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Abstract

Objectives: Long-distance social relationships have been a feature of human

evolutionary history; evidence from the paleoanthropological, archeological,

and ethnographic records suggest that one function of these relationships is to

manage the risk of resource shortfalls due to climate variability. We should

expect long-distance relationships to be especially important when shortfalls

are chronic or temporally positively autocorrelated, as these are more likely to

exhaust local adaptations for managing risk. Further, individuals who experi-

ence shortfalls not as rare shocks, but as patterned events, should be more

likely to pay the costs of maintaining long-distance relationships. We test these

hypotheses in the context of two communities of Bolivian horticulturalists,

where climate variability—especially precipitation variability—is relevant to

production and access to long-distance connections is improving.

Methods: Data on individuals' migration histories, social relationships, and

other relevant variables were collected in 2017 (n = 119). Precipitation data

were obtained from the US National Center for Atmospheric Research, all-

owing us to estimate participants' exposure to drought and excess

precipitation.

Results: Exposure duration, proximity in time, and frequency did not predict

having a greater number of long-distance relationships. Males, extraverted

individuals, and those who had traveled more did have more long-distance

relationships, however.

Conclusion: Another function of long-distance relationships is to access

resources that can never be obtained locally; ethnographic data suggest this is

their primary function in rural Bolivia. We conclude by refining our predic-

tions about the conditions under which long-distance relationships are likely

to help individuals manage the risks posed by climate variability.

1 | INTRODUCTION

Climate change is one of the most pressing issues facing
humans in the early 21st century. However, humans are

no strangers to climate change: it has influenced hominin
evolution, including the evolution of hominin social sys-
tems, since our last common ancestor with chimpanzees
and bonobos (Pisor & Jones, 2020). Climate variability,
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such as fluctuation in precipitation, affects human liveli-
hoods by increasing the risk of resource shortfalls. Data
from contemporary and past human communities reveal
a number of common behavioral adaptations individuals
use to manage the shortfalls associated with climate vari-
ability, including building connections with social part-
ners who live at a distance, outside local communities
(Pisor & Surbeck, 2019). Using a typology we developed
to describe climate variability (Pisor & Jones, n.d.), we
hypothesize that individuals will be more likely to invest
in long-distance relationships when intervals of low or
high levels of precipitation are long-lasting, clustered
together in time, and patterned (as opposed to rare). We
evaluate these hypotheses in the context of two commu-
nities of Bolivian horticulturalists in which individuals
differ in their past exposures to drought, floods, and land-
slides. Our exploration offers insight, not only to anthro-
pologists, but to the climate community (including
policymakers, international organizations, and climate-
oriented social scientists) with respect to the adaptations
humans already use to manage climate change and how
these adaptations are relevant to coping with climate
change going forward.

1.1 | Why do humans show flexible
interest in long-distance social
relationships?

Humans are flexibly interested in building social relation-
ships that span distance: we sometimes exhibit aggression
and sometimes exhibit tolerance toward individuals from
other places (Pisor & Surbeck, 2019). Though often con-
flated with inter-group relationships, by which
researchers usually implicitly mean “between-ethnic-
group relationships,” long-distance relationships are dis-
tinct in that they cross community boundaries—where
communities are groups of individuals who live in spatial
proximity (Rodseth, Wrangham, Harrigan, &
Smuts, 1991)—but may or may not cross ethnic bound-
aries (Brewer & Campbell, 1976; Hruschka et al., 2014;
Purzycki et al., 2016). Indeed, the selection pressures that
may have favored long-distance relationships in humans
are likely distinct from those that favored between-eth-
nic-group relationships (Pisor & Ross, n.d.; see also
Moya & Boyd, 2015). Our flexible interest in long-
distance relationships is documented by literatures study-
ing “expanding circles” of moral concern (Fessler
et al., 2015; Purzycki & Lang, 2019; Singer, 1981) and the
role of “superordinate identity” in promoting cooperation
(Buchan et al., 2009; Pisor & Gurven, 2015): in both
cases, if individuals value people farther away as poten-
tial social partners, their behavior toward them changes.

