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Abstract

While smallholder food producers increasingly depend on goods and services provided by
distant markets, they are still constrained by their local ecology, as their rural communities
often lack many of the infrastructural advantages of urban centers. Navigating the costs and
benefits of market and ecosystem services is, as a consequence, crucial to their livelihoods
and overall well-being. Here, we explore one aspect of that market-ecology trade-off: its
effect on the residential choice behavior of ranchers living in the arid Sierra de la Giganta
mountains along the eastern spine of the Baja California peninsula in Mexico. We rely on
two Generalized Linear Models (GLMs), a binomial GLM of the locations of occupied and
abandoned ranches and a Poisson GLM of population size at occupied ranches. Our proxies
for market integration and ecosystem services are travel-time estimates to surficial springs
and distant cities. By using these travel time estimates, we enhance the ethnographic study
of residential choice behavior in smallholder systems by drawing on key innovations from
urban and economic geography. Our models show that ranch clusters are more likely to
be abandoned the farther they are from surficial springs, and occupied ranch clusters have
larger populations the closer they are to markets. This has important consequences for
the ecological resilience of this ranching community, particularly in the context of climate-
induced drought, which may lead to ranching strategies that are more locally resilient but
less profitable on the market. At the same time, market integration may reshape the social
structure of these communities, introducing new incentives that lead them to further inte-
grate with and increasingly depend on those markets. All of these changes are exacerbated
by demographic processes, in particular the explosive growth of the region’s urban centers.
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1 Introduction
In traditional, small-scale subsistence economies, the value of a habitat is typically a function
of its local resources, particularly their distribution and abundance (Moran, 2022). As
individuals integrate with modern markets, however, that connection becomes more tenuous.
This can be a good thing, of course, allowing individuals to diversify their livelihood, making
them more flexible and capable of absorbing potential risks and uncertainty (Barrett et al.,
2001; Little et al., 2001). But, it can have other, unforeseen consequences, too, especially as
individuals come to depend on markets for their livelihood. For those living in predominantly
marginal habitats, it may even have the opposite effect, making them more sensitive to the
effects of climate change and other exogenous forces like infrastructure development, range
fragmentation, and land insecurity (Fratkin, 2001; Hobbs et al., 2008; Thornton et al., 2009).
Together, these conflicting outcomes suggest important trade-offs for individuals presented
with the opportunity to integrate more closely with modern markets. Time and energy
they put into accessing regional market services is often time and energy they cannot spend
accessing local ecosystem services. How they navigate that trade-off can have important
consequences for their health and well-being (see, for example, Liebert et al., 2013; Stagaman
et al., 2018; Urlacher et al., 2016), including dramatic changes to their life history and
demography (Colleran et al., 2015; Shenk et al., 2016). It is, thus, critically important to
understand how and to what degree individuals choose to integrate with modern markets.
To explore this issue, we focus on a small group of historically marginalized rural ranch-
ers living in the arid Sierra de la Giganta region of Baja California Sur (BCS), Mexico
(Macfarlan, Schacht, Foley, et al., 2020, see Figure 1). We first explore how market integra-
tion and local ecology structure the distribution of occupied and abandoned ranch clusters.
This is a process that took place over several hundred years, with the shift to its current dis-

tribution beginning in the late 1970s, following construction of the transpeninsular Federal



Highway 1 (Barkenbus, 1974; Mathes, 2015). We then ask how market integration and local

ecology have shaped the distribution of the population across occupied clusters today.

1.1 Historical Context

While these people are sometimes referred to as “choyeros”, a local nickname for anyone
born in the rural, mountainous ranching communities of BCS (also a reference to the local
cholla cactus, Cylindropuntia cholla), in this paper, we refer to them simply as “ranch-
ers” or “rancheros”, which are the expressions they typically use to describe themselves.
Descended from Euro-American colonists who began settling the region in the late-17th cen-
tury (Crosby, 1994), they number approximately 4,000 today, living in communities largely
organized around clusters of one or more ranches housing inter-generational kin (Macfarlan,
Schacht, Schniter, et al., 2020).

Historically, the isolation of these rural ranching communities in the mountainous hin-
terlands of the Sierra de la Giganta meant that getting to the markets found in nearby
urban centers (mostly in the capital of La Paz) was an extremely costly endeavor, even more
so than it is today. This had two important consequences for these rural ranchers. First,
while they do rely on markets for many of their subsistence needs, local food production
still contributes to a substantial portion of their diet (Macfarlan et al., 2023), meaning they
are neither fully subsistence-based nor fully market integrated. For this reason, they are
more accurately characterized as smallholder ranchers rather than pure subsistence ranchers
or pastoralists (IFAD, 2013). Second, their communities remain some of the most severely
under-served in the region, lacking access to critical services and infrastructure, including
piped water, sanitation, and energy (Secretaria de Desarrollo Social, 2021).

