, eleven households use solar panels, two 

use motors and generators, and two receive it from nearby towns (see Fig. 8).  Furthermore, the 

majority of households reported having to purchase livestock feed and produce from markets 

that once grew in abundance on small garden plots.  This reveals an increased reliance on 

external inputs and markets in an effort to curb effects of changing water supplies, subsequent 
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changes in the abundance and variety of subsistence crops and animal fodder, and reduction in 

household members, or labor. 

 
              Figure 8: Households and Newer Technologies and Infrastructure 

Conversations with herders reveal that money seemed to be much more a concern than 

diminishing water supply.  The subject of money was mentioned frequently, and came up again 

and again throughout household visits.  For example, households mentioned that the costs of 

newer infrastructure and technology are increasing.  They reported that storage tanks cost 

roughly 80 pesos (about 8 U.S. dollars) about five years ago, but now cost nearly 800 pesos and 

higher (about 80 U.S. dollars).  Thus, the ability to benefit from newer technology seems to 

depend on the amount of available income. 

Finally, informal conversations revealed an increased trend in out-migration of children 

from rural, pastoral households to cities.  In turn, the amount of labor available to maintain 

households and herds is diminished.  Nevertheless, desire on the part of at least one child to 

stay in the household and continue this way of life persists among many puestero families. 
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CHAPTER 5 

DISCUSSION 

This study examined household water management strategies among puesteros, a group 

of livestock herders in west-central Argentina.  On the whole, households visited were their 

winter camps where the family resides most of the year.  With the exception of the family that I 

resided with for three weeks during fieldwork, summer camps were not visited.  Of the 14 

households that participated in the study, the two that are located in the Department of San 

Rafael are the only sedentary households.  The remaining twelve households located in the 

Department of Malargue in close proximity to the Andean cordillera are transhumant. 

Household visits, surveys, and participant observation reveal three major findings.  First, 

puesteros are changing the compositions of their home gardens due to environmental stressors.  

Second, puesteros use a fusion of traditional and modern water management strategies that 

serve to increase their ability to cope with climate variability.  Third, puesteros are increasingly 

linked to schools and markets in nearby urban centers that have both positive and negative 

effects on households. 

Puesteros have dealt with climate and weather variability and limited water supplies for 

generations.  More recently, decreased precipitation and more frequent droughts are impacting 

available water supplies, forage throughout grazing land, and crops within home gardens.  Thus, 

as changes in climate persist, challenges in maintaining a healthy herd and crop diversity within 

home gardens increase.  However, as of yet, puesteros do not perceive water availability as a 

major risk due to changing climate.  While conducting household surveys, household members 

seemed surprised to learn that I was there to understand the effects of climate on water supply 
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and their livelihoods.  In fact, after kindly answering my questions, the discussion tended towards 

the topic of money.  For example, after asking questions related to water storage tanks, they 

proceeded to tell me that the cost of tanks has increased more than ten-fold.  They expressed 

similar concerns throughout the visit and survey in regarding cost of produce, the amount of 

money they could get for selling livestock, as well as other technology and infrastructure.  Indeed, 

money and being more integrated into the market economy appear to be more of issues of 

concern, despite the challenges that water security poses in this arid region of Mendoza.  

Although I expected to find water to be the key issue and major driver of livelihood changes for 

puesteros, other things cropped up.  Household visits revealed that money and children leaving 

puestos for nearby cities and towns was more a concern than water supply at present.  Currently, 

it appears as though livelihood changes may be attributed more so due to economic reasons 

rather than environmental ones.  Despite this, survey responses did reveal interesting changes 

taking place throughout the pasture, households, and home gardens. 

Drought, decreased precipitation, and diminishing water supply are affecting amount of 

forage available throughout the pasture for animals to graze and crop diversity within home 

gardens.  The amount of forage available for the animals to graze is declining.  Because herd size 

is dependent on the amount and type of fodder resources, one of the most serious outcomes of 

decreased water due to drought is that most households report decreases in the number of heads 

of livestock due to declining fodder in recent years.  As a result, households replace much of their 

garden crops with livestock fodder, especially alfalfa, to be used for horses, mules, and cattle.  