Research studying behavior toward strangers also often
inadvertently captures long-distance relationships
because individuals who are nearby geographically are
more likely to be known to a focal individual than indi-
viduals further away (Pisor & Ross, n.d.). Long-distance
trade in the archeological (Braun & Plog, 1982; Fitzhugh,
Colby Phillips, & Gjesfjeld, 2011; Halstead &
O'Shea, 1989) and paleoanthropological records
(Bouzouggar et al., 2007; Brooks et al., 2018; Foley &
Gamble, 2009) and the structure of hunter-gatherer social
networks (Bird, Bird, Codding, & Zeanah, 2019;
Cashdan, 1985; Chapais, 2008; Hill, Wood, Baggio,
Hurtado, & Boyd, 2014; Wiessner, 1982) support the
importance of long-distance relationships for accessing
resources—both in the past and present, as well as across
the evolutionary history of our genus, Homo.

While bonobos and gorillas are also flexibly tolerant
toward rarely encountered individuals or strangers
(Bermejo, 2004; Fruth & Hohmann, 2018; Lucchesi
et al., 2020; Tan, Ariely, & Hare, 2017), the degree to
which humans rely on relationships with rarely encoun-
tered individuals is unique among the great apes (Pisor &
Surbeck, 2019). Our flexible interest in long-distance rela-
tionships is likely an adaptation to our foraging ecology
and our high energy throughput, suggesting that far-
flung social connections have likely been a feature of
human social networks since the origins of Homo
(Pisor & Surbeck, 2019). Long-distance relationships
function to manage the risk of local resource shortfalls—
especially those that can strike an entire community,
debilitating everyday cooperative partners—and to pro-
vide access to patchy resources that are not present in
many communities, such as markets or high-quality tool-
making materials (Pisor & Surbeck, 2019). While these
relationships are especially important in egalitarian socie-
ties (Minc & Smith, 1989), they remain important even in
postindustrial societies, particularly when hazards—
things that cause downsides in income or production—
destroy government systems of support
(Fafchamps, 1992). All else equal, we should expect indi-
viduals to be interested in long-distance relationships
when the expected benefits of these relationships (eg, in
terms of resource access) outweigh the costs of
maintaining them (eg, travel time or the risk of attack in
transit; Minnis, 1985).

Because of the relevance of long-distance relation-
ships throughout human evolutionary history, we would
expect that if an individual receives cues that long-
distance relationships may provide net benefits, their
evolved psychology will respond with increased interest
in forming these relationships (Pisor & Gurven, 2018;
Pisor & Surbeck, 2019). Evidence from contemporary
peoples suggest that we are indeed sensitive to these
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payoffs, as individuals are more likely to build social ties
“bridging” communities when there are benefits to doing
so (Granovetter, 1973; Nannestad, Svendsen, &
Svendsen, 2008; Woolcock & Narayan, 2000) and nega-
tive past experiences with strangers can reduce individ-
uals' willingness to trust (Yamagishi, 2011) or be
generous toward strangers (Pisor & Gurven, 2018). Cul-
tural institutions can further enhance the net benefits of
long-distance relationships (Pisor & Surbeck, 2019); for
example, seasonal meetings among mobile foraging peo-
ples can reduce the cost of visiting long-distance social
partners (Kelly, 2007), while “godparent” relationships
can increase the intensity of cooperation between long-
distance partners (Mintz & Wolf, 1950).

1.2 | How might climate variability
impact the formation of long-distance
relationships?

Environments are risky: in other words, they produce
variable outcomes, with both uncertain gains (upsides)
and uncertain losses (downsides) for the organisms in
them (Jones et al., 2020). Climate, including precipitation
and temperature, is part of the environment in which
organisms live, and climate variability thus entails risk.
Adaptations work to manage the risks posed by the envi-
ronment (Jones et al., this issue). For example, plants
have adaptations that may respond to small increases in
precipitation by increasing fruit production, but respond
to decreases in precipitation by decreasing fruit produc-
tion, thus creating a shortfall in a resource on which con-
sumers depend —not only human consumers, but, in a
second-order effect on our livelihoods, the animals we
eat (Dunham et al., 2018). Downsides are bad for fitness:
if shortfalls are bad enough and an individual runs out of
resources, an entire lineage can go extinct
(Gillespie, 1977; Price & Jones, 2020). In short, climate
variability, including the increased variability that is a
function of climate change (Field, Barros, Mach, &
Mastrandrea, 2014; Pendergrass, Knutti, Lehner, Deser, &
Sanderson, 2017), puts humans and other organisms at
risk of resource shortfalls.

