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Abstract 
 

The global restructuring of productive systems in the last few decades has led to the rapid 
expansion of large-scale, industrial agriculture. This agricultural expansion has occurred by means of 
the acquisition and consolidation of vast tracts of land by agribusinesses, fundamentally changing the 
dynamics of land control. In order to secure access to resources, agribusinesses employ tactics of 
privatization and enclosure, which are supported by state-led processes of legalization and 
territorialization, as well as tactics of intimidation and violence. For smallholders faced with such 
pressures, maintaining access to land and resources is of critical importance. Here, we examine how 
changing access to land and resources influences what livelihood strategies smallholders are able to 
pursue in the Argentine Gran Chaco, a region that is experiencing high rates of deforestation for the 
expansion of large-scale soybean and cattle production. Our findings indicate that the ability of 
smallholders to engage in activities critical to their livelihoods has been impacted by changes in access 
brought about by the expansion of commodity frontiers in the Gran Chaco, leading to a restructuring 
of these activities. In particular, we found that cattle and goat herding were constrained by the spatial 
conditions and relational pressures associated with frontier expansion, possibly leading to a greater 
reliance on pig rearing, but that smallholders who deployed access mechanisms, such as working with 
lawyers to obtain land titles, were better able to maintain these activities. Our results demonstrate the 
value of adopting a disaggregated view on the different dimensions of smallholder access, and more 
generally highlight the need to assess smallholders’ access to land and resources, rather than merely the 
availability of resources, in order to better understand the impacts of agricultural commodity frontier 
expansion and properly target policy to reduce smallholder vulnerability. 
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1. Introduction 
 
In recent decades, growing commercial returns, market pressures, and policy changes have 

incentivized investment in the food industry, leading transnational companies to become increasingly 
involved in agricultural production (Holt Giménez and Shattuck, 2011; Le Billon and Sommerville, 
2017). High inputs of capital and technology, as well as subsidies for agriculture, have allowed 
agribusiness to rapidly consolidate and convert large tracts of land to industrial agriculture (Borras et 
al., 2011; Cotula, 2012). Agricultural expansion has thus become the principal driver of land use change 
globally (Curtis et al., 2018; Lambin and Meyfroidt, 2011). Along with the ecological implications of 
the conversion of natural habitats to cropland, the expansion of large-scale, commodity agriculture has 
entailed drastic changes in the dynamics of land control and resource distribution, prominently in 
regions characterized by high levels of poverty and tenure insecurity. Unable to confront agribusinesses, 
many smallholders globally have been displaced as a result (Amanor, 2012; Araghi, 2009; Havnevik, 
2011). Yet the consequences of the expansion of large-scale agriculture for smallholders are not limited 
to their physical expulsion - changes to smallholders’ ability to access land and resources may affect the 
viability of their livelihood strategies, even where they manage to resist displacement (Cáceres, 2015; 
Li, 2014). To fully understand the extent of these effects, we therefore need to examine how the ability 
of smallholders to engage in different activities critical to their subsistence changes along with the 
expansion of commodity agriculture. 

Argentina provides a suitable case study to explore the impacts of modern agricultural 
expansion on the livelihood strategies of historically forest-dependent smallholders. The adoption of an 
agro-export model for socioeconomic development has led the country to become, in under thirty years, 
a major producer and exporter of agricultural commodities (Otero, 2012; Richardson, 2009; Sly, 2017). 
Argentina’s rapid ascension to the top tier of the global commodity market has required the drastic 
restructuring of both its territory and its productive systems. The cornerstone of the country’s productive 
reconfiguration has been the uptake of the “modelo sojero” (soy model) - the large-scale mechanized 
production of genetically-modified (GM) soybeans (Leguizamón, 2014). Between 1996 and 2015, the 
surface area dedicated to soybean cultivation in the country increased by 308% (MAGyP, 2021) and by 
2017, Argentina had become the third largest global producer and exporter of raw and processed soy 
products (after the U.S.A. and Brazil) (FAO, 2021). 

To attain the production levels that have positioned the country as a global export power, there 
has been an important shift away from cattle rearing and maize production towards soybean cultivation 
in the Pampean region of central Argentina (MAGyP, 2021). But the expansion of soybean farming has 
not remained contained within Argentina’s central agricultural core. Due to a number of climatic, 
technological, and market factors that converged to simultaneously broaden the area suitable for soy 
cultivation and increase the profitability of export-oriented agriculture (Basualdo, 2006; Hoyos et al., 
2013; Satorre, 2005), soybean production rapidly expanded into the sub-tropical dry forests of the Gran 
Chaco ecoregion of northern Argentina at the turn of the century (Gasparri 2016; Gasparri et al. 2013). 
From 1996 to 2018, the area of soybean cultivation in the northern provinces of Formosa, Salta, Chaco, 
and Santiago del Estero increased by 2,500% (24,000 ha), 265% (274,012 ha), 380% (343,994 ha) and 
791% (898,772 ha) respectively (MAGyP, 2021). These increases have been tightly coupled to 
deforestation for cattle production, as the expansion of soy occurs predominantly on pastures, which 
are consequently pushed further outwards into forestland (Fehlenberg et al., 2017; Gasparri and le 
Polain de Waroux, 2015). Together, the advance of coupled soybean and cattle production frontiers 
have resulted in the deforestation of approximately 5 million hectares in the Argentine Gran Chaco in 
the last two decades (Chisleanschi, 2020). 

The advance of commodity frontiers into the forests of the Argentine Gran Chaco has been 
paralleled by changes in the dynamics of land control that have significant implications for how, and by 
whom, land and resources can be accessed. Through the legal, political, and economic empowerment 
of agribusiness, the modelo sojero has led to the concentration and accumulation of land and resources by 
the latter, principally by means of physical enclosures (i.e., fencing) and the formalization of private 
ownership through land titling (Cáceres 2015). Amongst the most impacted by these changes are rural 
smallholders, whose minimal financial, technological, and political capabilities stand in stark contrast to 
those of large-scale commodity producers. Multiple factors including lack of state intervention, the high 
entry costs of transgenic soy production, and the increasing valuation of land, have contributed to 
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effectively excluding smallholders as participants in Argentina’s “soy-ization” process (Lende, 2015). 
High levels of tenure insecurity in the Gran Chaco have further exacerbated processes of exclusion. 
Indeed, few smallholders hold formal legal titles in the region, relying rather on protections afforded 
through rights of continued occupancy (Law 20396 relating to “prescriptive acquisition”) (Barbetta, 
2009; Verbic, 2016). Yet the legal and illegal acquisition of land titles by agribusiness, as well as the 
leasing of land through contractual agreements, have occurred irrespective of smallholder presence 
(Cáceres et al. 2011). As a result, the expansion of commodity frontiers in the Gran Chaco has led to the 
widespread displacement of smallholder communities towards urban centers (Gorenstein and Ortiz, 
2016; Sacchi and Gasparri, 2016). 

For smallholders who have so far resisted displacement, the changes to land control that have 
accompanied the expansion of commodity frontiers pose serious challenges to the reproduction of their 
livelihoods. Where deforestation for commodity production has taken place, smallholders must contend 
with the absence of forest resources that are critical to their subsistence. But the potential impacts of 
commodity frontier expansion on smallholders go beyond forest availability. Notably, the fencing and 
privatization of land create barriers across a landscape where smallholder resource use and management 
has traditionally been at least partly communal (Altrichter and Basurto, 2008; Jara and Paz, 2013). 
Consequently, along with displacement pressures, the access constraints faced by smallholders are likely 
pressuring them to adapt by shifting livelihood strategies (Aguiar et al. 2016; Cáceres et al. 2010; Bessire 
2014). Yet there is little understanding of how these novel constraints posed by the expansion of 
commodity frontiers shape smallholder decisions about and opportunities for different livelihood 
activities.  

The goal of this paper is to address this knowledge gap by assessing the effects that temporal 
and spatial differences in access have on rural smallholder strategies. To do so, we first build on the 
theoretical literature on access to develop three constructs to empirically describe smallholder access. 
We use original data from interviews with smallholders in Argentina to produce metrics of these 
constructs and apply statistical models to assess how they relate to common livelihood strategies in the 
region. We put our quantitative results in context with qualitative data from the same population. 
Finally, we conclude with some theoretical and practical implications from the study.  
 

2. Conceptual framework and background 
 
2.1 Frontiers of land control 
 

At a broad conceptual level, a land frontier has been defined as a situation where there is 
simultaneously an abundance of land and natural resources and a scarcity of labour and capital (Barbier, 
2012; Di Tella, 1982). The potential for expansion of a given set of practices (i.e., the exploitation of 
new sources of relatively abundant resources for production purposes (Barbier, 2010)) is premised on 
the existence of an “abnormal” rent – in other words, an economic rent that exceeds the bid rent or 
land price (Barbier, 2012; Di Tella, 1982). The formation of this abnormal rent and, accordingly, the 
“opening” of the frontier from an economic stand-point, is driven by factors such as the availability of 
cheap labor, changing agro-environmental conditions, technological innovations, changes in producer 
and consumer prices, and the instauration of legal and economic incentives (Gasparri et al., 2015; le 
Polain de Waroux et al., 2018).  

Land frontiers also constitute spaces in which the governance of land is defined or re-defined 
(Thaler et al., 2019). Peluso and Lund (2011, p. 668) refer to “new frontiers of land control” – “sites 
where authorities, sovereignties, and hegemonies of the recent past have been or are currently being 
challenged by new enclosures, territorialization, and property regimes”. The “newness” of these 
frontiers pertains not only to the modern land grabbing process, but also to the contexts created by the 
arrival of new actors, new labour processes, new rules of ownership and access, and new mechanisms 
for challenging previous land control regimes (Peluso and Lund, 2011). Within these contemporary 
frontiers of land control, the state often plays an active role in the redesign of the norms of access to 
resources, by facilitating the establishment and expansion of agribusiness into areas deemed to have 
productive “potential” (d.L.T. Oliveira, 2013; Rudel, 2007). Large-scale commodity producers have (or 
are given) the power to enclose and to privatize vast tracts of land (Kelly and Peluso, 2015; Rasmussen 
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and Lund, 2018). Their claims are often strengthened by the legalization and institutionalization of their 
new ownership (d.L.T. Oliveira, 2013; Wily, 2012), as well as by the use of violence (or the threat of it) 
(Nolan et al., 2020; Schetter and Müller-Koné, 2021). Meanwhile, rural smallholders with lower 
financial, technological, and social capabilities, typically lack such state support and face high levels of 
tenure insecurity and poverty (Rigg, 2006; Scoones, 2015; Shalizi, 2003), making contemporary 
frontiers arenas of competition characterized by stark power asymmetries (Dhingra and Tenreyro, 2021; 
Thompson, 2021).  

These asymmetries strongly disadvantage rural smallholders. While some smallholders may 
benefit from higher returns to land and labour as large farms expand (Deininger and Xia, 2016; 
Reardon et al., 2009; Rist et al., 2010), large-scale land acquisitions rarely lead to poverty reduction (Li, 
2011). More commonly, changes in land control associated with the expansion of commodity 
agriculture result in the partial or complete dispossession of rural smallholders – in other words the loss 
of their ability to benefit from land and resources (Amanor 2012; Havnevik 2011; White et al. 2012, 
Cáceres, 2015). In the most extreme case, the claiming of land by commodity producers leads to the 
displacement of smallholder communities. But where smallholders manage to remain in place, 
dispossession may take subtler forms. In situations where their livelihood opportunities have been 
limited, smallholders may shift strategies in order to “hang in” (Dorward et al., 2009). Such shifts can, 
in the long term, undermine the sustainability of their livelihoods. For example, in shifting to extractive 
activities that are more immediately remunerative, such as logging, smallholders may step into poverty 
traps where poverty reinforces the depletion of forest resources (Sunderlin et al. 2005). Dispossession in 
commodity frontiers thus goes beyond displacement, as it can also entail the physical and institutional 
exclusion of people from their means of production and reproduction (Li, 2014; Makki, 2014).  