Given the aridity of the area and lack of regionally connective water infrastructure,
rancheros depend almost entirely on surficial springs to satisfy their water needs, including

drinking water for themselves and their livestock, as well as irrigation for garden plots (known
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as huertas and jardines), which provide a small supplement to human and livestock diets
during dry periods (Lerback et al., 2022; Macfarlan, Schacht, Foley, et al., 2020; Macfarlan,
Schacht, Schniter, et al., 2020; Schniter et al., 2021). To make use of springs, ranchers either
have to pump water themselves, using gas or solar powered equipment, or transport it by
gravity irrigation (Lerback et al., 2022). A strong incentive thus exists to locate in closer
proximity to these water resources.

A similar, though competing, incentive exists for accessing markets in urban areas
like Loreto, Ciudad Constitucion, and La Paz, the capital of BCS. These cities furnish
rural ranchers with many of the necessities they cannot acquire locally, including the ability
to trade livestock, register animals with the state, receive medical attention, renew water
permits, purchase groceries, and socialize with people outside their local community. The
chance for supplemental income will also on occasion draw rancheros to the cities, as it has
for pastoralists elsewhere (Barrett et al., 2001; Little et al., 2001). This includes working
in construction, seasonal employment in coastal fisheries, or the tourist sector, specifically
within the resort towns of Cabo San Lucas and San Jose del Cabo.

Complicating matters is the fact that land privatization serves as an effective constraint
on these dynamics. This is important because pastoralists have historically lacked clear
title to land, instead relying on open rangeland systems (Behnke, 1994; Turner, 1999). In
Mexico, these systems take the form of ejidos, or areas of communal agricultural land. The
first ejidos were established by the Mexican state in the early part of the twentieth century
(Perramond, 2008), though in our project area they did not arrive until 1975 (DOF, 1975)
and 1976 (DOF, 1976), respectively. While these ejidos have historically served as a buffer
against land fragmentation, allowing rancheros to maintain their way of life, their ability
to play that role continues to change as the pace of privatization and shifting land tenure

accelerates (Lesorogol, 2003; Reid et al., 2008).



In BCS (along with the rest of Mexico), the Agrarian Land Reforms of 1992 played
an outsized role in driving these changes, as they introduced powerful new incentives for
ejidos to parcelize collective land holdings and allocate private rights to individuals (Barnes,
2009). While not the sole cause, this new property regime has increased uncertainty and
insecurity about land title and exposed the region to speculation from real estate markets.
As has happened elsewhere, these privatization efforts appear to be led by NGOs, commercial
interests, and other external forces, with the result being greater fragmentation of pastoral
rangeland systems and increased uncertainty about land use (BurnSilver et al., 2008; Galvin,
2009). For the rural ranchers of the Sierra de la Giganta, this process of fragmentation and
increasing insecurity at least partially explains why ranches of related individuals tend to
cluster. Rancheros, unable to find new land for themselves, simply build ranches next to
their kin on land that is at least historically associated with their family.

To summarize, we want to know how traditional rural ranchers in BCS navigate the
competing costs and benefits of market integration and local ecosystem services. This is
done by estimating their contribution within a regression framework to the location and size
of ranch clusters in two east-west running watersheds along the southern extent of the Sierra
de la Giganta range. Given the extreme ecological constraints that characterize this region,
especially the aridity of the region, we expect water resources to play a substantial role in
individual settlement decisions. Privatization may impose an additional constraint on this

system, especially as it has served to increase land insecurity.

2 Methods
2.1 Study Area
As shown in Figure 1, our study area encompasses two east-west running watersheds with

a combined area of roughly 1,042 km?. The area is approximately equidistant in Cartesian



terms between the two nearest urban centers, being approximately 85 km from Ciudad
Constitucion and 95 km from La Paz. This is an extremely rugged and mountainous terrain
(see Figure 4 C), as the elevation of this area ranges from 0 to 980 m, with a mean of 427
m and a variance of 142 m. The average slope is around 15°. For reference, just 35 km
southwest of the study region, between it and Federal Highway 1, the average slope over a
comparable area is just 0.8°.