Long-distance relationships are part of a suite of
behavioral adaptations that humans use to maintain
access to resources given the risk of shortfalls. These
adaptations include mobility, including short-term and
long-term mobility; savings, including household-level
food storage and monetary savings; diversification,
including increased diet breadth or diversification in
crops planted or in income sources; force, including
raiding, warfare, and stealing; pooling, including reci-
procity between social partners and redistribution of

pooled resources; and exchange (Bollig, 2006;
Colson, 1979; Halstead & O'Shea, 1982, 1989;
Spielmann, 1986; Winterhalder, Lu, & Tucker, 1999).
These adaptations have different functions with respect
to risk, including reducing it (eg, diet diversification),
retaining it—absorbing it at the household level (eg, sav-
ings), and transferring it—shifting risk from one individ-
ual to another (eg, pooling; Aktipis, Cronk, & de
Aguiar, 2011; Wiessner, 1977). Importantly, increased
investment in one adaptation can increase the cost of
another. For example, investment in physical storage can
limit physical mobility (Cashdan, 1985); using force can
limit future possibilities for exchange (Minnis, 1985).

Long-distance relationships are often central to sev-
eral of these adaptations, including mobility, pooling,
and exchange. Pooling among cooperative partners, for
example, can take place either within or across commu-
nity boundaries (O'Shea, 1981); while short-term or long-
term mobility does not technically require long-distance
social connections, migrants often travel to where they
know someone (Palloni, Massey, Ceballos, Espinosa, &
Spittel, 2001), especially if knowing someone is necessary
for accessing resources at their destination
(Wiessner, 1982; Wilson, 1998). Whether long-distance
relationships provide net benefits, however, depends on
risk being idiosyncratic across individuals
(Cashdan, 1985; Fafchamps, 1992). If two social partners
experience a resource shortfall at the same time, they will
be unable to transfer risk (Aktipis et al., 2011)—that is,
engage in pooling or exchange. Because resource short-
falls vary in spatial and temporal scales, some risks can
be managed within households or through sharing with
neighbors (Jaeggi, Hooper, Beheim, Kaplan, &
Gurven, 2016), while those that strike larger areas or that
are longer-lasting often cannot (Pisor & Surbeck, 2019).
For example, if environmental downsides are clustered in
time, an individual may exhaust their savings as they
have to draw repeatedly on their stored resources without
making additional contributions; if downsides are clus-
tered in space, same-community members are likely to
also be in dire straits, leading to the breakdown of
within-community resource pooling (Colson, 1979).

How “long” must long-distance relationships be to
reach someone with a different experience of risk? The
distance between individuals A and B will be a function
of the spatial scale of the shortfall, the local ecology, and
how A and B make a living. The larger the spatial scale
of relevant hazards, the further away B must be from A
for their experience of risk to be idiosyncratic; for exam-
ple, while a nearby B might face idiosyncratic risk from a
tornado, a B must be further away to face idiosyncratic
risk from a hurricane. Ethnographic examples suggest
that individuals know how far away is far enough and
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maintain relationships across these distances accordingly
(Minc & Smith, 1989; Waddell, 1975; Wiessner, 1982).
When resources are diverse across short distances, as is
common in places with variable topography (Halstead &
O'Shea, 1982), or are available at different times
(Harpending & Davis, 1977), as is common when com-
munities specialize in different resources (Barth, 1969), a
B from a nearby community may still have resources
available with which to help A. Indeed, when A and B
have different means of making a living—for example, if
one is a pastoralist and the other a forager (Headland &
Reid, 1989), or if they have different professions—their
risks are less likely to be correlated even across smaller
distances.

We can formulate a priori hypotheses about which
adaptations individuals will use to manage which kinds
of shortfalls. For example, under what circumstances do
humans rely on long-distance relationships instead of
raiding (Pisor & Surbeck, 2019)? Elsewhere, we propose a
typology of three contrasts that permit such a priori pre-
dictions: we suggest that we can better predict which
adaptations humans will use to manage the effects of cli-
mate variability if we decompose this variability by the
degree to which it is acute or chronic, more or less posi-
tively autocorrelated in time or space, and patterned or
rare (Pisor & Jones, n.d.). All else equal, we hypothesize
that individuals will be more likely to form long-distance
relationships when the downsides of environmental risk
(and related resource shortfalls) are chronic, positively
autocorrelated in space or time, and patterned. When
shortfalls are chronic—that is, long-lasting—or positively
autocorrelated—that is, one predicts another, whether in
time or space—local adaptations for risk management
are more likely to be depleted (Pisor & Jones, n.d.;

Minnis, 1985). Further, because of the costs of
maintaining long-distance relationships, we should not
expect individuals to invest these relationships unless
they anticipate needing them in the future. Accordingly,
individuals should be unlikely to invest in long-distance
relationships unless downsides are patterned—that is,
recurrent. Rare shocks, or anticipation of downsides that
have never occurred locally, are unlikely to favor invest-
ment in long-distance relationships (Pisor & Jones, n.d.;
Minnis, 1985). See Figure 1for a summary of these
concepts.