 
2.2 Access and livelihoods 

 
The livelihood implications of commodity frontier expansion for smallholders ultimately 

depend on whether and to what extent they are dispossessed of their means of production. 
Dispossession, as defined by Cáceres (2015) building on Harvey (2003), refers to the process by which 
people are impeded from gaining or maintaining access to resources. As such, access, or the “multiplicity 
of ways people derive benefits from resources, including, but not limited to, property relations” (Ribot 
and Peluso 2003, p. 154), is a key concept for understanding the social impacts of commodity frontier 
expansion. To examine how differences in access in commodity frontiers shape the livelihood 
capabilities and strategies of smallholders, we draw on three complementary frameworks: the 
Sustainable Livelihoods Framework (Scoones, 1998, 2015), the Theory of Access (Ribot and Peluso, 
2003), and the Powers of exclusion framework (Hall et al. 2011).  

The Sustainable Livelihoods Framework describes people’s livelihoods based on their livelihood 
context, their livelihood capitals (i.e., assets), the institutions and processes that mediate people’s 
livelihood strategies, and their livelihood outcomes and trade-offs (Scoones, 1998). Characterizing the 
livelihood context are the conditions, trends, shocks, and seasonality that influence a person’s 
vulnerability. Within a given livelihood context, people have a set of available assets, characterized as 
human, social, natural, physical or financial capital. The amount, diversity, and balance between assets 
(i.e., the asset bundle) influences the livelihood strategies adopted (i.e., the livelihood portfolio), with 
more assets creating more livelihood strategy options from which a person or household may choose 
(Ifejika Speranza et al., 2014). While the Sustainable Livelihoods Framework identifies that access (and 
influence) link people’s asset bundle to their livelihood strategies (Donohue and Biggs 2015; DfID 1999), 
several authors have highlighted the fact that the framework does not expand further on the elements 
of access and power that form the critical connection between people’s capabilities and their strategies 
(for example Haan and Zoomers, 2005; and Scoones, 2015).  

These elements can be unpacked through the Theory of Access (Ribot and Peluso, 2003), a 
heuristic framework in which access is understood by analyzing three interacting processes: the social 
actions of gaining, maintaining, and controlling access. Ribot and Peluso (2003) refer to ‘gaining access’ 
as the process by which access is established, ‘controlling access’ as the mediation of another’s access, and 
‘maintaining access’ as the process of expending resources to keep a particular form of resource access open 
(Ribot and Peluso, 2003). The overall condition of a person’s access is characterized by the relative 
importance of each of the three processes. To illustrate, in the case of commodity frontier settings, 
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agribusinesses and state actors often control resources, meaning that smallholders must maintain their 
resource access through negotiation with the latter. Although the processes of gaining, maintaining, and 
controlling access are dependent of one another, the importance that each has at any given time can 
vary depending on what access mechanisms are used by a given actor. According to the categorization 
proposed by Ribot and Peluso (2003), access mechanisms can be either rights-based, including both 
legal (e.g., property) and illegal mechanisms (e.g., theft), or structural and relational, which include the 
technology, capital, markets, knowledge, authority, social identities, and social relations that shape how 
and to what extent people are able to gain, maintain, and control access.  

When examining the impact of changes in land control on the livelihood strategies of a specific 
actor, as is the intent here, it is useful to examine both the processes by which people maintain their 
ability to benefit from land and resources by deploying access mechanisms and the counter process of 
exclusion by which people are prevented from benefiting from them. In the Powers of Exclusion 
framework, the power to exclude others is seen to operate through regulation (“It is not allowed”), force 
(“I’ll get hurt if I try”), markets (“I can’t afford it”), and legitimization (“It’s wrong”) (Hall et al. 2011). 
As noted by Hansen et al., (2020) the “Powers of Exclusion” framework runs parallel to and often 
overlaps with “A Theory of Access”, but emphasizes “force” (which Ribot and Peluso only discuss under 
“illicit access”).  

To assess people’s ability to benefit from land and resources, and the effect of this ability (or 
lack of ability) on which livelihood strategies they can or cannot employ, we build on these three 
frameworks and disaggregate smallholder access as: 1) the mechanisms they deploy to gain and maintain 
their access to land and resources [access mechanisms]; 2) the relational processes with other actors through 
which they are excluded from benefiting from land and resources [relational access pressures]; and 3) the 
spatial conditions to access to which they are exposed [spatial conditions]. The latter serves more 
specifically to assess the effect of access and exclusion to sufficient space to perform different livelihood 
activities, a critical element in the dynamics of land use in agricultural commodity frontiers (del Giorgio 
et al., 2021). We draw on these three conceptual constructs to guide our assessment of the effects of 
differences in access (both spatially and temporally) on smallholder livelihood strategies in commodity 
frontier settings. 
 
 
2.3 Land control dynamics in the Argentine Gran Chaco  
 

Two main categories of smallholder actors are commonly differentiated in the Argentine Gran 
Chaco. One of these are Indigenous groups, who practice a mix of hunting, craft-making, and forest 
product harvesting, as well as small-scale agriculture, seasonal wage labor, and public-sector 
employment (Braunstein and Meichtry, 2008; Gordillo, 2004; Miller, 1999). The thirteen Indigenous 
groups of the Argentine Gran Chaco (Censabella, 1999) are mostly confined today to areas much 
smaller than their traditional lands, and oftentimes do not have titles to the land they occupy (Luna, 
2018). This situation is a product of historical changes in land and resource control and the imposed 
servitude (encomienda), imprisonment, and killing of thousands of Indigenous peoples by Spanish colonists 
in the late 1700s (Gordillo 2004; Salinas 2008) and by the Argentine Republic through the 1800s and 
1900s (Corte and Recalde, 2011) – practices which were supported by state narratives of the Gran 
Chaco as a vast, hostile, and backwards desert (Gordillo and Hirsch 2008).  

A second smallholder actor of importance in the region are criollos, a term that is used in 
Argentina to refer to people of either Spanish or of mixed Indigenous and European descent (Dasso, 
2010). In the Chaco, criollos commonly live in homesteads called puestos and practice a mix of 
subsistence farming, livestock herding, hunting, and occasional contract work (Chamosa, 2008; 
Krapovickas and Longhi, 2013; Miller, 1999). In forested areas, they also extract wood to produce 
charcoal or fence posts which are generally sold to local intermediaries (Morello et al., 2013). Criollo 
puestos were historically often developed in areas with unresolved property rights (Altrichter and Basurto 
2008). The implementation of neoliberal policies in the 1980s and the ensuing privatization of land 
considered “empty” by the state resulted in few criollo families holding formal land titles (Gomez, 2009; 
Jara and Paz, 2013).  

The majority of criollo and Indigenous smallholders of the Argentine Gran Chaco live in 
conditions of precarity. Along with the highest proportion of tenure-insecure inhabitants in Argentina 
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(Barbetta, 2009), the northern provinces also have the highest levels of rural poverty (Bolsi and Meichtry, 
2006; Cattania et al., 2011). Cardona (2006) notes the lack of market infrastructure, inadequate social 
services, and insufficient water provisioning in the region. The capabilities of these smallholders stand 
in stark contrast to those of large-scale commodity producers, who have access to important streams of 
financial and technological capital and are generally able to secure formal land titles. Along with 
financial and technological capabilities, agribusinesses are supported by state-led strategies of 
territorialization and legalization which institutionalize, and thus effectively facilitate, large-scale 
investment in land for the purpose of commodity production (Dietz & Engels, 2017; Jara and Paz, 2013). 
Examples include the “Plan Estratégico Agroalimentario” (PEA 2010-2020), a federal initiative aimed, 
among other things, at promoting the expansion of large-scale industrial agriculture, and which 
proposed to increase the total area under cultivation in Argentina by 27% and the number of cattle 
heads by 5 million (PEA, 2010); or the national “Plan Estratégico Territorial” (PET 2011), which, in 
concordance with the PEA (2010), proposed to improve infrastructure for the development of the 
industrial sector but neglected to support other agricultural models, thereby excluding most rural 
smallholders from the development strategy (Secretaría de Obras Públicas, Argentina, 2018) (Abt, 2015; 
Kossoy and Jovanovich, 2011).  

The process of consolidation and accumulation of land and resources that is taking place as 
commodity frontiers expand in the Chaco reflects the power asymmetries between smallholders and 
agribusinesses. In the stages leading up to the deforestation of plots for the eventual production of 
agricultural commodities, agribusiness companies (largely hailing from the provinces of Santa Fe, 
Córdoba, and Buenos Aires) consolidate their control of and access to land through a number of 
mechanisms. Land titles may be purchased or otherwise acquired for a given area. Because there is little 
to no control by the state over which lands are formally placed for sale, legal land transactions regularly 
occur for land under smallholder occupancy (Goldfarb and Haar 2016). Investors may also illegally 
appropriate land by falsifying property titles (Abt, 2015). Where that land is occupied, investors may 
resort to several strategies. Families may be offered land elsewhere or financial compensation in 
exchange for leaving their land, or they may be asked to pay rent in return for their continued 
occupancy. In situations where families refuse to negotiate, investors may resort to threats, violence, and 
other means of coercion (Estrada, 2010). Although the Argentine constitution recognizes the rights of 
smallholders as formal landowners after twenty consecutive years of active occupancy (Art. 4015 and 
2384 of the Civil Code), state officials and judges oftentimes fail to enforce the “twenty-year” law (Jara 
and Paz, 2013). Smallholders are thus often left without legal recourse to claims of private ownership 
by outsiders.  

Paralleling these legal and illegal tactics, agribusinesses consolidate control over land and 
resources through the erection of wire fences (alambrados). The fencing of the perimeter of claimed land 
is a mechanism used simultaneously to exclude people and livestock and to strengthen legal claims to 
private ownership (del Giorgio et al., 2021), and has led to the fragmentation of a landscape where 
resource use by smallholders is oftentimes communal (Altrichter and Basurto 2008; Paz and Jara 2012). 
Together, the physical enclosure and titling of land by agribusiness, along with supporting practices of 
territorialization, legalization, and violence, are fundamentally changing the dynamics of land control 
in the Argentine Gran Chaco (Goldfarb and Haar 2016).  
 
 

3. Data and Methods 
 
3.1 Study area 
 
 The study area was delimited by the legislative boundaries of the department of Pellegrini, 
which is located in the province of Santiago del Estero (Figure 1). In the department, most people 
identify as criollo. Here, we will refer to them using the term campesino (peasant), which denotes social 
class rather than ethnicity and is applied locally to both Indigenous and criollo smallholders. Population 
rose in the department of Pellegrini by 21% between 1991 and 2001 and by 5% between 2001 and 
2010, to reach a population of 20,514 inhabitants (mostly concentrated in towns) in 2010 (INDEC, 
2021). Although more recent statistics were not available, local informants report that the population of 
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the largest town of the department, Nueva Esperanza, grew from less than 5000 in 1990 to between 
10,000 and 15,000 inhabitants in 2019, due in part to campesino families moving from rural to urban 
areas (both from within Pellegrini and from neighboring departments and provinces). As such, there 
were likely many more people living in Pellegrini in 2019 than reported in the Argentine Nacional 
Census of 2010 (INDEC, 2010).  

At the time of the study, commodity frontiers in Pellegrini were expanding from the core 
agricultural areas of the province of Tucumán. The department had a combination of old frontier 
conditions in the south-west (where the consolidation of land for commodity production by agribusiness 
began prior to 2000), active frontier conditions in the center and centre-north (characterized by the 
development of large-scale soybean and maize cultivation and/or cattle production operations, initiated 
between 2010-2019), and early frontier conditions in the south-east and north-east of the department 
(where land speculation and exploratory activities were taking place in still-forested areas). Pellegrini 
thus presented a suitable range of frontier conditions within a relatively limited study area (7,330 km2), 
permitting the study of the impacts of differences in access on livelihood activities. 

 

 
Figure 1. Map of the Department of Pellegrini, located in the Province of Santiago del Estero, Argentina.  
 

3.2 Data Collection  
 

Primary data were collected by the first author through 80 structured interviews with campesinos 
in the study area between May and August 2019.  Prior to formal data collection, a one-month 
exploratory period was dedicated to forming local contacts, establishing trust with campesino 
communities, and refining interview questionnaires. The structured interviews, conducted in Spanish 
by the first author, covered three main topics: Livelihood strategies, practiced today (2019) and about 
twenty years ago (approx. 2000)1; assets, income and demographics; and access dynamics (discussed 
subsequently). A combination of purposive and snowball sampling was used to identify households for 
interviews. Households were approached through local collaborators, with explicit attention to 

                                                
1 Survey questions relating to baseline conditions were structured as “About twenty years ago, around the year 2000, what 
were conditions relating to x livelihood/access dynamic”. 
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representing all main livelihood strategies present within community groupings. All respondents were 
heads of households (either men or women) who identified as criollo.  