As mentioned above, this is also an extremely arid region. It is a southern extension
of the Sonoran Desert Biogeographic Region, so the area is dominated by columnar cacti
and xeric scrub (Leén de la Luz & Dominguez Cadena, 2006; Shreve & Wiggins, 1964)
capable of sustaining themselves in a place that averages only 200 mm of rainfall every
year (Rebman & Roberts, 2012). This circumstance is not helped by the lack of surficial
freshwater stocks (Maya et al., 1997), with the only permanent sources of naturally occurring
freshwater being arid-land springs (Grismer & McGuire, 1993; Macfarlan, Schacht, Foley, et
al., 2020; Macfarlan, Schacht, Schniter, et al., 2020; Macfarlan et al., 2021). Lerback et al.
(2022) provides a fine-grained analysis of these spring systems in the project area, describing

them as primarily lentic pools at low points in the arroyos (see Figure 4 B).

2.2 Models

To evaluate the determinants of ranch occupation and population size, we rely on two gener-
alized linear models (GLMs). We use the first GLM to evaluate whether market integration
or local ecology has played a larger role in structuring the distribution of occupied and aban-
doned ranch clusters. For this model we assume that the dependent variable, whether a

ranch cluster is occupied or abandoned, has a Bernoulli distribution and is related to the



linear predictor by the logit link:

Y ~ B(l,p)
E[Y]=p (1)

logit(p) = By + B, D(La Paz) + 3,D(Springs)

with p being the probability that a ranch cluster is occupied and D(x) the travel time from
a ranch cluster to x (see below for more details about how we calculate this).

We use the second GLM to identify which variable contributes more to the distribution
of rancher populations across currently occupied clusters, with an additional variable repre-
senting land security, or the proportion of ranch houses within a cluster having clear title
to their property, as this may mediate ranch population size. For this model, we assume
that the dependent variable, the population size of a ranch cluster, has a negative binomial

distribution and is related to the linear predictor by the log link:

Y ~ NB(A, k)
E[Y] =\ (2)

log(\) = By + B1D(Cities) + By D(Springs) + B3 P(Security)

with A being the average number of individuals per ranch cluster, k a dispersion parameter,
and P(Security) the proportion of ranches in a ranch cluster that are secure. The use of a
negative binomial rather than the standard Poisson model for count data is preferred here
to account for dispersion, or circumstances in which the variance deviates from the mean,
which violates a key assumption of the Poisson distribution.

Before continuing, we would like to emphasize an important historical dimension to

this research, namely, that the process leading to the current distribution of occupied and



abandoned ranch clusters played out before Ciudad Constitucion (the large urban area to
the north of our study area) offered significant market benefits. This is reflected in how
we specify each model. The model of occupied and abandoned ranch clusters includes only
proximity to La Paz, D(La Paz), as a measure of market integration, which historically was
the only market that ranchers accessed prior to the construction of Federal Highway 1. The
model of population distributions across occupied ranches, however, includes travel time to
La Paz and Ciudad Constitucion, D(C'ities), as both have offered markets regularly used by

ranchers in our study population today.

2.3 Data

The dependent variables, occupation status (p) and population size (), we obtain from
Mexico’s online Catalogo do Localidades (Secretaria de Desarrollo Social, 2021), coupled
with fieldwork conducted over several years beginning in 2014. In total, the sample includes
72 ranch clusters, with 39 being unoccupied or abandoned and the remaining 33 being
occupied by 290 individuals. The number of individuals per ranch cluster ranges from 1 to
32, with a mean of 8.8. To provide additional context, Figure 4 B shows an example of an
abandoned ranch. Figure 4 C shows a cluster of currently occupied ranches.

The independent variables, market integration and habitat suitability, we operationalize
using three estimates of travel time: (i) one to La Paz, (ii) one to Ciudad Constitucion or
La Paz (depending on the watershed), and (iii) one to local springs, with each involving a
mix of pedestrian and automotive travel. The first two variables are our proxies for market
integration, under the assumption that increased interaction with markets will positively
covary with proximity to the cities. The third variable, travel time to springs, is our proxy
for habitat suitability, as water is a critical resource in this arid environment. In the binomial
GLM, which examines the distribution of abandoned versus active ranching clusters, we use

only travel time to La Paz (i) as Ciudad Constitucion did not offer a significant market when
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those locations were being established. We then use travel time to both Ciudad Constitucion
and La Paz (ii) in the negative binomial GLM examining ranch-cluster population sizes.
Travel time to springs (iii) is used in both models, on the assumption that the location of
active streams would not have changed during the period of time in question (Grismer &
McGuire, 1993).

We define land security as the proportion of ranch houses within a cluster with clear
title to land or who are registered members of an ejido. Information on this is provided by
Mexico’s National Institute of Statistics and Geography (Registro Agrario Nacional, 2019)
and by ethnographic observation. Of the occupied ranch clusters, only 8 are fully secure,
meaning all ranch houses within the cluster have full title to their property. Of the remaining
25, less than half of their ranch houses are secure.