1.3 | Are long-distance relationships
used to manage climate variability in
Bolivia?

We evaluate these a priori hypotheses in the context of
rural lowland Bolivia, where A. P. collaborates with two
communities of horticulturalists (slash and burn
farmers). Long-distance relationships have been a con-
stant feature of Bolivian life, predating the arrival of
Europeans by at least a millennium. For Andean high-
land communities, social connections spanning
elevation—often between highland source populations
and colonists living in the cloud forests or lowlands—
facilitated the movement of goods, people, and religious
practices (Klein, 2011). In the lowlands, contact and trade
covered large distances, connecting both hunter-
gatherers and horticulturalists living in large settlements
(Barlow, Gardner, Lees, Parry, & Peres, 2012). These con-
nections likewise moved goods, people, cultural practices,
and languages (Clement et al., 2015; Lathrap, 1973;
Nordenskiöld, 1915; Reeve, 1993).

FIGURE 1 For illustration, we compare hypothetical resource shortfalls that differ in their, A, duration (ie, how chronic they are), B,

positive temporal autocorrelation (how clustered they are together in time), and C, patterning (whether they are experienced as rare shocks

or not). Note that the y-axis represents how far an individual falls below their mean access to resources; in other words, the higher the

shortfall goes on the y-axis, the worse it is
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Like many countries in the Global South, Bolivia has
fallen victim to the effects of contemporary climate
change, including changes in both the averages and the
variability of temperature and precipitation (Seiler,
Boesch, Mundry, Stephens, & Robbins, 2017). Among the
most common natural disasters Bolivia experiences, three
of the four—floods, droughts, and landslides—are all
related to precipitation, either low or excess (World Bank
Group, 2020). Increased variability in precipitation is a
fundamental feature of most global climate projections
(Pendergrass et al., 2017), with a generally increased like-
lihood of extreme precipitation events in the future (eg,
Prein et al., 2017; Ragno et al., 2018).

The communities with whom A. P. collaborates have
been feeling the effects of precipitation variability. Given
the hilly local terrain and tropical climate, farmers rely
on horticultural production, finding plowing and irriga-
tion unworkable. While floods, droughts, and landslides
have been common features of their lives, farmers report
that it never used to be like it is today. When A. P. visited
in 2012, participants reported being in the throes of a
two-year local drought, leading to decreased cash crop
and subsistence production, especially for drought-
intolerant crops like cacao and rice. When she returned
in 2014, excess precipitation had triggered floods and
landslides throughout the lowlands, leaving community
members with most of their crops destroyed and without
power, cell service, or serviceable roads—and thus with-
out access to market foods, banks, or hospitals—for over
a month. When she returned in 2017, the communities
had just experienced yet another drought the
previous year.

Despite these recent shared experiences of precipita-
tion variability, many individuals in these communities
have disparate earlier experiences of low and excess pre-
cipitation. Both communities are characterized by migra-
tion: while some individuals were born elsewhere and
migrated to the community, others engage in short-term
mobility to participate in migrant labor, usually as a com-
plement to household horticultural production; complete
mandatory military service; or have extended visits with
friends or family. Given that participants differ in their
exposure to low and excess precipitation, we can expect
that their interest in long-distance relationships may like-
wise vary. Note that this assumes that environmental
cues from earlier in life affect current preferences and
behavior, even following migration (Young,
Frankenhuis, & Ellis, 2020). Existing data indicating that
preferences and behavior often persist in migrants follow-
ing a move (eg, Berry, 1997) suggests that this is a reason-
able baseline assumption.