Goats, hardy and well-suited to harsh environments (Alexandre and Mandonnet 2005), have a 

high ability to adapt to arid environments due to many factors including their small body size, 
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capability to reduce metabolism, high efficiency in digestion, and their low metabolic needs 

(Alexandre and Mandonnet 2005).  As well, goats perform well in harsh environments because 

of their opportunistic and selective grazing (Alexandre and Mandonnet 2005), such that alfalfa is 

not a necessary provision.  Instead, puesteros use alfalfa to provide for horses and mules and for 

cattle.   

More and more fodder is being produced in home gardens to offset pasture loss with 

alfalfa now grown exclusively in three households.  As well, decreased precipitation and drought 

make it much more difficult to grow more fruits and vegetables.  Households report that they 

were once able to grow more fruits and vegetables in previous years, but are now unable to do 

so as a result of changing climate.  Today, only two sampled households still grow fruit, and all 

households in the study grow fewer vegetables as well.  Thus, crop diversity is decreasing due to 

the replacement of subsistence crops with fodder for livestock as available forage decreases as 

well as the difficulty associated with growing more fruits and vegetables given conditions of 

lessening precipitation and drought. 

As well, households report that despite their efforts to curb the effects of loss of forage 

by growing more alfalfa in home gardens, they still have to purchase feed for livestock from the 

market.  Although not explicitly stated by household members, the decline in labor as children 

continue to leave the puesto may also be affecting their ability to maintain more diverse, home 

gardens and manage larger herds. 

Home gardens are an important part of puesteros’ subsistence repertoire.  Thus, the 

homogenization of puestero home gardens, in turn, could lead to longer-term effects, because 

the heterogeneity of home gardens improves subsistence land managers’ ability to cope with 
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changing socio-economic, political, and environmental conditions (Buchmann 2009; Larios et al. 

2013; Segnon and Achigan-Dako 2014).  As well, home gardens are important for maintaining 

agro-biodiversity and in managing and conserving resources (Ban and Coomes 2004; Marquez 

and Schwartz 2008; Velasquez-Milla et al. 2011; Larios et al. 2013).   In arid regions such as 

Mendoza where harvesting both subsistence and cash crops is already challenging and risky, loss 

of agro-diversity in home gardens can negatively affect the ability of puestero households to 

adapt to drought conditions, lessen their ability to generate income and meet subsistence needs, 

decrease food security, and negatively affect household nutrition (Mendez et al. 2001; Cuanalo 

de la Cerda and Mukul 2008; Marquez and Schwartz 2008; Winklerprins 2012; Larios et al. 2013; 

Segnon and Achigan-Dako 2014).  Although home gardens were not the primary focus of the 

study, household visits and conversations with household members revealed that home gardens 

were not only important for providing subsistence crops, but they also play an important role in 

their ability to cope with decline in available forage throughout the pasture and increase their 

ability to adapt to changes in climate.  

Furthermore, puesteros are increasingly turning toward external markets and inputs in 

order to mitigate risks associated with diminishing water supplies, decreased forage for livestock, 

and substantial decreases in the amount and types of crops grown in home gardens.  Nearby 

urban centers provide puesteros access to markets for purchasing fodder and resources for 

livestock, fruit and vegetables, and technology and infrastructure including solar panels, motors 

and generators, and water tanks. 

Although half of the sampled households continue to collect water without the aid of 

more modern means, nearly all employ a mix of traditional and more modern methods to move 
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and store water.  Newer practices include the use of large, plastic storage tanks, hoses for 

transporting water to storage tanks, motors for pumping the water through hoses and into 

storage tanks located on home roofs, and indoor plumbing.  Storage tanks vary greatly in size, 

but half of households own tanks that are 200 liters in capacity.  The duration of time that water 

lasts in a storage tank after being filled depends on various factors: whether or not plumbing is 

available in the bathroom which would increase water used from tanks for activities such as 

flushing toilets and bathing, number of family members, and whether or not the water is frozen 

– a common occurrence during winter months which prevents the use of water from storage 

tanks.  The household where I resided, for example, has a 500 liter tank.  The household had full 

plumbing available in the bathroom as well as the kitchen, and during my visit there were four 

individuals living there.  On average, a full tank would last approximately one week before 

needing to be refilled. 