Primary data on land control dynamics were also collected by the first author through four 
focus groups, through casual conversations and observations reported in a journal, and through six 
unstructured key-informant interviews with community leaders and elders. During three of the four 
focus groups, participants (numbering between 7 and 15) were asked to discuss the dynamics of land 
control and access within the community. The fourth focus group was held during a meeting of the land 
committee (Mesa de Tierra) of Pellegrini. Land committees in the region were formed by local priests as 
a form of campesino resistance during the peak of land conflicts (2000-2010). Although in fewer numbers, 
community leaders from Pellegrini continue to meet to discuss issues of land grabbing and conflict in 
the department. Following one such meeting, the first author mediated a mapping exercise through 
which the assembled community leaders (10) were prompted to discuss changes in the dynamics of 
access due to the expansion of large-scale agriculture in Pellegrini. All data collection protocols were 
reviewed and approved by the Research Ethics Board Office of McGill University.  
 
3.3 Qualitative analysis 

 
We analyzed qualitative evidence from data collected through focus groups, key informant 

interviews, and informal interviews. Field notes were first transcribed and individual observations and 
entries were subsequently coded and grouped according to three main themes: changes in livelihood 
strategies; dynamics between actors; and access mechanisms and changes in land control. We then used 
inductive coding within each theme to identify emergent narratives and categories. Our qualitative 
findings on land control dynamics and changes in smallholder livelihoods informed the variable 
selection for the empirical models and provided a platform with which to interpret the quantitative 
results.  
  
3.4 Empirical models  
 

To complement our qualitative results on the relationship between access to resources and 
campesino livelihoods, we developed a first empirical model to analyze the effects that differences in access 
across space have on smallholder livelihood activities (hereafter “cross-sectional analysis”). This model 
integrates our three dimensions of access, which we call access mechanisms, relational access pressures, and 
spatial conditions of access.  

Access mechanisms, following Ribot and Peluso’s Theory of Access (2003), can be conceptualized 
as a portfolio of observable characteristics that relate to the agency and choices that smallholder 
households make to maintain their access to land and resources, such as whether the household is able 
to and chooses to deploy tactics of privatization, enclosure, or representation - in other words, a person’s 
“bundle of powers” or capabilities (Leach et al., 1999; Sen, 1989). Relational access pressures relate to 
dynamics of smallholder exclusion through a portfolio of powers exerted by others. Spatial conditions of 
access in turn refers to the degree of physical restrictions experienced by smallholders more generally to 
space. Thus, while the first dimension emphasizes smallholder agency at the household level and the 
second dimension emphasizes pressures transmitted to smallholder households through their 
interactions with other actors, the third dimension emphasizes the spatial distribution of access 
mechanisms and pressures that are simultaneously applied and experienced by different actors.  

The model for the cross-sectional analysis can be represented as follows: 
 

𝐿"# = 𝑓(𝑀", 𝑃", 𝑆"#, 𝐶")	(𝐸𝑞. 1) 
 
where: 𝐿"#	is a measure of a livelihood activity a for household i; 𝑀" is an index of the access mechanisms 
deployed by household i; 𝑃" is an index of relational access pressures experienced by household i; 𝑆"#,	is 
an index of spatial conditions of access at the location of household i and specific for livelihood activity 
a; and 𝐶" are a vector of controls (demographics, education, other endowments etc.).  
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Additionally, to assess the effects of differences in access across time, rather than space, on 
smallholder livelihood strategies, we developed a second model that incorporates changes in livelihood 
strategies over time: 

 
∆𝐿"# = 𝑓(𝑀", 𝑃", ∆𝑆"# , 𝐶")	(𝐸𝑞. 2) 

 
where ∆ indicates change between times 𝑡5 (~2000) and 𝑡6 (2019) for the different variables. Ideally this 
model would include changes in access mechanisms and access pressures over time as well. However, 
our data do not contain information on mechanisms and pressures at the earlier time period, so we use 
the data collected in 2019 as a static indictor in equation 2. 

We expect relational access pressures experienced by campesinos to constrain their capabilities 
and thus to negatively affect both their likelihood of participating in a given livelihood activity and the 
intensity of that participation. In contrast, we expect the access mechanisms deployed by campesinos, as 
well as better spatial access conditions more generally experienced at the location of the household (i.e., 
the higher the S, the fewer spatial access restrictions) to increase their capabilities, and thus to positively 
affect the likelihood of participating in a given livelihood activity and the intensity of that participation.  
 
3.5 Variable selection and index calculation 
 

We developed two indices from observable variables that represent access mechanisms and relational 
pressures. We first discuss variable selection for each of these in turn. Based on the main access 
mechanisms applied by campesinos to maintain their access, as identified through our qualitative analysis 
(discussed subsequently), we chose seven access variables to form the access mechanisms index (Table 1), 
encompassing both rights-based and structural and relational mechanisms as characterized by Ribot 
and Peluso in the Theory of Access (2003). The first four represent different legal mechanisms used to 
maintain and strengthen control over land and resources: whether the household had a property title 
and, if not, whether they were involved in an active legal process to obtain a property title; whether the 
household paid land taxes; whether the household was represented by a lawyer; and whether the 
household had cleared forest to demarcate their land. A fifth variable, whether the family had erected 
fences around forested land, captured both legal and technological mechanisms used by campesinos, since 
fences are recognized as legal claims of occupancy while also serving to physically exclude external 
claimants from accessing land and resources. The last two variables, whether the household was 
involved or had support from MOCASE (a local campesino organization) and whether the household was 
represented by a community association, both served to capture whether campesino families had access 
to knowledge about their rights as well as support, legally and emotionally, when sustaining claims. 
These last two thus more directly represented the social relationships that enable people to benefit from 
land and resources.  

 
 

Table 1. Variables included in the access mechanism index  
Access mechanisms Description Response 

Property title/In legal process 
Whether the household has a property title 
and if not, whether they are involved in an 
active legal process to obtain a property title. 

Property title 
Active legal process 

No property title/legal process 

Pay/paid land taxes Whether the household pays or used to pay 
land taxes. 

Yes 
Before yes, now no 

No 

Represented by lawyer Whether the family is currently represented 
by a lawyer. 

Yes 
No 

Family cleared demarcations Whether the household has cleared forest to 
demarcate their land. 

Yes 
No 

Family fenced forest Whether the household has fenced forest. Yes 
No 

Involved/supported by 
MOCASE 

Whether the household is involved or has 
support from MOCASE (campesino 
organization). 

Not involved or supported 

Involved or supported 

Represented by association Whether the household is represented by a 
community association. 

Yes 
No 
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We chose eight variables to form the relational pressures index (Table 2). The first variable, whether 

a member or members of the household had experienced violence or threats, captured powers of force 
used by external actors to gain and control access to land and resources. Whether the family was in 
conflict with farms, neighbors, or others (i.e., speculators, investors etc.) served to capture processes of 
exclusion due to both powers of regulation and force resulting from interactions between each of these 
different pairs of actors. Whether actors directly or indirectly involved in commodity production had 
fenced land in the vicinity of the household captured whether there were processes of physical and 
institutional exclusion of campesinos in the area surrounding the household, relating to powers of 
regulation, legitimization, and market. The last three variables (i.e., whether the household had been 
asked to sign papers; whether the household was offered a sum in exchange for their land; and whether 
the household had been offered a certain amount of land) captured powers of force and market enacted 
through processes of negotiation and coercion, and thus pressures for campesino households to relinquish 
control over their access. 

 
Table 2. Variables included in the relational access pressures index 

Relational access pressures Description Response 

Received violence or threats 
Whether a member or members of the household have 
experienced violence or threats made by actors directly or 
indirectly involved in commodity production. 

Yes 

No 

Conflict with farms Whether the household is involved in a conflict with a farm. Yes 
No 

Conflict with neighbors Whether the household is involved in a conflict with neighbors. Yes 

No 

Conflict with others Whether the household is involved in a conflict with others (i.e. 
speculators, investors etc.). 

Yes 

No 

Fences erected by others Whether actors directly or indirectly involved in commodity 
production have fenced land in the vicinity of the household. 

Yes 

No 

Offered to buy land Whether the household has been offered sum in exchange for 
their land. Measure of pressure. 

Yes 

No 

Asked to sign papers Whether the household has been asked to sign papers. Measure 
of pressure. 

Yes 

No 

Offered amount of land Whether the household has been offered a certain amount of 
land. Measure of pressure. 

Yes 

No 

 
We aggregated these variables into two indices using factor analyses on polychoric correlation 

matrices2. We used the first factor obtained from each of the polychoric factor analyses to represent 
access mechanisms and relational access pressures respectively. These indices thus represent the state of 
access mechanisms and pressures across the period analyzed, and therefore the same indices are used 
for the cross-sectional and the change analyses. 

To represent spatial conditions of access index, we used an index developed by del Giorgio et al. 
(2021), which is a quantitative measure of restrictions on access to space for different livelihood 
opportunities. The index is based on the density and spatial arrangement of barriers to access (e.g., 
fences, roads) within a livelihood-specific buffer. We use the index values for different livelihood 

                                                
2 Given that the selected access mechanism variables were either bivariate or ordinal, traditional principal component 
analysis (PCA) using Pearson’s correlation was not well suited to produce the aggregate indices (Drasgow, 1986). In order 
to meet the assumption of normality and of equal correlations between the discretized versions of the variables and the 
“true” correlations of the unobserved variables underlying the PCA (Kolenikov and Angeles, 2004), we first computed a 
polychoric correlation matrix for each set of variables using the polycor package (Fox, 2019). With the polychoric matrices 
as primary inputs, we then conducted factor analyses using the psych package in R (Revelle, 2021; R Core Team, 2020). 
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activities (e.g., cattle rearing, goat rearing, charcoal production etc.) as proxies for the amount of land 
available for use at the location of each household in each of the corresponding livelihood activity 
models. The index was available for the two timepoints analyzed, allowing us to calculate a difference 
in spatial conditions of access between 2000 and 2019, at the location of each household surveyed, for 
the change analysis3. 

We used the following explanatory variables in our cross-sectional models to represent 
livelihood strategies: number of cattle; number of goats; number of pigs; charcoal production (assessed 
by the number of kilns per household); whether the family produced fence posts; whether members the 
household hunted; whether the household engaged in agricultural employment (including seasonal 
migration and/or local wage labour on farms); and whether the household engaged in non-agricultural 
employment (which grouped whether household members had or worked in a commerce or if one or 
more household members was employed as a teacher in 2019).  
For the change models, we proceeded differently for numeric and binary variables. We included the 
number of cattle, goats, and pigs (i.e., numeric activity variables) as differences between 2000 and 2019. 
The change between 2000 and 2019 in participation for binary strategy variables (i.e. fence post 
production, charcoal production, hunting, and agricultural employment) was captured as one of the 
following three “paths”: If the household participated in the activity both in 2000 and 2019, or if the 
household began participating in the activity after 2000, the change path was coded as “Entry or 
Always”; if the household did not participate in the activity in either 2000 or 2019, the change path was 
coded as “Never”; and if the household participated in the activity in 2000, but no longer did in 2019, 
the change path was coded as “Exit”. We were not able to assess the effect of access on the change in 
non-agricultural employment, due to insufficient data. 

Lastly, we used a combination of primary and secondary data for control variables (Table 3). 
The cost-distance from households to towns allowed us to control for remoteness as well as spatial 
clustering of the data, as community history, preferences, and location could influence livelihood 
choices. We used Euclidean distance to rivers (perennial or intermittent) to control for accessibility of 
water, which can influence whether campesinos are able and choose to engage in different livelihood 
activities. These distance metrics were calculated based on data provided by Argentine national ministry 
of agriculture, livestock, and fisheries (MAGyP, 2020). We also included the dependency ratio, 
education level of each household, and femininity index, as demographic controls that could influence 
activity choice. Due to high levels of multicollinearity, we did not include the household size (i.e., 
number of members), soil organic carbon stock, or the number of years since the household’s 
establishment as controls in the models. 
 
Table 3. Summary of independent variables included in the empirical models.  

Independent variable Description 

Access mechanisms (M) Composite of access mechanisms variables, produced using polychoric factor analysis. 

Relational access pressures (P) Composite of relational access pressures variables, produced using polychoric factor analysis. 