A summary of these data can be found in Table 1.

2.4 Travel time

The critical variable in our models is travel time, D(z). This has been used as a proxy
for market integration in other studies focusing on largely subsistence-based economies (see
especially Gurven et al., 2017), with models exploring its relationship to, among other things,
social status (Schultz, 2019), hunting effort and efficiency (Luz et al., 2015), and oral tradition
(Schniter et al., 2018). An important advantage of our analysis, however, is that we use travel
time as a proxy for both market integration and ecosystem services. Specifically, we use
travel time to major cities as a proxy for market integration and travel time to local surficial
springs as a proxy for ecosystem services. This allows for more straightforward comparisons of
their relative contributions to settlement outcomes, which can then be readily interpreted as
strategies for navigating trade-offs between those two variables. The use of these travel-time
estimates also makes our models analogous to models from urban and economic geography,

where travel time (or, more generally, transport costs) to and from locations providing various
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goods and services is assumed to be a key determinant of residential choice (Acheampong &
Silva, 2015; Alonso, 1964; Lee et al., 2010; Waddell et al., 2007).

To estimate travel time, we first derive a gridded cost surface from a 30-meter resolution
digital elevation model obtained from the National Elevation Dataset provided by the United
States Geological Survey. This is achieved by applying Campbell’s hiking function (Campbell
et al., 2019) to slope estimates extracted from the elevation model. The result is a cost surface
where the value of each 30-meter grid cell represents the time in seconds it would take to
traverse that cell.

Three important assumptions underlie the cost-surface model. First, we assume that
the average walking speed of a rancher is approximately equal to the third decile of US
hikers (about 2.5 meters per second over flat ground), which increases or decreases based on
slope. Second, we assume that no individual will traverse a slope greater than 35 degrees.
Obviously, there will be exceptions to this, but ethnographic observation does suggest that
it is true in general for the rancheros in this region. Plus, our distance measure is used
for relative comparisons, making the precise absolute value of limited concern. Finally, we
assume that travel on roads and built paths will be less costly than through grid cells where
vegetation and other landform characteristics provide obstacles to travel. In the cost surface,
this is achieved by first classifying paths as primary (for maintained roads), secondary (for
non-maintained roads), and tertiary (for walking paths), and then weighting the travel cost
associated with each by 0.2, 0.5, and 0.8, respectively. This is equivalent to increasing the
speed of travel to 12.5, 5, and 3.125 m/s, making the speeds more comparable to driving
a car or riding a horse along the primary and secondary paths, which is what the ranchers
here do when going to the city or visiting their springs or neighbors. All road paths were

digitized manually using Google Earth and validated through field observation.



Once we have this cost surface, we then use Djikstra’s algorithm (Cormen et al., 2001)
to identify least-cost paths from ranch clusters to springs and cities and, thus, the total time
it takes to travel from each origin to each destination. These are shown in Figure 2. We
note, however, that strictly speaking, we do not measure travel time to the cities, just to the
edge of the study region in the direction of Federal Highway 1, for both the northern and
southern watersheds. Each one has a single road that connects it to Highway 1 and thus to
the markets in Ciudad Constitucion to the north and the capital La Paz to the south. The
“road” that connects the watersheds to each other is poorly maintained, difficult to traverse,
and only used out of necessity. As a consequence, nearly all of the variance in travel time to
cities is found within each watershed. For that reason, we estimate the time it takes to leave
each watershed (“leaving” here means hitting the edge of the project area), rather than the
true time it takes to get to each city. We interpret this as the relative difference in time it
takes to get to Ciudad Constitucion from the northern watershed and the relative difference
in time it takes to get to La Paz from the southern watershed. To get to La Paz from the
northern watershed, we simply add an arbitrary half hour to the total time to get out of that
watershed. The same would presumably be the case to get to Ciudad Constitucion from the
southern watershed, though that value does not factor into our analysis. For springs, our
ethnographic data reveal that individuals residing within the same ranch cluster tend to rely
on one or two springs at most (Lerback et al., 2022). Thus, we estimate road distance to the

two nearest springs and take the average.

2.5 Model evaluation

For completeness, we fit three versions of the negative binomial model of ranch cluster
population: one without the land security variable P(Secure), one with it included as an
additive term, and one with it included as an interaction term. After fitting these models,

we perform an ANOVA Likelihood Ratio Test for significant improvement in fit when adding
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each version of the land security variable. We then test for spatial autocorrelation in the
untransformed residuals of all models, including the binomial model, using Monte Carlo
simulations of Moran’s I. We also test for multicollinearity in our variables by calculating
their respective variance inflation factors.