Water from storage tanks is used for everything from cooking and cleaning to bathing and 

drinking.  The only thing it is not used for is for the animals.  Animals take water from nearby 

tubes that, with the exception of when water in tubes is frozen, is in constant flow.  Or, animals 

drink from nearby streams or springs, or wetlands known as vegas. 

Tanks, located on roof tops, are filled using tubes and a motor.  The motor is cranked to 

help drive the water through tubes as it carries water from a spring or stream and into tanks.  This 

process requires more time and energy than to re-fill and draw water from small gallon 

containers, because a person is needed to climb onto the roof, place the tube into the storage 

tank, and is then needed to climb back up and remove the tube after the tank is filled.  This is 

important as to prevent the water from spilling over and onto the roofs.  
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More traditional methods of water management include the construction of extensive 

home canals that are used to carry water to small garden plots and fruit and nut trees found 

surrounding the home, collecting water, and the use of small gallon buckets for storage.  Those 

that collect water, sometimes multiple times throughout the day, are located in close proximity 

to their source of water (a distance no greater than 1000 meters, although most are within 100 

meters).  The water is usually collected with gallon buckets on foot.  Small gallon buckets are 

ubiquitous throughout households, as they are ideal for drawing smaller quantities of water for 

more immediate uses such as preparing maté tea, cooking, cleaning dishes, and bathing.  As well, 

they are much easier to re-fill.  During the days when temperatures are below freezing, the small 

gallon buckets are relied on almost exclusively as water in storage tanks and hoses freezes.  

Frugality is also a common practice among all of the sampled households.  Only the minimum 

amount of water necessary to carry out a specific task (e.g., launder clothes, wash dishes) is used. 

Households with extensive canals use a large boulder or stone to block flow at certain 

points of the canal in order to allow water to overflow and water nearby gardens or fruit and nut 

trees.  As well, it is used to stop the flow of water to other parts of the canal system so that water 

can be collected, or so that it can be pushed through tubes and into storage tanks using a motor.  

As well, maintaining the canals is labor intensive as constant care must be taken to clear debris, 

primarily leaves, from canals to maintain a constant flow of water. 

Modern water storage methods provide numerous benefits, including the ability to store 

greater quantities of water, easier transport of water from the source to storage containers, 

efficient means by which to water garden plots, and the convenience that comes with indoor 

plumbing.  Moreover, by and large, those not using modern infrastructure report that newer 
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technologies and equipment, particularly large storage tanks, would make great improvements 

in their ability to manage their water resources.  Although care should be taken when transferring 

new technology to herders (Baied 1989), research among Andean communities demonstrates 

that low technology designs, such as tanks and water harvesting infrastructure, may increase the 

ability of communities to adapt to changes in climate by improving their means for managing 

water (Fu et al. 2012; Joshi et al. 2013; Rangecroft et al. 2013).  Local, regional, and national 

government policies may play an important role in the provision of such infrastructure and low 

technology designs, enhancing puesteros’ ability to cope with drought (Fu et al. 2012; Joshi et al. 

2013; Rangecroft et al. 2013). 

As well, other services concentrated within the urban areas such as schools and 

employment opportunities are working alongside climate stressors to draw people into the urban 

areas.  Moreover, access to nearby towns and cities has been made easier with the construction 

of more roads and with increased vehicle ownership.  Of the households surveyed, 71% own 

vehicles.  The remaining 29% of households rely on horses or mules for their means of 

transportation, and are limited in their ability to access resources and markets from distant towns 

and cities.  Together, with new market opportunities, changing assets (e.g., vehicles), and 

increased roads that make urban centers much more accessible, more children appear to be 

leaving households in search of employment opportunities and lifestyle desires.  On the whole, 

there is an increase in out-migration of children from puestero households to urban areas.  

Conversations with household members reveal that some of these reasons are due to not only 

increased enrollment in school which is linked to greater acculturation out of the puesto, but also 

because of seeking employment opportunities and the desire to live in a city; however, visiting 
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with households also revealed that this way of life is being continued due to the desire on the 

part of least one child to stay in the household and maintain the herds.  Combined, the loss of 

pasture, more frequent and prolonged droughts, diminishing water resources, loss of garden 

diversity and decreased yields are adding increased stress to puestero livelihoods and cause many 

to leave (Galvin 2009; Rangecroft et al. 2013).   