Spatial conditions of access (C) Indicator of access condition for a specific livelihood at the household’s location. Produced for 
the study area by del Giorgio et al. (2021). 

Dependency ratio (%) Number of household members over the age of 15 and under the age of 65, divided by the total 
number of household members. 

Average member education (score) Levels of education assigned as follows: <5 years of education = 0; 5-10 years of education = 
0.5; +10 years of education = 1. Levels then averaged across all members 15 years or older. 

Femininity index (score) Sex assigned as: Male = 0; Female = 1. Household femininity averaged across all members 15 
years or older. 

Distance to town (weighted km) 
Cost distance calculated by distinguishing between dirt roads (cost = 10), consolidated roads 
(cost = 1), and no roads (cost = 1000), and then applying a cost-distance function to extract the 
least-cost distance value to town for each household.  

Distance to water (km) Euclidean distance from household to nearest river (intermittent or perennial). 

 

                                                
3 Due to respondent’s difficulty to report area values, we were not able to complement the index with data collected 
through surveys on the amount of land actually held or used by households. The spatial dimension of the models thus 
captured the total potential amount of land available for use by a household for a given livelihood activity. 
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3.6 Statistical analysis 
 

After compiling summary statistics on the collected quantitative data, we used a combination 
of multivariate regression techniques to assess whether the different access indices significantly impacted 
smallholder livelihood activities. For the cross-sectional analysis (Eq. 1), we used binomial logit 
regressions to estimate the effects of access on whether households participated in fence post production, 
hunting, agricultural employment, and non-agricultural employment in 2019. These models are well 
suited to predict the probability that an observation falls into one of two categories of a dichotomous 
dependent variable (Hilbe, 2009). We then applied double-hurdle models to estimate the effect of access 
on (separately) the number of cattle, goats, pigs, and kilns for charcoal production in 2019 (Kleiber et 
al., 2008). Double hurdle models account for overdispersion produced by an excess of naturally 
occurring zeros (Cragg, 1971; Mullahy, 1986) and partition the model into two components that mimic 
smallholders’ decision-making process. First, a binary outcome model (usually probit or logit) estimates 
the probability that a zero threshold is crossed (here, whether or not a household engages in the 
livelihood activity). Second, a left-truncated count function models the factors that relate to the intensity 
of participation in that livelihood activity (i.e., in the case that they have cattle, how many cattle they 
choose to have) (Cameron and Trivedi, 1998). We applied binomial logit and Poisson with log link 
models for the first- and second-stage components, respectively.  

For the change analysis (Eq. 2), we applied multinomial logistic regressions to assess the effects 
of access on changes in the livelihood activities that we recorded in categorical terms as “entry or 
always”, “never” or “exit” pathways4. Multinomial logistic regressions are a simple extension of binary 
logistic regression that allows for the estimation of unordered categorical responses (Hilbe, 2009) and 
this type of model was thus suitable for the variables that had been coded for these three change “paths”. 
For other livelihood activities that were recorded in quantitative terms at the two time points analyzed, 
we used double-hurdle models to assess the effects of access on the change in the number of animals 
held5. 

4. Results and discussion 
 
4.1 Changes to campesino livelihoods  

 
Prior to the arrival of large-scale, industrial agriculture beginning in the 1980s, people report 

that the livelihood portfolio of campesinos living in Pellegrini was composed mainly of livestock rearing 
(principally of goat and cattle, but also to a lesser extent of sheep) in open or communally managed 
forest, hunting, and small-scale agriculture for subsistence purposes. Charcoal production represented 
one of the only income-generating activities in the region, and was either conducted independently, 
with families owning their kilns and selling the charcoal to intermediaries, or campesinos were hired by 
second parties to work in timber workshops known as obrajes. Many people also traveled seasonally for 
agricultural employment in other provinces, principally in Tucuman and Salta. These were still the 
main activities in the early 2000s, when the impacts of agribusiness expansion started being felt in the 
degree to which campesinos participated in these activities. 

Between 2000 and 2019, the mean number of cattle, goats, and pigs per household decreased 
significantly, from 37 to 20, 43 to 10, and 12 to 7, respectively. In 2019, most of these animals were still 
grazing in open or communally-managed forests (63% of respondents, with 19% reporting that their 
livestock also fed in private or fenced forest, and 14% of respondents reporting that their livestock also 
fed in private or fenced pasture) and kept for subsistence (23% of respondents reported selling cattle and 

                                                
4 All households reported having been established before the year 2000 or being associated to the productive activities of 
their family nucleus (in the four cases where a young couple moved into a new house but reported that their family had 
been established over twenty years ago in the region).  
5 There were two possible ways of obtaining a zero from calculating the change in livestock: zero produced due to no 
change in livestock number (“always” and, furthermore, constant production path), and zero produced by the household 
never having had that livestock (a “never” path). To distinguish between these two zeros types in the double-hurdle 
models, a constant was added to all the observations except the “never” observations. In this way, the binary outcome 
function modeled the probability of the “never” threshold being crossed, and the left-truncated Poisson function modeled 
the degree of change for all observations that crossed the “never” threshold. 
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18% reported selling pigs, while only 9% reported selling goats). Meanwhile, many respondents (42%) 
indicated that they no longer practiced subsistence hunting, and no households indicated taking it up 
between 2000 and 2019. One-third (32%) also reported having exited charcoal production between 
2000 and 2019, more than those who maintained (18%) or took up the activity (13%; 37% never 
produced charcoal). Similarly, 37% of households said they exited the production of fence posts between 
2000 and 2019, and very few (6%) took up the activity in the same time frame - another 46% reported 
never having produced fence posts, pointing to the potential selectivity of this activity based on exposure 
to demand from agribusiness. Lastly, the vast majority (74%) of households reported exiting agricultural 
employment (i.e., employment on nearby farms and/or migration for seasonal agricultural 
employment). This general decline in the participation in multiple livelihood activities was only partially 
compensated by the availability of pensions and family support, and by employment outside of 
agriculture (e.g., trade, employment in schools or as taxi drivers).   

 
4.2 Dynamics of access and land control at the frontier 

 
Our interviews revealed the land control dynamics exerted by small- and large-holders in 

Pellegrini today, highlighting the enormous power differentials between these actors. Agribusinesses, 
politicians, and investors typically claim ownership to land by acquiring property titles. When the land 
in question is occupied or actively used by campesinos, these external actors resort to several strategies. 
They may first offer campesinos a sum of money, usually much below the formal land price, to leave their 
land, or they may ask them to sign documents handing over the rights of occupancy, often on the false 
premise that what they are signing are documents in support of infrastructural improvements. Because 
many campesinos in the region are illiterate, the signing of written documents can be considered a coercive 
strategy. Of the households that participated in the survey, 19% reported being offered a sum in 
exchange for their land, 18% reported having been asked to sign papers, and 12% reported having been 
offered land elsewhere in exchange for ceding way to agricultural operations. External actors also erect 
wire fences (alambrados) along the perimeter of the claimed land, which simultaneously serves to 
physically exclude campesinos and to reinforce claims of ownership by active use. Seventy-seven percent 
of surveyed households reported that fences had been erected by external actors in the vicinity of their 
household, with about as many of those (76%) stating that the fences had been erected by agribusiness 
actors. Forest demarcations and infrastructure such as charcoal kilns and water pumps also serve to 
demonstrate active occupancy. If an inspection by an official is required as part of the titling process, 
interviewees reported that investors could go as far as to build temporary kilns on the land. Respondents 
noted that officials from the office of the cadastre may also be offered bribes to hasten the titling process. 

In contrast to agribusinesses and other investors, campesinos have fewer mechanisms at hand to 
maintain access to land and resources. One is to pay land taxes, which allows them to claim rights of 
occupancy. However, only 28% of households reported paying land taxes. We identified three main 
reasons for this. First, many lacked knowledge about how to do so and/or lacked personal identifying 
documents (i.e., passport or national identity document) that are legally necessary for the process. 
Second, many of those who had paid land taxes in the past stopped doing so because they felt that 
ultimately it did not help them secure land titles. Third, the financial burden of paying taxes made that 
option inaccessible for many campesino families. Another mechanism used to maintain access is fencing 
land: while this runs counter some of the management traditions in the area, many households did 
consider fencing an option. Yet even where campesinos wish to enclose land, the high cost of metal wire 
and the labour required to erect fences limit the extent to which they are able to do so. Of the households 
surveyed, just over a quarter (27%) reported that they had fenced forestland in the vicinity of their 
household – the majority (54%) saying that they had done so to protect their land and resources. The 
clearing of forest demarcations, another important tactic used to claim rights of occupancy, is less costly 
than fencing, and is thus more commonly used as a mechanism to secure access by campesino families – 
about half (47%) of the surveyed households had cleared forest to demarcate their land.  

All these strategies ultimately serve as proofs of occupancy in support of obtaining land titles. 
However, the prohibitive cost of land titling makes it an inaccessible tactic for many campesino families. 
Despite the fact that families claimed to have been established in the area for over 80 years on average, 
only 22% of surveyed households held a property title for their land. Those families with the means to 
start a land titling process (as 31% of surveyed households were doing at the time) were faced with a 
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lengthy and difficult process. The family must legally prove before a jury the active and continued 
occupancy of land over ten years (“short” acquisition) or over twenty years (“long” acquisition) to qualify 
for “prescriptive acquisition” as part of Art. 4015 and 2384 of the Civil Code. If incapable of doing so, 
they must follow the conventional titling process and present, among other documents, the following: 
identity document/passport, shareholders' register, last registration of the administrative body, cadastral 
certificate, tax valuation, cadastral plan, and demonstration of compliance with Article 10 of Law No. 
26737 signed by a qualified professional registered in the jurisdiction (province). Many campesinos in the 
region have invested significant portions of their income to have land plans drawn and to pay lawyers 
for the titling process, which can drag on for years. At the time of the survey, 31% of households were 
represented by a lawyer, and the average amount of time since a family had begun a legal process to 
claim a land title or to contest claims made by others was ten years. Ultimately, these families were 
commonly told that their land plans had been lost during processing, and people felt that their lawyers 
often failed to represent their interests due to bribing by agribusinesses.  

Along with the enclosure and privatization of land, external actors seeking to consolidate 
control over land may also resort to intimidation, threats, and violence. During the height of 
deforestation in the region between 2001 and 2010, armed guards hired by agribusinesses commonly 
patrolled fenced perimeters. Although the presence of these matones (translating to “killers”) is less 
common today, campesinos continue to face intimidation. Multiple informants reported that their 
livestock had been purposely run over by trucks when grazing close to roads, and that it was common 
for large landowners to shoot livestock that crossed into their farms. This is consistent with findings by 
Cáceres (2015) and Abt (2015), who discuss similar tactics of intimidation and violence used against 
campesinos. Multiple people also reported that they and their families did not want to venture into the 
forest anymore, for fear of being shot at or beaten. The vast majority of surveyed people (73%) reported 
that a member or members of their household had experienced violence or threats made by actors 
involved in agricultural commodity production. Family members routinely receive verbal threats by 
farm managers and intermediaries, including children as they walk to school. Less commonly, there 
have been instances where campesinos who contested land claims were not delivered water by local 
distributors. This occurred in at least four communities over the last five years. To explain this, people 
alluded to collusion between communal mayors, provincial-level politicians, and agribusinesses. 
According to key informants, the high level of corruption makes it difficult to gain the support of local 
politicians in land disputes.  
 
4.3 Enclosures, privatization, and changes to campesino society 

 
The changes in land control that have taken place in the region are fundamentally altering the 

ways in which campesino society functions. Prior to the arrival of large farms, land tenure was principally 
communal – people use the term “compartido”, or shared, when referring to that form of management, 
and 95% of surveyed households reported that the community possessed and used communal land as 
of 20 years ago. According to informants, there were no barriers in the landscape, save occasionally for 
small potreros (livestock paddocks) made of cerco-rama enclosures (interweaved vegetal enclosure). 
Livestock thus grazed in the open forest, returning to the communities to drink water. Early on in the 
expansion of the commodity frontier, in the 1970s to 1990s, informants reported that the boundaries of 
large farms were delimited by forest demarcations rather than fences, making it possible to enter these 
farms to let animals graze. The arrival of the wire fence coincided with the arrival of large soybean 
operations starting in the 1990s. Between 1990 and 2010, the production of wooden posts used by 
agribusiness to fence the perimeter of the land they claimed became an important source of income for 
local campesino families. Campesinos were also regularly employed by the farms to clear deforested plots of 
debris and prepare them for soybean cultivation. During the explosive period of expansion of the 
commodity frontier in Pellegrini between 1995 and 2010, many campesino families sold their land or were 
offered small plots elsewhere in exchange for giving way to agricultural operations. As a result, families 
that remain living in Pellegrini commonly have access to little land, oftentimes under a couple of 
hectares. In 2019, 37% of surveyed households reported being in conflict with a large farm, and 20.5% 
reported being in conflict with other external actors, such as politicians and other land investors.  