All analyses are conducted in the R programming language and environment (R Core
Team, 2023). For more details on these models and the travel time analysis, please see the

supplementary materials.

3 Results

We initiated this research to understand how local ecology and market integration influenced
settlement dynamics. Our first model examines how these two factors influence whether or
not a ranch cluster is occupied or abandoned. The model suggests that a cluster’s status
(whether it is occupied or abandoned) negatively co-varies with travel time to spring (8 =
-4.803, p = 0.009) and positively co-varies with travel time to La Paz (§ = 2.797, p < 0.001),
indicating that ranch clusters are more likely to be occupied closer to springs and further
from town (Table 2, Figure 3). Our second model examines how local ecology and market
integration influence the distribution of the population across occupied ranch clusters today.
The model shows that population size across occupied ranch clusters negatively co-varies
with travel time to cities (5 = -0.802, p < 0.001), for both Constitucion and La Paz, but
is not significantly correlated with travel time to springs (8 = 0.699, p = 0.299) (Table 2,
Figure 3). The model with an additive land security term suggests that more secure ranch
clusters have slightly smaller populations, but the effect is non-significant (8 = -0.114, p =
0.687). The ANOVA also indicates that an additive land security term does not significantly
improve the model (x(1) = 3.003, p = 0.684). The same is true for an interactive term (x(1)

= 3.130, p = 0.663).
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The null hypothesis of no spatial autocorrelation in the untransformed residuals cannot
be rejected for either the occupation status (I = -0.023, p = 0.820) or population size (I =
-0.082, p = 0.460) model, thus indicating a lack of spatial correlation. Measures of variance
inflation are minimal in each case, approximately one for all terms, strongly suggesting no
multicollinearity in the independent variables.

For a complete list of summary statistics for each model, see Table 3.

4 Discussion

With this analysis, we seek to understand how rural ranchers in BCS respond to important
trade-offs between their local ecology and market integration. Our results indicate that the
locations of modern ranch clusters are largely constrained by access to surficial water sources,
our proxy for habitat suitability in this arid environment, rather than access to the capital
La Paz. This observation is supported by the fact that occupied ranch clusters are more
likely to be found farther from the capital, rather than closer to it. However, within those
constraints, the rancheros are now living at larger densities in locations with easier access to
Ciudad Constitucion and La Paz, our proxies for market integration. In other words, water
availability determines where people live but not how many people live there. Instead, that

is being driven largely by markets, which pull people closer to the cities.

4.1 Proxies for market integration

One important advantage of this research concerns the use of travel time as a measure of
both market integration and local adaptation. Using this simple metric has a number of
advantages. First, it is corroborated by previous research (Corsi et al., 2017; Johansson et
al., 2002). Second, it provides a straightforward way of evaluating the relative contribu-
tion of each variable to the outcome of interest, in this case, settlement decisions among

rural ranchers. Third, it conforms with geographic theory regarding spatial interactions and
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dependence (otherwise known as Tobler’s Law, (Tobler, 1970)) and overcomes known limi-
tations of Fuclidean distance as a cost measure. Finally, it is a relatively simple matter to
derive those cost estimates from easily accessible remote-sensed elevation and road network
data held in online repositories. High resolution informant data, on the other hand, are
generally difficult and costly to acquire, often with little chance of providing the right sort
of overlap between different variables required for fair comparisons.

It is true, as Mattison et al. (2022) point out, that market integration is a multi-
dimensional process, making it at first blush an awkward concept to try and capture in a
single variable like travel time or caloric-intake (Henrich et al., 2010). Still, Tobler’s Law
would seem to suggest that all the variables strongly associated with market integration will
also be correlated with proximity to cities and their markets. In other words, the costs and
benefits of market integration will be positively correlated with access to markets - both
will increase as one gains greater access to and interacts more often with markets. So, the
closer individuals are, the more likely they should be to derive their caloric requirements
from cities, to work in cities, to own televisions, cellphones, and other goods sold in cities,
but also the more likely they should be to face intense competition for jobs, higher rents,
and other costs associated with living in that proximity.