Despite these findings, there are uncertainties to the research regarding longevity of 

households, land ownership, and the amount of land utilized by households for grazing their 

livestock.  In most cases, household members were reluctant to reveal details of ownership, and 

number of heads of livestock.  As such, there are trust issues regarding some of their responses 

to survey questions, particularly those on land ownership and herd size. In addition to the 

aforementioned uncertainties, there were challenges and limitations to this study that included 

not only trust of households members and of survey responses, but also: barriers associated 

with language, the short-term duration of the study which included only one season, and the 

difficulty of visiting households due to their remoteness.  Future studies could further enhance 

understanding of puestero livelihoods if household visits are conducted both in summer and in 

winter.  Pastoral practices are seasonal, and thus, some puestero practices were not seen 

during fieldwork. Moreover, it would be valuable to include within household surveys and 

questionnaires questions pertaining to the issue of money.  A better understanding of the role 

money plays in shaping puestero practices and livelihoods and their ability to cope with 

changing climate is needed.  As well, further knowledge of to what degree increased expenses 

offset decreases in herd size would be valuable. 
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CHAPTER 6 

CONCLUSION 

Puesteros are like other pastoralists around the world.  Climate change, in particular, 

poses serious challenges to livestock herders especially those inhabiting semi-arid and arid 

environments.  To mitigate the effects of diminishing resources and to decrease risk, 

pastoralists depend on external markets and inputs.  For puesteros in this study, herd sizes are 

decreasing, money is becoming increasingly important as herders become increasingly 

integrated into the market economy, and access to urban centers is getting easier.  As a result, 

the ability of puesteros to adapt to present and future climate conditions hinges on social 

factors as much as it does on environmental ones, and on the complex interrelationships 

between them. 

Maintaining a livelihood dependent on livestock herding in the Monte Desert, Argentina 

comes with many challenges.  Where climate fluctuations are common and critical resources 

limited, not everyone seems to be cut out for it.  This is mostly evidenced by the fact that there 

are few children that want to stay while the majority eventually leave.  Supporting the ones 

who want to stay seems like the best solution moving forward.  In order for them to continue to 

practice an important regional cultural activity (one central to the cultural identity of Western 

Argentina) and do this in a sustainable manner, greater collaboration from numerous actors 

across multiple scales is necessary. 

In order to support pastoral livelihoods and their ability to adapt to present and future 

conditions, a more integrated approach involving the participation of local-level actors, 

communities, and higher-level institutions is required as well as the exchange of knowledge 
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between these (Postigo et al. 2008; Fu et al. 2012; Rangecroft et al. 2013; Postigo et al. 2014).  

Good decision making and development initiatives that address global issues are dependent 

upon good information. This knowledge base may be aided by the transfer of local knowledge 

into global scientific knowledge, and may help formulate alternative management solutions 

applicable to rangelands and other land use systems (Joshi et al. 2013; Rangecroft et al. 2013; 

Postigo el al. 2014).  Because pastoralists in particular are experienced at dealing with climatic 

variability and uncertainty and unpredictable resource availability over many generations, they 

may have valuable lessons to share that may help develop practical solutions to natural 

resource management and adaptation to climate change (Postigo et al. 2008; Joshi et al. 2013).  

Moreover, pastoralists are becoming increasingly linked to higher-level institutions that 

can help bolster their livelihoods.  As Galvin (2009) notes: “The paradox of pastoralism is that it 

needs security to protect its flexibility” (192).  Higher-level institutions, therefore, may support 

more possible adaptation outcomes by providing greater assistance to puesteros, such as low-

technology infrastructure that aids in their ability to more efficiently manage water resources 