If long-distance relationships are indeed an adaptation
that individuals use to manage the risk of shortfalls when
shortfalls tend to be chronic, positively autocorrelated,
and/or patterned, we would expect individuals who have
experienced these conditions to invest more in long-distance
relationships, all else equal. (As low levels of precipitation
entail drought, while high levels can trigger both floods and
landslides, we use drought as synonymous for low levels
here.) Given the relevance of drought and excess precipita-
tion to Bolivian horticulturalists, we make the following pre-
dictions with respect to their long-distance relationships:

(H1) Individuals who have more experience with
chronic downsides will be more likely to report having
long-distance social relationships than those who have
less chronic exposure to downsides.

(P1) Participants who have, on average, experienced
longer intervals of (a) drought or (b) excess precipitation
will report a greater number of friendships with people
who live outside their community.

(H2) Individuals who have experienced more positive
temporal autocorrelation between downsides will be
more likely to report having long-distance social relation-
ships than those who have experienced less positive tem-
poral autocorrelation.

(P2) Participants who have experienced shorter inter-
vals of reprieve between intervals of drought and excess
precipitation will report a greater number of friendships
with people who live outside their community.

(H3) Individuals who have experienced downsides
repeatedly will be more likely to report having long-
distance social relationships than those who have experi-
enced downsides as rare shocks.

(P3) Participants who have experienced a greater
number of (a) unusually dry months or (b) unusually wet
months, scaled by the total number of months for which
we have data on their precipitation exposure, will report
a greater number of friendships with people who live out-
side their community.

Because droughts and excess precipitation affect indi-
viduals in Bolivia differently—for example, excess precip-
itation can limit contact by destroying roads or
communications infrastructure, while drought usually
has no equivalent effects—we separately assess their
effects on long-distance relationship formation in
(P1) and (P3). Further, to evaluate whether chronic, posi-
tively autocorrelated, and/or patterned exposure to
drought or excess precipitation specifically increase
investment in long-distance relationships, or whether
they increase investment in all social relationships, we
evaluate each of the above predictions with respect to
reciprocity-based within-community relationships as well.
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2 | METHODS

2.1 | Collaborating communities

The two communities with whom A. P. collaborates live in
a river valley in the La Paz Department of Bolivia. Both
communities practice horticulture, including both subsis-
tence and cash cropping. 94% of households own or rent
fields and incomes are commonly supplemented by wage
labor, usually in others' fields (43% of households). The first
community is a multicultural (intercultural) community
while the second has a plurality of Mosetén residents; we
refer to the first as Intercultural and the second as Mosetén.
We focus here on the role of long-distance social relation-
ships in these communities. Other details about each com-
munity can be found in Supporting Information 1.

When both communities were founded, neither had
access to a road. Opportunities for long-distance relation-
ships were present but fewer than those available today
and, due to the demands of childcare, mostly restricted to
males. Males combined river, mule, and foot travel with
buses connecting the market town to La Paz and other,
smaller regional centers to trade, obtain market goods,
and engage in wage labor. After roads arrived—to the
Intercultural community in 1975 and the Mosetén com-
munity in 2000—participation in migrant labor
(Pareja, 1999), commercial sales, and educational oppor-
tunities increased, but disproportionately for males rela-
tive to females. Further, mandatory military service, a
year of which is required for all males, was increasingly
enforced. Today, males report having visited or lived in a
greater number of other departments or countries than
females (1.56 vs 1.15) and report a greater number of
long-distance relationships (2.13 vs 1.22).

Mobility and migration, contact with middlemen, and
military service have increased access to long-distance
relationships for both communities, but so too has access
to cell service and the purchase of personal vehicles. Both
communities have had access to electricity since 2007, to
cellular service since 2009, and to data service since 2016,
although cell and data service do not reach all house-
holds in the Mosetén community. Data service and
smartphones have been especially key to maintaining
long-distance relationships, as data is significantly
cheaper per unit time than phone calls. A. P. can attest to
the importance of data service and smartphones: she has
worked in Bolivia since 2010, and while before 2016 she
needed to call her Bolivian friends to keep in touch, they
now regularly contact her using WhatsApp and
Facebook. In both communities, approximately 3 in
10 households own a vehicle. 2 in 10 households primar-
ily use their vehicles for horticultural work and one in
10 primarily as shared taxis, transporting passengers to

their garden plots or the market town. Many vehicle
owners also use their vehicles to occasionally visit friends
and family living at a distance.