The ranchers in our study population also recognize that those who live closer to the
trans-peninsular highway have greater access to markets and are more likely to interact with
them. They have said as much during our conversations with them. As mentioned above,
travel time is also a fundamental variable in urban and economic geography (Fujita et al.,
2001; Krugman, 1991) and thus finds support from that direction, too. So, when we look at
where individuals actually choose to live (how near or how far from cities and markets they
choose to reside), it is safe to assume we are also getting an answer to the question of how

they weigh the costs and benefits of cities against those afforded by a rural way of life.
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4.2 Historical antecedents

What explains our results? There are many dimensions to this question, but key to any
general understanding of such processes is the idea that people will choose to live where
they can make the best living for themselves given the socioeconomic and environmental
constraints that confront them. Those constraints will, in turn, differ depending on how one
chooses to go about making a living (Vernon et al., 2022). For the people of the Sierra de la
Giganta, that means living where you can expect to do ranching and basic crop production
reasonably well, that is, where one has access to permanent water sources, as well as flat lands
that sit above dry riverbeds (so they are not impacted by flooding caused by seasonal tropical
storms and hurricanes). Due to the lack of meaningful water infrastructure in this region,
households depend on these springs to support both domestic (e.g. bathing and drinking) and
economic needs (e.g. supporting livestock and crop production). Our statistical results are
consistent with this idea and with our ethnographic interviews with ranchers who indicate
that access to a spring is the single most important factor for establishing and maintaining
a home (Lerback et al., 2022).

Our first statistical model indicates that abandoned ranches were located farther from
springs. Although this appears to run counter to our previous claim about the importance of
springs to all settlement in the region, we believe this is an artifact of our analytic framework,
which required us to collapse the temporal dimension of this largely historical process. His-
torical and ethnographic evidence suggest that as the first Euro-American colonists entered
this region in the 18th century, they occupied the largest springs in close proximity to arable
land (Crosby, 1994; Macfarlan, Schacht, Foley, et al., 2020; Macfarlan et al., 2021). As the
population expanded over time, individuals would move up or down drainages, to the next
closest spring that could support subsistence needs. After time, ranchers likely saturated the

landscape by occupying all areas with permanent freshwater (sensu Crosby, 1981) as well as
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less desirable locations which were supported not by springs, but by ephemeral freshwater
sources such as tinajas and seasonally filled lake basins, which can hold water for months or
years if they receive sufficient precipitation via the North American Monsoon.

However, after the construction of the Transpeninsular Highway and associated graded
dirt roads in the 1970s and 1980s, the payoffs structuring settlement decisions were likely
altered, as novel constraints and opportunities emerged (Barkenbus, 1974; Mathes, 2015).
For a smallholder population undergoing market transition, the ideal household location has
become both next to a spring and close to a road. These roads allowed ranchers to access
urban goods and services more easily and created an incentive for households occupying
springs and ephemeral freshwater sources far from the road to move closer to it (Macfarlan
et al., 2023). This process resulted in a depopulation event between the two major drainages.
As this process has unfolded over the last 30-40 years, springs near roads with the clos-
est access to urban markets have experienced increasing intensification as suitable habitats
for establishing new households have been exhausted, resulting in the highest population

densities.

4.3 Land Security

Our measure of land security proved to be non-significant in our model. Rather than being
an outcome from which to draw conclusions, we believe this result should be interpreted
with caution as previous scholarship suggests that land tenure is essential for securing the
livelihood of smallholders (Aggarwal & Freudenberger, 2013; Besley & Ghatak, 2010; Corsi
et al., 2017; Janvry et al., 2015; Wickeri & Kalhan, 2010) and ensuring sustainable resource
management. Furthermore, our research on the effect of land security on ranching decision-
making in this population suggests that it influences whether or not households engage in
cattle production — a risky economic decision in this arid ecosystem (Macfarlan et al., 2023).

So, what explains our negative result? Our argument is threefold. First, the distribution
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of land secure and insecure households is a result of changes to the property regime that
happened in the 1990s (Janvry et al., 2015), around the time when the distribution of
ranches and ranching families was established, so there may be a lag effect that our analysis
is insensitive to. With additional data on the distribution of households across a larger spatial
area (or temporal window, for the establishment of new households into the future), we may
find that land insecurity is having a real effect on individual choices. Second, our measure of
land security is based on a combination of government data and informant observations and
so likely does not capture the full complexity of this important issue. A larger dataset with
a more standardized and quantifiable measure of land security would be more representative.
Finally, we note that the issue of land security, particularly as that is understood as clear
title, is not equally salient to everyone in this population (Lambrecht & Asare, 2016). Many
of the informants that might be land insecure by most objective measures do not necessarily
act as if their title to land is uncertain. This would suggest that perceptions of risk with

respect to property rights should be studied more thoroughly.