(Fu et al. 2012; Joshi et al. 2013; Rangecroft et al. 2013) in addition to a more sound, social 

insurance system (Joshi et al. 2013).  Increased market integration for households may also 

improve adaptation outcomes for puesteros as it offers additional opportunities and ways to 

diversify their means of earning income, reducing vulnerability particularly when economic and 

environmental conditions are unfavorable (Fu et al. 2012; Joshi et al. 2013).  Increasing their 

consumption and production opportunities may also be facilitated by government support (Fu 

et al. 2012). 
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  Although diminishing water supplies have the potential to pose serious threats to 

pastoral livelihoods, there remains considerable uncertainty surrounding the effects of these 

changes.  Fluctuations in climate and the increased presence of the “outside world” in the rural 

countryside of western Argentina raises important issues that may guide future research.  Does 

being more integrated into the market economy make pastoralists more or less vulnerable, and 

to what degree are they dependent on the vagaries of the market?  Given the impinging effects 

of climate on pasture, agriculture, and water resources in drylands, what role can the 

government play to support livelihoods in these more harsh environments?  Can reducing the 

stress on pastoralists (e.g., by improving water availability and access) help lessen the incentives 

for migration to urban centers?  How can the viability of pastoral livelihoods be increased given 

the increased presence of the “outside world”? 

Indeed, much remains to be understood in terms of the complex interrelationships 

between rural livelihoods and rapid global change.  Shifting the focus from the global to the 

local and centering our attention on livelihoods (Rigg 2007) may provide valuable insight into 

the ways in which individuals are responding to change and may inspire the development of 

alternative management solutions.  To effectively address global change issues, increased 

participation by actors from all scales and integration of a variety of different knowledge and 

skills is needed. 
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Julie Parker – Household Survey 
 
Household ID: 
Department: San Rafael ____     Malargue ____ 
 
 
Household Demographics: 
Number of people in household: 
Name(s): 
 
 
Age(s): 
Gender(s): 
Education: Middle School ____ High School ____ Some College ____  
Exterior wall material(s): Brick/Cement Block ____ Adobe _____ Rock ____ Wood ____ Cane 
____ Other ____: Specify: _______________________________________ 
Bathroom? Yes ____ No ____  Water avaialable inside bathroom faucet(s)?  Yes _____ No ____ 
Inside toilet? Yes ____ No ____ Water available inside toilet? Yes ____ No ____ 
Water available inside kitchen faucet? Yes ____ No ____ 
Indoor plumbing? Yes ____ No ____ 
House has electricity? Own motor ____ Solar panel ____ Other ____ None ____ 
Residents have: Radio ____ Television ____ Satellite ____ 
Vehicle? Yes ____ No ____ 
 
 
What is the source(s) of water? Rainwater ____ Stream ____ Well ____ Spring ____ Other ____ 
Ownership of water sources: Public _____ Private ____ 
If private, owner’s name: ____________________________________________ 
Where are the sources of water? 
 
 
How often do you go to collect water? a) Daily b) Weekly c) Bi-weekly d) Monthly e) Never 
How far do you go to collect water? __________________________ 
What is the total fetching time (includes getting to and from source and filling container(s): 
 
If using a well, how many days have you gone without water in the nearby well? 
How high is the water table (measure depth of well)? 
Water supply reliability – on a scale of 1 to 5 (1 being very unreliable and 5 being very reliable):  
1   2   3   4   5 
 
Months of the year it is reliable? 
Months of the year not reliable? 
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What are your household uses for water? a) Drinking b) Cooking c) Animals d) Homegardens e) 
Bathing f) Cleaning  
 
Do you store water? Yes ____ No ____ 
If yes, how do you store water? a) Reservoir tank b) Other 
___________________________________ 
If using a reservoir tank, what is its total capacity? _____________ liters 
Was the water reservoir tank(s) provided by the government? Yes ____ No ____ 
What, if any, was the cost? ____________ pesos 
When did the household receive water reservoir tanks from the government? 
What is the condition of the reservoir tank? a) Good b) Satisfactory c) Poor 
 
What other technologies and infrastructure have been provided by the government? Household 
____ Radio(s) ____ Solar Panels ____ Batteries ____ Generator(s) ____ Satellite ____ Medicine 
(for animals) ____ Medicine (for residents) ____ Other ________________________________ 
 
 
Year received: 
 
Has more modern infrastructure provided by the government improved your ability to store, 
obtain, and transport water? Yes ____ No ____ 
What infrastructure or technologies have helped most in your ability to store and obtain water? 
 