The subdivision and privatization of land by agribusiness and the taking up of privatization and 
enclosure as mechanisms used by campesino families to confront external pressures has resulted, in turn, 
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in the weakening of campesino social networks, as also noted by Cáceres et al. (2010; 2011) for people in 
the province of Cordoba. The fencing of land by some and not by others heightens tensions surrounding 
communal access to land and resources. Of the surveyed households, one fifth (19%) reported being 
involved in a conflict with a neighbor. There are also reports of increasing livestock theft between 
neighbors. Moreover, the practice of collective maintenance of infrastructure, such as the building and 
repair of canals for irrigation, has all but disappeared in under twenty years. In communities that have 
been particularly fragmented by competing interests, factions have formed between families that 
challenge agribusinesses and those that support them. The latter are sometimes offered money, 
medication, and transposition by the municipal mayor or directly by farm managers, in exchange for 
their continued support of agricultural projects. For example, a single mother reported that she was 
offered monthly transportation to a clinic where one of her children received critical medical treatment, 
in exchange for supporting the municipal mayor, who in turn openly supported a nearby agricultural 
expansion project. Overall, the weakening of campesino social networks is further enhancing the 
problematic of campesino dispossession, by adding internal conflicts over access to externally induced 
ones. 
 
4.4 Access loss and livelihood change 
 
4.4.1 Indices of access 

 
The first dimension of the polychoric factor analysis for the access mechanisms index (M) explained 

34.6% of the variance of the selected data. Of the variables included in the factor analysis, whether the 
family was represented by a community association, and whether the family was actively represented 
by a lawyer had the greatest contributions to the first dimension (0.96 and 0.82 loadings, respectively), 
followed by whether the family was involved or supported by MOCASE (0.48), whether the family had 
cleared forest demarcations (0.46), whether the family had a property title or was involved in a legal 
process (0.44), whether the family paid taxes (0.37), and lastly whether the family fenced forest (0.22).  

 
The first dimension of the polychoric factor analysis for the relational pressures index (P) explained 

36.3% of the variance of the selected data. Of the variables included in this second factor analysis, the 
largest contributors  to the first dimension were whether the family was asked to sign papers (0.97), 
whether it received violence or threats (0.81), and whether it was offered a certain amount of land (0.78), 
followed by whether the family was offered to buy their land (0.65), whether it was in conflict with others 
(0.38), with farms (0.30) or with neighbors (0.29), and whether fences had been erected by others in the 
vicinity of the household (0.06). The contributions of the included variables are summarized in Table 
4, and correlation matrices for the variables included in each of the two indices can be found in 
Appendix A.  
 

Table 4. Contribution (loadings) of variables to the first dimension of the polychoric factor analyses for 
access mechanisms (left) and relational access pressures (right).  

Access mechanisms Relational access pressures 
Proportion of variance: 0.346 Proportion of variance: 0.363 

Represented by association 0.96 Asked to sign papers 0.97 
Represented by lawyer 0.82 Received violence or threats 0.81 
Involved in/supported by 
MOCASE 0.48 Offered amount of land 0.78 

Family cleared demarcations 0.46 Offered to buy land 0.65 
Property title/In legal process 0.44 Conflict with others 0.38 
Pay/paid land taxes  0.37 Conflict with farms 0.30 
Family fenced forest 0.22 Conflict with neighbors 0.29 
  Fences erected by others 0.06 

 
4.4.2 Changes in livestock rearing 
 

The results from our empirical models provide insights into how the changes in land control 
described above and the ensuing dynamics of access to resources in Pellegrini relate to changes in 
campesino productive strategies. While the access measures were not strongly linked to having or not 
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having cattle in 2019, the number of cattle a family had was positively linked to the access mechanism index 
(M, strategies deployed by families, notably representation by an association or by a lawyer) and the 
spatial conditions index (S, the degree to which a household had access to space for cattle rearing), and 
negatively associated with the relational access pressures index (P, pressures applied against them, such as 
whether they were pressured to relinquish access and whether they had experienced violence or threats) 
(Model 1, Table 5) . Changes in livestock rearing over time (on average decreases in all livestock 
numbers) were also significantly related to the access indexes (M5, Table 6): the more relational access 
pressures were experienced by a household, the greater the decrease in their number of cattle between 
2000 and 2019. In contrast, there was a positive relationship between the access mechanisms index (M) and 
the number of cattle that households were able to keep or incorporate between 2000 and 2019. 

Campesino households that deployed access mechanisms and had favourable spatial conditions 
of access for goat rearing were also more likely to rear goats in 2019 (M2, Table 5). Surprisingly, 
however, the number of goats reared by a family in 2019 was positively related to P and negatively 
related S. This might mean that while making the choice to rear goats depends on the mechanisms a 
family exercises to maintain their access, rearing more goats could be a strategy adopted by families that 
face higher external pressures with respect to their access. However, since this is not something that 
people reported in interviews, it could also reflect a reverse causal effect, where families experienced 
more negative pressures (e.g., violence, external fencing, etc.) and spatial constraints (fencing) because 
they had more goats. Over time, however, the same is true for goats as is of cattle: greater deployment 
of access mechanisms (M) is associated with people having retained more goats, whereas greater 
relational pressures (P) are associated with people having retained fewer (Table 6, M6). 

Whether a family engaged in pig rearing in 2019, and how many pigs they had, were both 
positively related to relational access pressures (Table 5, M3). The positive sign of the spatial conditions 
index shows that people rear pigs if they have the necessary space for them6. Given the positive 
association of M with the number of pigs, it appears that having more pigs may be a strategy for campesino 
families facing high access pressures, but that the ability to do so depends on the household’s ability to 
deploy access mechanisms to maintain their access. These effects are not confirmed, however, in the 
change analysis, for which the coefficients of access mechanisms are not significant, except for the spatial 
conditions index (Table 6, M7). Complete summary statistics and model results for both the cross-
sectional and change analyses can be found in Appendices B, C, and D, respectively.  

These quantitative results partially coincide with our qualitative findings, which indicate that 
campesino families that are more exposed to commodity frontier pressures, and less able to confront them, 
have turned away from cattle and goat rearing and towards the rearing of pigs, both for subsistence 
purposes and for sale (18% of households reported selling pigs). This transition was repeatedly stressed 
by informants, who credited it to the relative ease of rearing pigs within small enclosures, limiting their 
wandering and subsequent loss or robbery (61% of households surveyed indicated that they had lost 
livestock to theft); the demand for pigs from both commercial butchers and local families; and the ability 
for pigs to feed almost exclusively on maize. Indeed, compared to the source of cattle, goat, and sheep 
feed, which 70% of all households reported were grasses obtained from grazing in the forest, the source 
of pig feed was dominated by both grazing in the forest (48% of all respondents) and maize and/or 
soybean bought by the household (43% of all respondents). Moreover, while many campesinos buy maize 
to feed their pigs, others rely on the pigs feeding on maize or soybean from nearby farms. Some have 
agreements with farm managers or owners to either collect left-over crops, or to let the pigs graze directly 
in the plots. Indeed, a high proportion of households reported either buying maize (57%), growing 
maize (24%) (with an increase in the average number of hectares cultivated per household, from 2.5 in 
2000 to 3.2 in 2019, further substantiating this shift), or letting their pigs feed in farms (17% with 
agreement, 6% without agreement from the farmers). These results are further substantiated by reports 
that the number of pigs reared by campesino families in the province of Santiago del Estero is increasing, 
in part also due to capacitation support offered to families by the Argentina National Institute of 
Agricultural Technology (INTA) (Razas Porcinas, 2021).  
 
 

                                                
6 Because the index is calculated over a radius specific to the needs of pig rearing (1km), it only reflects conditions in the 
immediate vicinity of the farm. 
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Table 5. Summary double hurdle model results – Cross-sectional analysis 
Double Hurdle – Cross-sectional analysis summary 
 
Zero hurdle model coefficients (binomial with logit link): 

 

 Does the household have… 
 … cattle? (M1) …goats? (M2) … pigs? (M3) … kilns? (M4) 

(Intercept) -0.821 -2.480* -1.231 1.717 
Access Mechanisms (M) 0.284 0.795* -0.290 -0.085 
Access pressures (P) 0.218 0.211 0.958* 0.725* 
Spatial conditions (2018) (S) 0.160 0.404* 0.488* 0.051 
Average member education 2.743 -3.697* -1.328 -4.690 
Femininity index 1.431 1.470 3.480* 1.064 
Dependency ratio -0.019 -0.028 -1.298 -2.109 
Distance to town  0.004 0.027 0.041 -0.304. 
Distance to water -5.839 8.601. -4.750 -16.20 
Count model coefficients (truncated Poisson with log link):  
 # Cattle (M1) # Goats (M2) # Pigs (M3) # Kilns (M4) 

(Intercept) 4.631*** 2.659*** 1.935*** -0.953 
Access Mechanisms (M) 0.230*** 0.0378 0.187*** -0.154 
Access pressures (P)  -0.109*** 0.211*** 0.239*** 0.471 
Spatial conditions (2018) (S) 0.156*** -0.098*** -0.030 -0.025 
Average member education -1.316*** -1.386*** 0.248 -15.311* 
Femininity index -1.297*** 0.790*** -0.145 3.915 
Dependency ratio -1.083*** -0.131 0.170 -1.584 
Distance to town  -0.065*** 0.061*** 0.053*** 0.527 
Distance to water -6.202*** 1.795* -1.036 -18.85** 
Signif. Codes (Pr(>|z|)):  '***' = p ≤ 0.001; '**' = p ≤ 0.01; '*' = p ≤ 0.05; '.' = p ≤ 0.1.  

 
Table 6. Summary double hurdle model results – Change analysis 

Double Hurdle – Change summary 
 
Zero hurdle model coefficients (binomial with logit link): 

 
Was there a change in whether the household… 

 
...had cattle? (M5) ...had goats? (M6) ...had pigs? (M7) 

(Intercept) -0.464 1.907. 1.741 
Access Mech (M) -0.276 0.059 -0.082 
Access pressures (P)  0.899* 0.228 0.346 
Change Spatial Conditions (2018-
2000) (S) 0.232 -0.134 0.589* 

Average member education 2.384 -2.810 -4.138 
Femininity index 1.403 -0.745 2.491 
Dependency ratio 0.768 -0.637 -0.786 
Distance to town  0.128 0.102 0.199 
Distance to water 3.836 4.808 -3.018 

Count model coefficients (truncated Poisson with log link): 
 Change in # of cattle 

(M5) 
Change in # of 

goats (M6) 
Change in # of 

pigs (M7) 
(Intercept) 6.191*** 5.608*** 3.784*** 
Access Mech (M) 0.026** 0.048*** -0.003 
Access pressures (P)  -0.015* -0.021** 0.012 
Change Spatial Conditions (2018-
2000) (S) -0.006 -0.008 0.001 

Average member education -0.045 -0.601*** -0.613*** 
Femininity index 0.053 0.094* 0.100 
Dependency ratio -0.053 -0.171*** -0.233** 
Distance to town  0.0004 0.002 0.005 
Distance to water -0.274 0.346** 0.861 
Signif. Codes (Pr(>|z|)):  ***' = p ≤ 0.001; '**' = p ≤ 0.01; '*' = p ≤ 0.05; '.' = p ≤ 0.1. 
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4.4.3 Changes in other livelihood activities 
 

While access was not related to engagement in the production of fence posts, hunting, 
agricultural employment, and non-agricultural employment across space (Table 18 of Appendix C), it 
did appear to influence families’ paths for some of these activities over time. We found the likelihood of 
either beginning or maintaining charcoal production to be higher than that of exiting that activity if the 
household was exposed to more relational access pressures, and that the likelihood of a household never 
having produced charcoal was lower in places with decreasing spatial access over time (Figure 2). Given 
the similar effect of relational access pressures on charcoal production across space (Table 5, M4), the 
activity thus appears to have been a strategy adopted by families experiencing more pressures on access 
between 2000 and 2019. This may be because of the increased availability of timber for charcoal 
production following the deforestation of plots or demarcations by agribusiness. In areas where fences 
impede livestock rearing, it is also possible that campesino families turn towards extracting wood for 
charcoal production, as this can be done irrespective of fences. Qualitative data on charcoal production 
was limited due to the sensitive nature of fuelwood extraction in the region, which is often done illegally.  