4.4 Socio-ecological consequences

The findings presented here have important consequences for traditional ranching communi-
ties living in similar circumstances, for how they maintain their way of life while meeting
the challenges posed by climate change, land fragmentation, and other exogenous forces.
For instance, researchers have shown that market integration within traditional agricultural
communities involves a shift from intensive to extensive kinship systems, or shifts from small
kin networks with higher degrees of relatedness to large kin networks with lower degrees of
relatedness (Pena et al., 2002). This appears to be the result of a decreasing reliance on
consanguineous or close-kin marriage customs, with families favoring expansive social net-
works within a market economy over stronger family ties within a largely agrarian economy

(Shenk et al., 2016). Currently, the ranching communities of BCS are characterized by more
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intensive kin networks (Macfarlan, Schacht, Foley, et al., 2020), but the limited available
evidence suggests that this might be changing, with individuals increasingly marrying out-
side of the ranching community, most likely to individuals living within the cities (Page et
al., 2024). Families are as a consequence increasing their connections to the cities and by
extension increasing the incentives for integrating more closely with their markets.

These settlement dynamics have also had variable ecosystem outcomes. Springs that
exist closer to the road, which are more heavily utilized, typically experience substantial
negative outcomes relative to springs that exist in the depopulated zone, including biodiver-
sity loss, higher rates of introduced exotic species, soil degradation, and noise and chemical
pollution (Ledén de la Luz & Dominguez Cadena, 2006). This is unfortunate, as the springs
and the emergent terrestrial ecosystems they support are considered Ramsar sites (wetlands
of international importance), as well as national terrestrial and hydrological priority regions
(Arriaga Cabrera et al., 2002; Ramsar, 2022). However, it is inaccurate to assume, as many
conservation biologists, NGOs, and urban elites seem to do, that ranchers and their lifestyles
have uniformly negative impacts on regional ecosystem health (Riemann & Ezcurra, 2005).
For it appears that small, riparian ecosystems surrounding springs in the depopulated hin-
terland away from roads are currently on the rebound, with higher rates of endemism, and
this in spite of the fact that ranching continues in the region. Similar outcomes have also
been noted elsewhere (Vaccaro & Ortiz Diaz, 2021). So, concentration of the population
within this region might actually be beneficial, at least from the perspective of biodiversity
and ecosystem health, a pattern that appears to be recurring across the globe as popula-
tions become more urbanized (Daskalova & Kamp, 2023). For that matter, current research
suggests that the complete abandonment of a region can have negative consequences for bio-
diversity given the co-evolutionary histories of small-scale subsistence economies and their

local ecosystems (Fischer et al., 2012).
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Current demographic trends across the region may also exacerbate these local processes
(Vasco et al., 2017). Since the signing of NAFTA, the total population of the southern
peninsula has more than doubled, from 375 thousand in 1995 to nearly 800 thousand in
2020. As one might expect, these increases have occurred almost exclusively within the
peninsula’s urban corridors (INEGI, 2023b, 2023a) . This entails increased demand for
goods and services and by necessity, increased demand for the labor that can provide them,
thereby increasing the incentives for locating in closer proximity to cities and abandoning
more remote locations. As alluded to above, the ecological consequences will be complex
and multifaceted. Given the complexities of population decline and its consequences for
biodiversity, it is hard to say whether these demographic trends will have a net positive or
negative effect on long term ecosystem health. We hope our analyses here catalyze future

research on the effects of ranch abandonment on ecosystem outcomes.

4.5 Climate change and drought

Of particular urgency for the rural ranchers of the Sierra de la Giganta is ongoing climate-
induced drought (Cavazos & Arriaga-Ramirez, 2012; Colorado-Ruiz et al., 2018). For the
reasons we have emphasized throughout, a lack of access to government services and infras-
tructure makes them uniquely sensitive to these local impacts (Hansen et al., 2019). That
is almost certainly why access to water plays a larger role in constraining the location of
occupied ranch clusters. It may also explain the decisions ranchers make about the size and
composition of their herds, as intra- and inter-annual variation in precipitation - in the ab-
sence of water infrastructure - is the primary factor driving the abundance and distribution
of most animal fodder in the region (Macfarlan et al.; 2023; Pettorelli, 2013). Previous re-
search has shown that pastoralists respond to and oftentimes prepare for drought conditions
by reducing their herd size, selling off stock in the nearby cities, or switching to more drought

tolerant alternatives like small ruminants (Mace, 1990, 1993; Mace & Houston, 1989). While
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these animals are more efficient in terms of their total land area, feed, and water require-
ments, there is less demand for them in city markets. This implies that ranchers in the
region, while trying to address the ongoing threat of droughts, will lose important sources
of capital they would need to access other resources provided by modern markets that they

depend on.