Is there infrastructure or technology that has not been provided by the government that would 
improve water practices and security substantially? Yes ____ No ____ 
If yes, what would they be? 
 
 
Quality of the water: a) Good b) Satisfactory c) Poor 
Quantity of water by flow at: a) Stream __________ b) Spring __________ 
Quantity of water during summer months? a) Good b) Satisfactory c) Poor 
Quantity of water during winter months? a) Good b) Satisfactory c) Poor 
Do your water practices change during times of drought? Yes ____ No ____ 
Do your water practices change during plenty of rainfall? Yes ____ No ____ 
 
Have you experienced a drought within the last year? Yes ____ No ____ 
If no, when was the last time you experienced a drought? 
How long did the last drought last? 
How frequently do droughts occur? 
Have droughts become more frequent?  Yes ____ No ____ 
Has the duration of droughts become longer? Yes ___ No ____ 
On average, how long do the droughts last? 
By what percent do you have to decrease your herd size due to drought? 
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Operating status of water system: a) functioning well b) partially functioning c) not functioning 
 
At present, is there water source conflict in the stream? Yes ____ No ____ 
Well? Yes ____ No ____ 
Spring? Yes ____ No _____ 
Rainfall? Yes ____ No ____ 
 
At present, is there need of improvement in the water? Yes ____ No ____ 
If yes, specify type of improvement needed: Water Quality ____ Water Quantity _____  
At present, is there a need for repair of physical structures (generators, reservoirs, hoses, etc.)? 
Yes ____ No ____ 
If yes, which structures? 
______________________________________________________________________________ 
 
 
Irrigated land area of household: _______________________________ 
Length of canal: ________________ feet 
Depth of canal: _______________ feet 
Present water consumption: ______________________ liters/day 
Does your water consumption change throughout the year? Yes ____ No ____ 
If yes, how?  When? 
 
 
Water Source Information 

Type of source: a) Spring b) Spring-snow-fed stream c) Stream d) Well e) Rainfall f) Other water 
body 

GPS Reading: 

X: ______________ Y: _______________ Elevation: _______________ Accuracy: 
__________________ Reading Number: _____________________ 

Source yield: 

Measured yield (lps) Flow measurement 
Method/Instrument 

Date measured 
(dd/mm/yy) 
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Source disputes: (describe possibility of source dispute) 

 

Present use of source: (drinking/cooking/bathing/irrigation/livestock/others) 

 

Managed home garden (mainly for self-consumption): 

Home garden 
Component 

Vegetable Fruit Medicinal Fodder 

Tick (One or 
more) 

    

 

Seasonal migration for livestock grazing? Yes _____ No ____ 

If yes, how far? 

Livestock herded: Cattle ____ Goats ____ Sheep ____ Other _____ Specify: 
__________________________ 

Do you: Own the land ____ Lease the land ____ 

 

Open-ended Questions 

Drought: when, frequency, return interval, duration, severity? 

 

 

How does water access, storage, use, and transport change in response to drought? Plenty of 
rainfall? 

 

 

How has more modern infrastructure and technology impacted your water practices (access, 
use, storage, transport)? 
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Has an increase in land purchases in addition to fencing affected your access to water? 

 

 

If yes, how? And, how long have you been accessing a particular source of water before you 
were cut-off? 

 

 

At what times of the year and under what circumstances would you access that water source? 

 

 

Has government policies impacted water supply, access, use, storage, and transport?  If yes, 
how? 
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Julie Parker – Household Survey 
 
ID de la Unidad Domestica: 
Departamento: San Rafael ____     Malargue ____ 
 
 
Demografía de la Vivienda: 
Número de personas que viven en el puesto: 
Nombre(s): 
 
 
Edad(s): 
Género(s): 
Educación: Primaria ____ Secundaria ____ Terciaria ____  
Material de las paredes externas de la vivienda: Ladrillos/Cemento ____ Adobe _____ Roca 
____ Madera ____ Caña ____ Otra ____: especificar: 
_______________________________________ 
Baño? Si ____ No ____  Agua disponible en el interior de las cañerías del baño?  Si _____ No 
____ 
Inodoro en el interior? Si ____ No ____ Agua disponible en el inodoro? Si ____ No ____ 
Agua disponible en las cañerías de la cocina? Si ____ No ____ 
 