Long-distance relationships are created and
maintained through a variety of means, including travel,
marriage, and fictive kinship. Friendship (amistad) is
forged through repeated or long-term interactions with
middlemen, co-workers, fellow soldiers, classmates, and
participants in regional retreats or political events. Con-
sanguineal kinship can also provide the basis for long-
distance relationships. Reciprocity-based relationships
with kin are often less expensive to maintain than
reciprocity-based relationship with friends
(Hruschka, 2010); however, given high rural fertility—as
of 2012, total completed fertility (living children only)
was 5 for the Intercultural community and 6.5 for the
Mosetén community—individuals report that they are
selective when it comes to maintaining close relation-
ships with siblings and cousins, focusing on those who
reciprocate. Affinal kin are also common connections—
unsurprising, as humans often strategically use marriage
to forge between-community relationships and gain
resource access (Chapais, 2008; Pisor & Surbeck, 2019).
For example, some members of the Mosetén community
accuse non-Mosetén males of marrying Mosetén females
to gain access to tribal lands for horticulture or logging.
Catholics in both communities also strategically use fic-
tive kinship (specifically, godparent relationships) to
solidify long-distance relationships with those they
believe are best able to help them or their children.

2.2 | Data collection

In March to June 2017, A. P. interviewed 119 participants
about their migration histories, long-distance relation-
ships, same-community relationships, household posses-
sions, self-described extraversion, and demographics.
Given variable literacy across participants but familiarity
with signing documents, consent forms were read aloud
and participants provided written (ie, signed) consent. All
field protocols were approved by the Max Planck Institute
for Evolutionary Anthropology Department of Human
Behavior, Ecology, and Culture, and declared exempt
from additional IRB oversight. More details on data col-
lection and on the limitations of the predictors described
appear in the Supporting Information.

2.2.1 | Migration histories

Participants were asked to name the departments (the
equivalent of provinces) in which they had lived or to
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which they had traveled during their lives. Participants
reported each interval they spent in another department,
including how long they were there and at what age.
There are limitations to this reporting method. Because
A. P. did not ask for dates of travel—only age and length
of stay—we cannot be sure which months of the year
participants were in a particular department; as precipita-
tion varies seasonally, this limits our ability to infer pre-
cipitation exposure. We therefore estimate a participant's
precipitation exposure based on where they lived for a
year or longer. If participants did not report living in
another department during a particular year of their life,
we assumed that they were in the La Paz Department—
the location of the two collaborating communities. A few
participants (n = 9) had lived outside of Bolivia, either
because they were born there (n = 2), lived there as chil-
dren (n = 1), or completed migrant labor there (n = 7;
one returned to his birthplace for work). Three named
the departments in which they had lived in these other
countries; for the other six participants, A. P. assigned
participants their probable department of residence using
other data from their interviews (n = 2) or data indicat-
ing the most common department in which Bolivians live
in that country (n = 4; Pereira Morató, 2011). Two partic-
ipants reported living in another location for 1.5 and
2.5 years, respectively; we rounded these values up to the
nearest whole year.

2.2.2 | Long-distance relationships

A. P. asked participants to count their number of friends
“who live elsewhere, whom they see only once in a
while”; to indicate whether they and these friends “help
each other” or “do favors for each other” (ie, engage in
reciprocity); and to describe the nature of the help or
favors. Participants named between zero and eight people
as friends living elsewhere. These friends lived at dis-
tances ranging from five km to thousands of km away.
However, as only 11 participants had more than three
connections—including just three participants with five
connections and one participant each with six, seven, or
eight connections—we bin those participants into the
category of three or more so that the thresholds estimated
during the model-fitting process (Section 2.4.1) are not
based on single or very few observations. The 11 partici-
pants with more than three long-distance connections
were predominantly males (n = 9), had visited more
places, and were more extraverted than other participants
(see Section 2.2.4 for more details on these variables).

Commonly reported help and favors provided by
long-distance friends included monetary loans,
encomiendas (packages shipped by bus that contain foods

and market items not locally available), and lodging. For
a participant to have access to nonlocal resources in
times of shortfall, presumably they must have a
reciprocity-based relationship with their long-distance fri-
ends. However, 49% of participant-friend dyads did not
help one another; participants sometimes clarified that
they and their friend only reciprocated friendship (sólo
amistad). As a robustness check, we assess whether there
is a relationship between exposure to drought or excess
precipitation and the number of long-distance friends
who engage in reciprocity with the participant
(Section 2.4.3). Because only 21 participants named two
or more reciprocity-based long-distance relationships, we
bin those who named two or more relationships with
those who named two.