4.6 Conclusion

Trade-offs between local ecology and market integration will continue to shape the develop-
ment of rural, smallholder communities, especially as globalization and urbanization accel-
erate. This is as true of the rural ranchers of the Sierra de la Giganta as it is for ranchers,
pastoralists, and small-scale agriculturalists in other parts of the world. For ranchers living
in the remote corners of BCS, the data coupled with informant reporting together suggest
that these ranchers feel the pull of markets, being compelled to infill around ranches nearer
to roads that give them greater access to those markets. The consequences of this spatial
sorting of the population are complicated as well. While integration can help to mitigate
local risks, it also raises new ones, with population packing increasing pressure on nearby
water resources that are crucial to the sustainability of these communities. At the same
time, the concentration of the population appears to offer positive results for the ecology of
abandoned areas, among other things increasing their biodiversity.

The research presented in this paper raises a number of important issues that deserve
greater attention, including a more robust analysis of land fragmentation and land insecu-
rity, using a larger dataset more representative of these ranching communities across the
peninsula. It is also important that we better understand the manner and extent to which
proximity or travel time to markets correlates with other proxies for market integration. An-
swering that question would go along way towards helping researchers overcome many of the

methodological challenges associated with richly ethnographic studies of remote, smallholder
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economies and in the process offer new avenues for investigating the ongoing integration of

those systems with modern markets.
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Figure 1. Overview map. The top right panel shows the location of the study area (in
red) in relation to the two nearest city centers, La Paz and Ciudad Constitucion. Panel A
shows the distribution of ranch clusters in each watershed, as well as their population size
(size and color). Note that a population of zero means the ranch cluster is abandoned. Panel
B shows the distribution of land secure and land insecure ranch houses (shape and color)
for all occupied ranch houses. Solid white lines represent Federal Highway 1 (in the top
right panel), major roads connecting it to the project area, and other roads and paths in the
project area.
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Figure 2. Shortest paths. Maps showing least-cost paths to springs and cities.
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Figure 3. Response plots. Marginal response plots showing change in the dependent
variables (occupied vs abandoned ranch clusters and population size) as a function of change
in one independent variable while holding the other at its mean.
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Figure 4. Context photographs. (A) Spring San Francisco, an oasis around a lentic pool
in a shallow arroyo. (B) Abandoned ranch near Spring San Francisco. (C) Aerial overview
of Arroyo La Presa and a cluster of ranches in the western part of the study. The area is
criss-crossed by graded and two-track dirt roads, with a lentic pool in the foreground and
huertas or small gardens in the background.
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Table 1

Variable Summary

model variable description
Binomial occupied  Cluster has at least one resident (1) or no residents (0)
springs Mean time to two nearest springs (hours)
paz Time to leave community on way to La Paz (hours)
Poisson ' population Number of individuals residing at ranch cluster
springs Mean time to two nearest springs (hours)
cities Time to leave community on way to La Paz from south or Ciudad Constitucion from
north (hours)
secure Proportion of cluster with clear title or ejido membership (0 to 1)
Table 2
Coefficient Estimates
model term estimate std error zvalue p value
Occupied-Abandoned  (Intercept) -2.489 0.836 -2977 0.003
paz 2.797 0.757 3.695  0.000
springs -4.803 1.828 -2.628  0.009
Population (Intercept) 2.844 0.238 11.939 0.000
cities -0.802 0.214 -3.753  0.000
springs 0.699 0673 1.039 0.299
Population [+ secure] | (Intercept) 2.883 0.265 10.877  0.000
cities -0.804 0214 -3.759  0.000
springs 0.677 0.674 1.004 0315
secure -0.114 0.284 -0.403 0.687
Population [x secure]  (Intercept) 3.011 0.301 9.999  0.000
cities -0.919 0.256 -3.590  0.000
springs 0.539 0742 0.726  0.468
secure -0.548 0.540 -1.014  0.310
cities:secure 0.489 0.611 0.800 0424
springs:secure -0.164 2013 -0.081 0.935
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min
0.00
0.00
0.13
1.00
0.00

0.22

0.00

max mean
1.00 046
128 0.23
318 1.1
3200 879
0.68 0.11
268 1.08
1.00 0.30

sd
0.50
0.27
0.71
8.11
0.18

0.63

0.43



Summary Statistics

model null.deviance df.null
Occupied-Abandoned 99.313 71
Population 48.629 32
Population [+ secure] 48.936 32
Population [x secure] 50.399 32

Table 3

logLik AlC BIC deviance df.residual n.obs

-30.488 66.975 73.805
-97.659 203.319 209.305
-97.577 205.153 212.636
-97.166 208.333 218.808
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