Cañerias en la parte interior de la casa? Si ____ No ____ 
La casa tiene electricidad? Motor propio ____ Panel solar ____ Otro ____ Ninguno ____ 
Residentes tienen: Radio ____ Televisión por aire____ Televisión por Cable ____ 
Vehículo? Si ____ No ____ 
 
 
Cuál es su fuente/s de agua? Lluvias ____ Arroyo ____ Pozo ____ Vertiente ____ Otras ____ 
Propiedad de las Fuentes de agua: Publico _____ Privado ____ 
En caso de que sea privado, cuál es el nombre de los dueños: 
____________________________________________ 
Dónde se encuentran las fuentes de agua? 
 
 
Cuán a menudo va a buscar agua? a) Diariamente b) Semanalmente c) Cada dos semanas d) 
Mensualmente e) Nunca 
Cuán lejos debe ir para buscar agua? __________________________ 
Cuánto es la cantidad de tiempo que le demanda ir a buscar agua (Incluyendo la ida y vuelta 
hasta la fuente de agua y el llenado de los contenedores: 
 
Si utiliza un pozo de agua, cuantas veces se ha quedado sin agua en su pozo? Y por cuántos 
días? 
A qué altura están las napas freáticas? (profundidad del pozo de agua) 
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Confiabilidad en la fuente de agua –En una escala del 1 al 5, (siendo 1 lo menos confiable y 5 lo 
más confiable): 1   2   3   4   5 
 
Cuáles son los meses del año en que la disponibilidad de agua es confiable? 
Y cuáles son los meses en los que la disponibilidad de agua no es confiable? 
 
Ud. utiliza el agua para a) Tomar b) Cocinar c)Dar de beber a los Animales d) Huerta e) Bañarse 
f) limpiar  
 
Almacena agua? Si ____ No ____ 
En caso de que su respuesta sea afirmativa, Cómo almacena el agua? a)En tanques b) Otras 
___________________________________ 
Si usa tanques de reserve, cuál es la capacidad total? _____________ litros 
El tanque de reserve fue provisto por el gobierno? Si ____ No ____ 
Tuvo algun costo? cuánto? ____________ pesos 
Cuando el puesto recibió el tanque de reserva por parte del gobierno? 
 
En qué condiciones se encuentra el tanque de reserva? a)Buenas b) Satisfactorias  c)Malas 
 
Qué otras tecnologías o infraestructuras han sido provistas por el gobierno? Vivienda ____ 
Radio(s) ____ Paneles Solares ____ Baterías ____ Generador(es) ____ Satélite ____ Medicina 
(para animales) ____ Medicina (par residentes) ____ Otras 
________________________________ 
 
 
Año de arribo: 
 
La infraestructura provista por el gobierno, ha aumentado su capacidad para almacenar, 
obtener y transportar agua? Si ____ No ____ 
Cuál es la infraestructura o tecnología que más ha contribuido a su capacidad para almacenar y 
obtener agua? 
 
Existe alguna infraestructura o tecnología que no haya sido provista por el gobierno que puede 
ser útil para mejorar substancialmente las condiciones de obtención del agua? Si ____ No ____ 
Si su respuesta es sí, cuáles serían? 
 
 
Calidad del agua: a)Buena b)Regular c) Mala 
Cantidad de agua que circular por a) Arroyo__________ b) Vertiente__________ 
Cantidad de agua durante los meses de verano? a) Buena b)Regular c)Mala 
Cantidad de agua durante los meses de invierno? a)Buena b)Regular c)Mala 
Sus prácticas de recolección y uso del agua, cambian durante los meses de sequía? Si ____ No 
____ 
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Sus prácticas de recolección y uso del agua cambian durante momentos de lluvia abundante? Si 
____ No ____ 
 
Ha experimentado algún evento de sequía durante el último año? Yes ____ No ____ 
Si la respuesta es no, cuando ha sido la última vez que Ud. recuerda un evento de sequia? 
Cuánto duró el ultimo evento de sequía? 
Cuán frecuentemente ocurren las sequías? 
Ha notado que las sequias son más frecuentes últimamente?  Si ____ No ____ 
Ha notado que las sequias son más prolongadas últimamente? Si ___ No ____ 
En promedio, cuánto dura una sequía? 
En qué porcentaje se reduce su piño de chivos debido a la sequía? 
 