 
With respect to agricultural employment, we found that the greater the decrease in spatial 

access, the more likely a household was to either maintain or begin agricultural employment, in 
comparison to the likelihood of the household exiting that activity (Figure 2). It thus appears that 
seasonal migration for agricultural employment and/or employment in nearby farms was a strategy 
adopted more frequently by families facing increasing or already severe access restrictions. That being 
said, the stark decline in participation in agricultural employment between 2000 and 2019 we noted 
previously also indicates that the entry or the maintaining of this strategy was not widely possible. 
Campesinos reported that the reduced employment in farms was a result of the replacement of manual 
labor with machinery (specifically for fruit harvesting, and so relating to seasonal employment in other 
provinces), and of the dwindling demand for labour to clear plots following deforestation in local farms. 
The decline in employment in farms, as well as the lack of demand for fence posts, points to the rapid 
opening and then closing in avenues of economic employment for campesinos that parallel the transition 
from early to late stages of commodity frontier expansion.  

 
While we did not find change in hunting participation to be related to the quantitative access 

measures, campesino families did report noticeable declines in wildlife abundance between 2000 and 2019 
(half (49%) of households reported no longer being able to hunt certain species), and subsequent 
difficulties in engaging in hunting activities. These difficulties, which are likely driven by the destruction 
and fragmentation of habitat for the expansion of agriculture, are substantiated by the large proportion 
of households that stopped hunting in that time period. A complete summary of the results for the 
multinomial logistic regressions of the change analysis is provided in Table 23 of Appendix D.  
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Figure 2. Likelihood of change trajectories along differences in access indices – Change analysis results 
for multinomial logistic regressions of categorical variables. Coloured models are significant (p<0.05) for 
the given access index, while grey-scale models are insignificant for the given access index. 
 

5. Conclusion 
 

In the Argentine Gran Chaco, the convergence of high levels of tenure insecurity, rural poverty, 
deforestation, and resource concentration creates a context where access to land and resources for 
smallholders has direct consequences on their vulnerability. The empirical results from this study 
indicate that the viability of some smallholder activities is being compromised due to changing land 
control dynamics in commodity frontiers. These productive issues are likely enhanced by a weakening 
of smallholder social networks. Moreover, our qualitative findings highlight the difficulties faced by 
smallholders in maintaining access to their land and resources. As compared to agribusinesses, 
smallholders have limited access to mechanisms to support their claims. Within the changing landscape 
of the Gran Chaco, these deep power asymmetries are resulting in the displacement of rural 
communities, but also in the dispossession of smallholders from their means of production and 
reproduction.  

Together, our qualitative and quantitative results suggest that the ability of campesinos to rear 
livestock, as well as their ability to engage in the production of charcoal and fence posts and in 
agricultural employment, is impacted by changes in access across time and space in regions experiencing 
the expansion of agricultural commodity frontiers. More specifically, our results show that cattle and 
goat rearing, two activities central to campesino livelihoods in the Gran Chaco, are particularly 
constrained by changes in access. Paralleling these findings, our qualitative data supports, and our 
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quantitative data partially supports, the thesis that households in Pellegrini are operating a shift towards 
pig rearing, which may be driven at least in part by the greater stability of this activity in the face of 
changing land control dynamics as well as by government support for small-scale pig rearing in the 
province of Santiago del Estero. Moreover, people in situations of high access pressure appear to be 
relying more on charcoal production and agricultural employment (despite notable decreases in 
participation in both), indicating that financially remunerated activities may be favoured where access 
to land and resources is limited.  

Overall, we found that how and to what extent smallholders manage to maintain their access 
to land and resources when faced with increasing spatial access constraints and relational pressures 
depends on their capabilities, namely the set of mechanisms they have at their disposal to defend their 
access. Strengthening these access mechanisms through policy and government intervention (e.g., 
facilitation of legal representation) could thus be a targeted way to support smallholders in the region. 
Our results also point to the possibility of leveraging the current interest and apparent shift towards 
small-scale pig rearing to support smallholders in areas where access constraints are limiting 
opportunities for other livelihood activities. 

The implications of our findings go beyond the case at hand. The expansion of large scale, 
industrialized agriculture throughout the world threatens the livelihoods of millions of rural 
smallholders. Compared to the visibility of physical displacement of smallholders, their dispossession 
from their means of production is often subtler and therefore easier to overlook. This creates a risk that 
crucial productive and social issues will be neglected. We demonstrate that the portfolio of access 
mechanisms deployed by smallholders, the relational access pressures they face, and the degree to which 
access to space is restricted for different activities each affect participation in their livelihood activities 
differently. By disaggregating the effects of these different dimensions of access to land and resources, 
we show that it is possible to unpack the link between access and livelihoods, allowing to capture more-
nuanced impacts for smallholders that might otherwise go unnoticed. Ultimately, in contexts of 
commodity frontier expansion, identifying and analyzing the different dimensions of smallholder access 
to land and resources is crucial to designing appropriate policies to reduce their vulnerability.  
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Appendix A - Access variable correlation matrices 
 
 

 
Figure 1. Correlation matrix for access mechanism variables 
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Figure 2. Correlation matrix for relational access pressure variables 
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Appendix B – Summary statistics 
 
Table 1. Summary statistics – Access mechanism variables 

Access mechanisms Description Response Frequency Percentage 

Property title/In legal 
process 

Whether the household has a 
property title and if not, whether 
they are involved in an active 
legal process to obtain a property 
title. 

Property title 22 22.2 
Active legal process 24 30.8 

No property title/legal 
process 32 41 

Pay(ed) land taxes Whether the household pays or 
used to pay land taxes. 

Before yes, now no 13 16.7 
Yes 22 28.2 
No 43 55.1 

Represented by lawyer Whether the family is currently 
represented by a lawyer. 

Yes 24 30.8 
No 54 69.2 

Family fenced forest Whether the household has 
fenced forest. 

Yes 21 27.3 
No 56 72.7 

Family cleared 
deslindes 

Whether the household has 
cleared forest to demarcate their 
land. 

Yes 36 47.4 

No 40 52.6 

Involved/supported by 
MOCASE 

Whether the household is 
involved or has support from 
MOCASE (campesino 
organization). 

Not involved or 
supported 68 87.2 

Involved or supported 10 12.8 

Represented by 
organization 

Whether the household is 
represented by a community 
association. 

Yes 24 30.8 

No 54 69.2 

 
 
Table 2. Summary statistics – Relational access pressure variables 

Relational access pressures Description Response Frequency Percentage 

Received violence or 
threats 

Whether a member or members of the 
household have experienced violence or threats 
made by actors directly or indirectly involved in 
commodity production. 

Yes 21 73.1 

No 57 26.9 

Conflict with farms Whether the household is involved in a conflict 
with a farm. 

Yes 28 36.8 
No 48 63.2 

Conflict with neighbors Whether the household is involved in a conflict 
with neighbors. 

Yes 15 19.2 

No 63 80.8 

Conflict with others Whether the household is involved in a conflict 
with others (i.e. speculators, investors etc.). 

Yes 16 20.5 

No 62 79.5 

Fences erected by others 
Whether actors directly or indirectly involved in 
commodity production have fenced land in the 
vicinity of the household. 

Yes 60 76.9 

No 18 23.1 

Offered to buy land Whether the household has been offered sum in 
exchange for their land. Measure of pressure. 

Yes 15 19.2 

No 63 80.8 

Asked to sign papers Whether the household has been asked to sign 
papers. Measure of pressure. 

Yes 14 18.2 

No 63 81.8 

Offered amount of land Whether the household has been offered a 
certain amount of land. Measure of pressure. Yes 9 11.7 
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Table 3. Summary statistics – Other access variables 
Other access variables Description Response Frequency Percentage 

Tenure form 
Tenure form according to 
argentine national census (CNA 
2002) categories. 

Ocupación con permiso 1 1.3 

Ocupación de hecho 55 71.4 
Sucesión individual 4 5.2 

Property 17 22.1 

Character of legal 
process 

The type of legal process the family 
is involved in. 

Communal 13 16.9 
In group 5 6.5 

Individual 5 6.5 
No legal process 54 70.1 

Historic communal 
land use 

Whether, historically (>20 years 
ago), community had and used 
communal land. 

Yes 35 94.6 

No 2 5.4 

Family uses 
communal forest 

Whether the family uses communal 
forest. 

Yes 49 67.1 
No 24 32.9 

Origin conflict Origin of the actor(a) that the 
family is in conflict with. 

Another department in 
Santiago del Estero 12 32.4 

Foreigner 2 5.4 
From the community 6 16.2 

Pellegrini 4 10.8 
Buenos Aires 9 24.3 

Salta 2 5.4 
Tucuman 13 35.1 
Cordoba 2 5.4 

Purpose of fencing Purpose for which family fenced or 
is currently fencing. 

Facilitates livestock 
production 16 21.6 

To claim/protect land 40 54.1 
To exclude livestock 1 1.4 

Communal forest 
fencing 

How communal forest is 
delimited/protected. 

Demarcated 17 85.0 
Partially fenced 2 10.0 

Fully fenced 1 5.0 

External fencing by 
whom 

Whom, excluding family, fenced in 
the surroundings. 

Large farms 58 76.3 
Politicians 4 5.3 

Individuals (not neighbors) 10 13.2 
Businessperson 1 1.3 

 
 
 
Table 4. Summary statistics – Livestock-related livelihood activities 

Activity variable - 
Livestock Mean (2000) SD (2000) Mean 

(2019) 
SD 

(2019) 
Average change 

(2019-2000) 
Average change 

SD 

Number of cattle 36.8 71 19.8 38.7 -17 62.8 

Number of goats 42.6 50.4 9.6 14.5 -33 48 
Number of pigs 12.3 16.2 6.8 9.8 -5.5 11.7 

 
Table 5. Summary statistics – Change in non-livestock-related livelihood activities 

Activity change summary Response Frequency Percentage 

Change fence post 
production 

Always 8 10.3 
Entry 5 6.4 
Exit 29 37.2 
Never 36 46.2 

Change charcoal production 

Always 14 17.9 
Entry 10 12.8 
Exit 25 32 
Never 29 37.2 

Change hunting 

Always 24 35.8 
Entry 0 0 
Exit 28 41.8 
Never 15 22.4 

Change agricultural 
employment 

Always 14 18.2 
Entry 0 0 
Exit 57 74 
Never 6 7.8 
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Table 6. Summary statistics – Control variables 

Control variable Calculation Mean 
Dependency ratio (%) Number of household members over the age of 15 and under the age of 65, 

divided by the total number of household members. 0.3 

Average member education 
(score) 

Levels of education assigned as follows: <5 years of education = 0; 5-10 
years of education = 0.5; +10 years of education = 1. Levels then averaged 
across all members 15 years or older. 

0.1 

Femininity index (score) Sex assigned as: Male = 0; Female = 1. Household femininity averaged 
across all members 15 years or older. 0.4 

Distance to town (weighted km) Cost distance calculated by distinguishing between dirt roads (cost = 10), 
consolidated roads (cost = 1), and no roads (cost = 1000). 3.7 

Distance to water (km) Euclidean distance from household to nearest river (intermittent or 
perennial). 0.1 

 
Table 7. Summary statistics – Other demographic variables 

Other demographic variables Mean 
Average member age (years) 40.8 
Average number of household 
members 4.1 

Average years since family 
arrival 88.3 

 
Table 8. Summary statistics – Livestock feeding location (2019) 

Livestock feeding location (2019) Response Frequency Percentage 

Private/fenced forest 
Yes 15 19.2 
No 50 64.1 
No livestock 13 16.7 

Private/fenced pasture 
Yes 11 14.1 
No 54 69.2 
No livestock 13 16.7 

Private/fenced paddocks 
Yes  6 7.7 
No 59 75.6 
No livestock 13 16.7 

Private enclosure - cerco rama 
Yes 2 2.6 
No  63 80.8 
No livestock 13 16.7 

Open/communal forest 
Yes 49 62.8 
No 16 20.5 
No livestock 13 16.7 

Inside farms 
Yes 7 9.0 
No 58 74.4 
No livestock 13 16.7 
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Table 9. Summary statistics – Source of bovine/caprine/ovine feed (2019) 
Source of bovine/caprine/ovine feed 
(2019) 

Response Frequency Percentage 

Alfalfa 
Yes 24 31.2 
No 34 44.2 
No bovine/caprine/ovine 19 24.7 

Tuna 
Yes 5 6.5 
No 53 68.8 
No bovine/caprine/ovine 19 24.7 

Forest fruits 
Yes  4 5.2 
No 54 70.1 
No bovine/caprine/ovine 19 24.7 

Grazing in the forest 
Yes 54 70.1 
No  4 5.2 
No bovine/caprine/ovine 19 24.7 

Family cultivates grasses 
Yes 19 24.7 
No 39 50.6 
No bovine/caprine/ovine 19 24.7 

Family cultivates corn 
Yes 11 14.3 
No 47 61.0 
No bovine/caprine/ovine 19 24.7 

Family buys corn 
Yes 19 24.7 
No 39 50.6 
No bovine/caprine/ovine 19 24.7 

Family harvests remaining crop from 
farm with agreement 

Yes 5 6.5 
No 53 68.8 
No bovine/caprine/ovine 19 24.7 

Animals enter farms to graze, without 
agreement 

Yes 9 11.7 
No 49 63.6 
No bovine/caprine/ovine 19 24.7 

 
Table 10. Summary statistics – Source of pig feed (2019) 

Source of pig feed (2019) Response Frequency Percentage 

Grazing in the forest 
Yes 36 48.0 
No 15 20.0 
No pigs 24 32.0 

Family cultivates grasses 
Yes  6 8.0 
No 45 60.0 
No pigs 24 32.0 

Family buys grasses/hay/alfalfa 
Yes 2 2.7 
No  49 65.3 
No pigs 24 32.0 

Family cultivates corn 
Yes 1 1.3 
No 50 66.7 
No pigs 24 32.0 

Family buys corn/soybean 
Yes 43 57.3 
No 8 10.7 
No pigs 24 32.0 

Family harvests remaining crop from 
farm/animals allowed to graze with 
agreement 

Yes 13 17.1 
No 40 52.6 
No pigs 24 32.0 

Animals enter farms to graze, without 
agreement 

Yes 4 5.3 
No 47 62.7 
No pigs 24 32.0 

 
Table 11. Summary statistics – Livestock sale (2019) 

Livestock sale (2019) Response Frequency Percentage 

Sell cattle Yes 18 23.1 
No 69 76.9 

Cattle sale to whom 
Producers from the area  4 5.1 
Local butchers 14 17.9 
Neighbors 5 6.4 

 Intermediary runners 1 1.3 

Sell goats 
Yes 7 9.0 
No  71 91.0 

Sell pigs Yes 14 17.9 
No 64 82.1 
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Table 12. Summary statistics – Reason for loss of livestock (2019) 
Reason for loss of livestock (2019) Response Frequency Percentage 

Disease 
Yes 23 29.9 
No 41 53.2 
No livestock 13 16.9 

Theft 
Yes  47 61.0 
No 17 22.1 
No livestock 13 16.9 

Road collision 
Yes 6 7.8 
No  58 75.3 
No livestock 13 16.9 

Pesticides 
Yes 2 2.6 
No 62 80.5 
No livestock 13 16.9 

Malnutrition 
Yes 11 14.3 
No 53 68.8 
No livestock 13 16.9 

Dehydration 
Yes 7 9.1 
No 57 74.0 
No livestock 13 16.9 

Loss in open forest 
Yes 8 10.4 
No 56 72.7 
No livestock 13 16.9 

Loss due to fences 
Yes 37 48.1 
No 27 35.1 
No livestock 13 16.9 

They do not know 
Yes 4 5.2 
No 60 77.9 
No livestock 13 16.9 

There is no loss 
Yes 4 5.2 
No  60 77.9 
No livestock 13 16.9 

 
Table 13. Summary statistics – Activity variable – Non-livestock related 

Activity variable -
Non-livestock Response Frequency 

(2000) 
Percentage 

(2000) Frequency (2019) Percentage 
(2019) 

Produce fence 
posts 

Yes 37 47.4 13 16.7 
No 41 52.6 65 83.3 

Produce charcoal 
Yes 39 50 24 30.8 
No 39 50 54 69.2 

Family hunts 
Yes 52 77.6 34 43.6 
No 15 22.4 44 56.4 

Agricultural 
employment 
(including seasonal 
migration) 

Yes 71 91 14 18.2 

No 7 9 63 81.8 

Non-agricultural 
Employment 

Yes - - 20 25.6 
No - - 58 74.4 

*     - signifies no data 
 
Table 14. Summary statistics – Reason for change in fence posts/charcoal production (2019) 

Reason for change in fence 
posts/charcoal production (2019) Reason Response Frequency Percentage 

Reason for not producing fence posts 

No more trees 
Yes 28 36.8 
No 35 46.1 

Produce fence posts 13 17.1 

Because of fences 
Yes 8 10.5 
No 55 72.4 

Produce fence posts 13 17.1 

Reason for not producing charcoal 

No more trees 
Yes 16 21.1 
No 37 48.7 

Produce charcoal 23 30.3 

They aren’t allowed 
Yes 3 3.9 
No 50 65.8 

Produce charcoal 23 30.3 

Because of fences 
Yes 7 9.2 
No 46 60.5 

Produce charcoal 23 30.3 

Reason no fence posts/charcoal Protect the forest 

Yes 2 2.7 
No 47 62.7 

Produce 
posts/charcoal 26 34.7 
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Table 15. Summary statistics – Cultivation (2019) 
Activity - Cultivation (2019) Response Frequency Percentage 

Plant corn Yes 19 24.4 
No 59 75.6 

Plant grasses Yes 20 25.6 
No 58 74.4 

Tuna cultivation Yes 6 7.7 
No  72 92.3 

Other cultivation  Yes 11 14.1 
No 67 85.9 

 
Table 16. Summary statistics – Other livelihood variables (numeric) 

Other livelihood variables (numeric) Mean n 
Hectares cultivated today 3.2 78 

Hectares cultivated 20 years ago 2.5 61 
Number kilns (2019) 0.6 78 
Diameter kilns (2019) 1.8 77 

Number pensions (per child) 1 78 

Number pensions (disability) 0.2 78 

Number pensions (retired) 0.7 78 

 
Table 17. Summary statistics – Forest livelihoods (2019) 

Forest livelihoods (2019) Response Frequency Percentage 

Change capacity to obtain wood Yes 36 75.0 
No 12 25.0 

Wildlife is more abundant today 
Yes 3 3.9 
No 51 66.2 

Do not hunt 23 29.9 

No longer hunt certain species 
Yes 38 49.4 
No 13 16.9 

Do not hunt 26 33.8 

Family eats wildlife Yes 38 48.7 
No 40 51.3 

Family sells wildlife No 32 42.1 
Do not hunt 44 57.9 

Organized hunting  Yes 13 16.7 
No 65 83.3 

Hunt using weapons (as opposed to dogs) 
Yes 22 28.2 
No 12 15.4 

Do not hunt 44 56.4 
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Appendix C – Cross-sectional analysis results 
 
Table 18. Binomial (link logit) single time-point models 

 Hunting Fence post production Agricultural 
Employment 

Non-agricultural 
Employment 

(Intercept) -0.75 -2.65 -0.24 -0.76 

 (1.01) (1.64) (1.12) (1.17) 

Access mechanisms (M) 0.40 0.41 -0.22 -0.09 

 (0.30) (0.44) (0.37) (0.32) 

Relational access pressures 
(P) 0.20 -0.10 0.38 0.18 

 (0.26) (0.38) (0.31) (0.31) 

Spatial access conditions (S) 0.09 0.48 -0.17 -0.26 

 (0.18) (0.27) (0.20) (0.22) 

Average member education -1.12 -1.60 -1.53 6.37 ** 

 (1.77) (3.27) (2.56) (2.10) 

Femininity index 2.06 2.95 0.82 0.47 

 (1.31) (2.12) (1.59) (1.49) 

Dependency ratio -0.85 -3.82 -1.60 -0.10 

 (0.94) (2.19) (1.38) (1.18) 

Distance to town 0.06 -0.20 -0.06 -0.28 

 (0.06) (0.17) (0.09) (0.17) 

Distance to water -5.68 -8.39 -3.82 0.88 

 (4.14) (6.40) (5.19) (5.10) 

N 72 72 71 72 

AIC 104.01 62.83 79.98 82.53 

BIC 124.50 83.32 100.34 103.02 

Pseudo R2 0.22 0.36 0.12 0.30 

Model dispersion 1.136477 0.9827524 1.007231 1.045602 
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Table 19. Double-hurdle results – Single time-point analysis – Number of cattle 
Number cattle 
 
Zero hurdle model coefficients (binomial with logit link): 

 Estimate Std. Error z value Pr(>|z|) 
(Intercept) -0.821379 0.988035 -0.831 0.406 
Access mechanisms (M) 0.284296 0.304139 0.935 0.350 
Relational access pressures (P)  0.218239 0.271654 0.803 0.422 
Spatial access conditions (S) – Cattle 
(2018) 0.159870 0.169948 0.941 0.347 

Average member education 2.742623 1.688979 1.624 0.104 
Femininity index 1.431144 1.318177 1.086 0.278 
Dependency ratio -0.019133 0.905174 -0.021 0.983 
Distance to town  0.004136 0.049496 0.084 0.933 
Distance to water -5.839189 4.117123 -1.418 0.156 

Count model coefficients (truncated Poisson with log link): 
 Estimate Std. Error z value Pr(>|z|) 

(Intercept) 4.63082 0.13575 34.114 <2e-16 *** 
Access mechanisms (M) 0.23049 0.03708 6.215 5.12e-10 *** 
Relational access pressures (P)  -0.10871  0.02608 -4.168 3.07e-05 *** 
Spatial access conditions (S) – Cattle 
(2018) 0.15652 0.01707 9.171 <2e-16 *** 

Average member education -1.31571 0.18701 -7.035 1.99e-12 *** 
Femininity index -1.29670 0.19323 -6.711 1.94e-11 *** 
Dependency ratio -1.08299 0.11207 -9.664 <2e-16 *** 
Distance to town  -0.06497 0.00686 -9.471 <2e-16 *** 
Distance to water -6.20205 0.46861 -13.235 <2e-16 *** 
Model dispersion 4.015062 
Number of iterations in BFGS optimization:  19 
Log-likelihood: -640.6 on 18 Df 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1  
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Table 20. Double-hurdle results – Single time-point analysis – Number of goats 
Number goats 
 
Zero hurdle model coefficients (binomial with logit link): 
 Estimate Std. Error z value Pr(>|z|) 
(Intercept) -2.48471 1.11974 -2.219 0.0265 * 
Access mechanisms (M) 0.79508 0.33582 2.368 0.0179 * 
Relational access pressures (P)  0.21068 0.28058 0.751 0.4527 
Spatial access conditions (S) – Goats 
(2018) 0.40375 0.18900 2.136 0.0327 * 

Average member education -3.69765 1.82664 -2.024 0.0429 * 
Femininity index 1.47036 1.27836 1.150 0.2501 
Dependency ratio -0.02830 0.93020 -0.030 0.9757 
Distance to town  0.02716 0.05153 0.527 0.5982 
Distance to water 8.60104 4.63964 1.854 0.0638 . 