 
Estatus operacional del sistema hídrico: a)Funciona bien b)Funciona parcialmente c) no está 
funcionando 
 
En el presente, existe algún conflicto de agua en el arroyo? Si ____ No ____ 
Pozo? Si ____ No ____ 
Vertiente? Si ____ No _____ 
Lluvias? Si ____ No ____ 
 
 
Cree que existe la necesidad de mejorar el aprovisionamiento de agua? Si ____ No ____ 
En caso de que su respuesta sea Si, especifique el tipo de mejoramiento que necesita: Calidad  
de agua____ Cantidad de Agua _____  
En el presente, existe alguna necesidad de reparar de las estructuras físicas relacionadas con el 
abastecimiento  de agua? (generadores, reservas, molinos, etc.)? Si ____ No ____ 
En caso de que su respuesta sea Si, qué estructuras? 
______________________________________________________________________________ 
 
 
Tierras irrigadas en el área de la vivienda: _______________________________ 
Largo del canal: ________________ pies 
Profundidad del canal: _______________ pies 
Cantidad de litros de agua que consume por día: ______________________ litros/día 
Su consume de agua cambia a lo largo del año? Si ____ No ____ 
En caso de que su respuesta sea afirmativa, cómo? cuándo? 
 
 
Información sobre las Fuentes de Agua 

Tipo de fuente: a)Vertiente b) Vertiente-arroyo alimentado por el deshielo c) Arroyo d) Pozo e) 
Lluvias f) Otros cuerpos de agua 
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Valores otorgados por el  GPS : 

X: ______________ Y: _______________ Altitud: _______________ Exactitud: 
__________________ Reading Número: _____________________ 

Punto tomado: 

Rendimiento medido (lps) Medida de flujo 
Método/Instrumento 

Fecha 
(dd/mm/aa) 

   
   
   
   
   
   

 

Disputas sobre la fuente: (describa posibles disputas sobre la fuente) 

 

Uso de la fuente: (Tomar/cocinar/bañarse/irrigación/ganado/otros) 

 

Huertas (principalmente para consume personal): 

Composición de 
la Huerta  

Vegetales Frutas Hiervas 
Medicinales 

Pasturas 

Tildar (uno or 
mas) 

    

 

Migración estacional para pastar animales? Si _____ No ____ 

En caso de una respuesta afirmativa, cuán alejado esta el otro puesto? 

Ganado: Vacuno ____ Chivos ____ Ovejas ____ Otros _____ Especificar: 
__________________________ 

Es usted: dueño de la tierra ____ Arrienda la tierra____ 

 

Preguntas abiertas: 
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Sequía: cuándo, frecuencia, intervalos, duración, severidad? 

 

 

De qué manera el acceso, reserva, uso y transporte del agua ha cambiado en respuesta a los 
momentos de sequía? Abundancia de lluvias? 

 

 

De qué manera la infraestructura moderna y la tecnología ha impactado en sus prácticas de uso 
del agua (acceso, uso, almacenamiento, transporte)? 

 

 

Ha habido nuevos propietarios de las tierras qe rodean su puesto que hayan puesto alambrados 
que hayan afectado el acceso al agua? 

 

 

En caso de que su respuesta sea afirmativa, de qué manera esto afectó? Y, cuánto tiempo Ud. 
Ha accedido a una fuente de agua específica antes de que su acceso haya sido restringido? 

 

 

En qué momentos del año y bajo qué circunstancias Ud. accedería a esa fuente de agua? 

 

 

Han impactado las políticas del gobierno en el aprovisionamiento del agua, el acceso el uso, el 
almacenamiento y el transporte de la misma? En caso de respuesta afirmativa, de qué manera? 
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INTERNAL REVIEW BOARD – APPROVAL FOR RESEARCH 
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APPENDIX D 

INTERNAL REVIEW BOARD - APPROVAL OF SPANISH CONSENT FORM 
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