Count model coefficients (truncated Poisson with log link): 
 Estimate Std. Error z value Pr(>|z|) 

(Intercept) 2.658925 0.208175 12.773 <2e-16 *** 
Access mechanisms (M) 0.037856 0.044159 0.857 0.391307 
Relational access pressures (P)  0.210872 0.034438 6.123 9.17e-10 *** 
Spatial access conditions (S) – Goats 
(2018) -0.097615 0.029136 -3.350 0.000807 *** 

Average member education -1.386211 0.371226 -3.734 0.000188 *** 
Femininity index 0.789927 0.219944 3.591 0.000329 *** 
Dependency ratio -0.130697 0.164443 -0.795 0.426740 
Distance to town  0.061218 0.006459 9.478 <2e-16 *** 
Distance to water 1.794637 0.755214 2.376 0.017486 * 
Model dispersion 2.242336 
Number of iterations in BFGS optimization:  18 
Log-likelihood: -244 on 18 Df 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1  
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Table 21. Double-hurdle results – Single time-point analysis – Number of pigs 
Number pigs 
 
Zero hurdle model coefficients (binomial with logit link): 

 Estimate Std. Error z value Pr(>|z|) 
(Intercept) -1.23082 1.03501 -1.189 0.2344 
Access mechanisms (M) -0.29058 0.33250 -0.874 0.3822 
Relational access pressures (P)  0.95804 0.42499 2.254 0.0242 * 
Spatial access conditions (S) – Pigs (2018) 0.48839 0.22855 2.137 0.0326 * 
Average member education -1.32810 1.86464 -0.712 0.4763 
Femininity index 3.48019 1.57993 2.203 0.0276 * 
Dependency ratio -1.29840 0.99765 -1.301 0.1931 
Distance to town  0.04118 0.09625 0.428 0.6687 
Distance to water -4.74988 5.26636 -0.902 0.3671 

Count model coefficients (truncated Poisson with log link): 
 Estimate Std. Error z value Pr(>|z|) 

(Intercept) 1.935380 0.214296 9.031 <2e-16 *** 
Access mechanisms (M) 0.187549 0.048226 3.889 0.000101 *** 
Relational access pressures (P)  0.239079 0.043183 5.536 3.09e-8 *** 
Spatial access conditions (S) – Pigs 
(2018) -0.030490 0.039002 -0.782 0.434361 

Average member education 0.247801 0.437897 0.566 0.571470 
Femininity index -0.145379 0.295508 -0.492 0.622745 
Dependency ratio 0.170270 0.230776 0.738 0.460625 
Distance to town  0.052760 0.009156 5.762 8.29e-09 *** 
Distance to water -1.035937 1.115631 -0.929 0.353114 
Model dispersion 2.775747 
Number of iterations in BFGS optimization:  16 
Log-likelihood: -217.8 on 18 Df 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1  
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Table 22. Double-hurdle results – Single time-point analysis – Number of kilns 
Number kilns 

 
Zero hurdle model coefficients (binomial with logit link): 

 Estimate Std. Error z value Pr(>|z|) 
(Intercept) 1.71746 1.16162 1.479 0.13927 
Access mechanisms (M) -0.08545 0.38057 -0.225 0.82235 
Relational access pressures (P)  0.72508 0.34166 2.122 0.03382 * 
Spatial access conditions (S) – Charcoal 
(2018) 0.05132 0.21380 0.240 0.81030 

Average member education -4.69026 2.91755 -1.608 0.10792 

Femininity index 1.06388 1.62521 0.655 0.51272 
Dependency ratio -2.10891 1.35887 -1.552 0.12067 
Distance to town -0.30417 0.16848 -1.805 0.07103 . 

Distance to water -16.19970 5.32618 -3.042 0.00235 ** 

Count model coefficients (truncated Poisson with log link): 

 Estimate Std. Error z value Pr(>|z|) 

(Intercept) -0.95292 1.90095 -0.501 0.6162 
Access mechanisms (M) -0.15363 0.49791 -0.309 0.7577 
Relational access pressures (P)  0.47129 0.29289 1.609 0.1076 
Spatial access conditions (S) – Charcoal 
(2018) -0.02542 0.17455 -0.146 0.8842 

Average member education -15.31063 7.14192 -2.144 0.0321 * 
Femininity index 3.91535 3.25088 1.204 0.2284 
Dependency ratio -1.58435 1.62816 -0.973 0.3305 
Distance to town 0.52734 0.42312 1.246 0.2127 
Distance to water -18.84889 12.84360 -1.468 0.1422 ** 
Model dispersion 1.019288 
Number of iterations in BFGS optimization: 86 
Log-likelihood: -44.55 on 18 Df 

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
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Appendix D – Change analysis results 
 

Table 23. Multinomial logistic regressions – Change analysis results for categorical variables. Entry/Always, 
Exit, and Never “paths” are simplified as EN/A, EX, and N, respectively.   

 Change charcoal 
production 

Change fence post 
production Change hunting 

Change agricultural 
employment 

 

Reference EX (23) EX (28) EX (26) EX (52) 
Path EN/A N EN/A N EN/A N EN/A N 

n 21 28 11 33 23 13 13 6 
         
Access 
mechanisms (M) 0.216 0.564 -0.229 -0.542* 0.360 0.243 0.038 -0.270 

 (0.419) (0.425) (0.441) (0.319) (0.419) (0.462) (0.383) (0.614) 
Relational access 
pressures (P) 0.818** 0.156 0.017 -0.093 0.455 0.294 0.335 0.427 

 (0.402) (0.401) (0.399) (0.285) (0.365) (0.396) (0.308) (0.475) 
Change Spatial 
access conditions 
(S) – (2000-2018) 

-0.114 0.654** 0.500 0.627** -0.118 0.039 -0.402* 0.017 

 (0.292) (0.294) (0.326) (0.255) (0.252) (0.281) (0.225) (0.296) 

Average member 
education -3.466 4.424* -2.247 1.131 -2.781 1.698 -1.470 -6.081 

 (3.420) (2.346) (3.435) (1.792) (2.773) (2.126) (2.620) (4.895) 

Femininity index 1.423 -0.161 2.130 -1.238 2.747 0.494 0.695 -0.593 

 (1.753) (1.816) (2.129) (1.379) (1.690) (1.674) (1.670) (2.273) 

Dependency ratio -2.249 0.814 -4.856** -0.786 -2.027 -0.738 -1.901 0.104 

 (1.483) (1.220) (2.245) (0.999) (1.282) (1.234) (1.457) (1.637) 

Distance to town -0.139 0.304** -0.075 0.093 0.099 0.029 -0.089 -0.138 

 (0.183) (0.132) (0.167) (0.082) (0.072) (0.099) (0.102) (0.202) 

Distance to water -14.604** 10.757 -8.499 0.934 -6.028 -1.993 -5.890 2.578 

 (5.946) (6.692) (6.319) (4.674) (5.394) (5.999) (5.397) (7.319) 
(Intercept) 1.753* -2.823** 0.346 0.376 -0.224 -0.705 -0.363 -1.366 
 (1.030) (1.374) (1.139) (0.919) (0.996) (1.107) (0.973) (1.319) 

Akaike Inf. Crit. 139.661 139.661 155.382 155.382 150.965 150.965 128.960 128.960 

Model dispersion 0.5785095 0.6820057 0.6294984 0.511319 

Note: p<0.1; p<0.05; p<0.01 
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Table 24. Double-hurdle results – Change analysis – Change in cattle 
Change cattle 
 
Zero hurdle model coefficients (binomial with logit link): 

 Estimate Std. Error z value Pr(>|z|) 
(Intercept) -0.46415 0.87633 -0.530 0.596 
Access mechanisms (M) -0.27627 0.31252 -0.884 0.377 
Relational access pressures (P)  0.89925 0.44638 2.015 0.044* 
Change Spatial access conditions (S) – 
Cattle (2018-2000) 0.23258 0.22986 1.012 0.312 

Average member education 2.38430 2.29566 1.039 0.299 
Femininity index 1.40276 1.59931 0.877 0.380 
Dependency ratio 0.76782 1.15332 0.666 0.506 
Distance to town  0.12796 0.09577 1.336 0.182 
Distance to water 3.83616 4.56589 0.840 0.401 
Count model coefficients (truncated Poisson with log link): 
 Estimate Std. Error z value Pr(>|z|) 

(Intercept) 6.1911990 0.0229863 269.343 <2e-16*** 
Access mechanisms (M) 0.0260716 0.0082867 3.146 0.00165** 
Relational access pressures (P)  -0.0150954 0.0062588 -2.412 0.01587* 
Change Spatial access conditions (S) – 
Cattle (2018-2000) -0.0057987 0.0051188 -1.133 0.25729 

Average member education -0.0450242 0.0383424 -1.174 0.24029 
Femininity index 0.0525782 0.0337085 1.560 0.11881 
Dependency ratio -0.0529425 0.0227657 -2.326 0.02004* 
Distance to town  0.0004268 0.0011629 0.367 0.71358 
Distance to water -0.2740204 0.1030731 -2.659 0.00785 
Model dispersion  1.341227 
Number of iterations in BFGS optimization:  16 
Log-likelihood: 312 on 18 Df 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1  
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Table 25. Double-hurdle results – Change analysis – Change in goats 
Change goats 
 
Zero hurdle model coefficients (binomial with logit link): 

 Estimate Std. Error z value Pr(>|z|) 
(Intercept) 1.90742 1.04324 1.828 0.0675 . 
Access mechanisms (M) 0.05958 0.35681 0.167 0.8674 
Relational access pressures (P)  0.22852 0.39021 0.586 0.5581 
Change Spatial access conditions (S) – 
Goats (2018-2000) -0.13450 0.19963 -0.674 0.5005 

Average member education -2.80995 2.03328 -1.382 0.1670 
Femininity index -0.74461 1.65079 -0.451 0.6519 
Dependency ratio -0.63732 1.18940 -0.536 0.5921 
Distance to town  0.10233 0.11326 0.904 0.3663 
Distance to water 4.80774 5.42507 0.886 0.3755 
Count model coefficients (truncated Poisson with log link): 
 Estimate Std. Error z value Pr(>|z|) 

(Intercept) 5.607843 0.024494 228.948 <2e-16 *** 
Access mechanisms (M) 0.048031 0.008729 5.502 3.75e-08 *** 
Relational access pressures (P)  -0.021085 0.008017 -2.630 0.00853 ** 
Change Spatial access conditions (S) – 
Goats (2018-2000) -0.008459 0.005819 -1.454 0.14601 

Average member education -0.601191 0.059477 -10.108 <2e-16 *** 
Femininity index 0.094270 0.039135 2.409 0.01600 * 
Dependency ratio -0.170609 0.030919 -5.518 3.43 e-08 *** 
Distance to town  0.002364 0.001483 1.595 0.11081 
Distance to water 0.345903 0.132756 2.606 0.00917 ** 
Model dispersion  1.544784 
Number of iterations in BFGS optimization:  15 
Log-likelihood:  -568.3 on 18 Df 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



O. del Giorgio et al. (2022)                                                Rural Studies 93 (2022) DOI: 10.1016/j.jrurstud.2022.05.014 

 44 

Table 26. Double-hurdle results – Change analysis – Change in pigs 
Change pigs 
 
Zero hurdle model coefficients (binomial with logit link): 

 Estimate Std. Error z value Pr(>|z|) 
(Intercept) 1.74072 1.19447 1.457 0.1450 
Access mechanisms (M) -0.08198 0.42318 -0.194 0.8464  
Relational access pressures (P)  0.34655 0.44807 0.773 0.4393 
Change Spatial access conditions (S) – Pigs 
(2018-2000) 0.58882 0.26840 2.194 0.0282 * 

Average member education -4.13800 2.28053 -1.814 0.0696 . 
Femininity index 2.49098 1.93801 1.285 0.1987 
Dependency ratio -0.78564 1.27189 -0.618 0.5368 
Distance to town  0.19888 0.21177 0.939 0.3477 
Distance to water -3.01765 6.15592 -0.490 0.6240 
Count model coefficients (truncated Poisson with log link): 
 Estimate Std. Error z value Pr(>|z|) 

(Intercept) 3.783999 0.059867 63.206 <2e-16 *** 
Access mechanisms (M) -0.002936 0.021931 -0.134 0.89350 
Relational access pressures (P)  0.012133 0.019344 0.627 0.53049 
Change Spatial access conditions (S) – Pigs 
(2018-2000) 0.001204 0.013977 0.086 0.93136 

Average member education -0.613022 0.157230 -3.899 9.66e-05 *** 
Femininity index 0.100463 0.098358 1.021 0.30706 
Dependency ratio -0.233011 0.077144 -3.020 0.00252 ** 
Distance to town  0.004682 0.003490 1.342 0.17975 
Distance to water 0.861274 0.316203 2.724 0.00645 
Model dispersion  1.848042 
Number of iterations in BFGS optimization:  16 
Log-likelihood: -266.1 on 18 Df 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1  

 
 
 