2.2.3 | Same-community relationships

It is possible that the relationship between drought or
excess precipitation exposure and a participant's number
of social connections is not specific to long-distance con-
nections, but instead extends to all social connections
(Section 1.3). Accordingly, we assess the relationship
between drought or excess precipitation exposure and the
presence of a same-community connection
(Section 2.4.2). A. P. asked participants whether there
were any other households in the community that are
“doing favors for you and your household” or “help you
and your household.” She asked only about the first
household with which participants reported such a rela-
tionship; as such, we parameterize same-community rela-
tionships as either present or absent. Participants were
also asked to name the favors or help the other house-
hold provided (the most common responses were loaning
tools, loaning money, and exchanging labor), to name
the favors or help they provided in turn, and to report
their relationship to that household (eg, neighbors, kin,
friends). Given that it may be less costly for participants
to maintain relationships with consanguineal kin
(Section 2.1), as a robustness check we code same-
community relationships as “present” only if the house-
hold named was not related to the participant by blood
(Section 2.4.2). Note however that only 16 participants
reported non-consanguineal kin same-community rela-
tionships, compared to 71 participants who reported con-
sanguineal same-community relationships.

2.2.4 | Control variables

Independently of their experience of precipitation, some
participants will simply have had more opportunities to

PISOR AND JONES 7 of 19



forge long-distance relationships than others. We identi-
fied six variables that capture these differential opportu-
nities. First, participants who are older have spent a
smaller proportion of their lives with access to roads and
cell or data service than younger individuals, and without
roads or communications infrastructure, long-distance
relationship formation was more costly. On the other
hand, age could have the opposite effect on long-distance
relationship formation, as older individuals have had
more time to form these relationships than younger indi-
viduals. Second, since the road to the Mosetén commu-
nity is 25 years newer than the road to the Intercultural
community, this may have contributed to community-
level differences in opportunities for mobility. There are,
of course, a number of other differences between these
communities that could have unobserved effects. Third,
males in these communities have higher mobility than
females and thus greater opportunity to forge long-
distance relationships. Fourth, participants with access to
smartphones and to personal vehicles will have an easier
time maintaining long-distance relationships than those
who do not. Fifth, individuals who are more outgoing (ie,
more extraverted) may initiate more social relationships
in general (Ashton & Lee, 2007; Nettle, 2006), including
with long-distance partners. Finally, individuals who
have traveled more have had more opportunity to form
long-distance relationships through direct contact—even
if they only visited a location temporarily.

We include each of these variables as controls (or, in
the case of community, random effects) in our models.
Participants were asked to self-report their year of birth;
as asking participants to identify their sex or gender is
considered a strange question in this context, a research
assistant recorded the participant's sex based on their out-
ward presentation. In these communities, participants
provide A. P. the birth year on their identification card;
note however that for older individuals, the year on their
identification card is more likely to be an estimate they
reported to government officials. Participants self-
reported household-owned market possessions, including
smartphones and vehicles. They also indicated their self-
perception of their extraversion using two modified ques-
tions from the Newcastle Personality Assessor
(Nettle, 2009). For these two questions, A. P. used emer-
gent Likert scales based on open-ended responses from
participants; accordingly, one item has three possible
responses (“always,” “sometimes,” and “never”) and one
item four possible responses (“always,” “sometimes,”
“rarely,” and “never”). We assigned numeric values to
each response (“never” = 1) and summed responses
across the two questions. From participants' migration
histories (Section 2.2.1), we count the number of other
countries and the number of departments outside the La

Paz Department in which participants have spent a
month or more cumulatively across their lifetimes; note
that this includes both departments in which participants
spent a year or more (per Section 2.2.1) and departments
in which they completed multiple shorter (eg, several
day) visits.

Another variable that could affect not just differential
opportunity, but differential interest in long-distance
relationships is the use of an alternate adaptation,
namely diversification (Section 1.2). Although almost all
sources of income in this community are either directly
or indirectly dependent on cash cropping—for example,
individuals cannot pay wages to laborers, purchase gro-
ceries, or pay for taxis without cash—it is possible that
households with more diversification of their sources of
income may have less need for long-distance relation-
ships. Participants reported between zero and four
sources of household income over the previous month.
We conduct exploratory robustness checks, analyses we
did not preregister, to assess whether number of income
sources affects number of long-distance connections.
These results are reported in Section 3.6.

2.3 | Precipitation data

Precipitation accumulation data were downloaded from
the NCAR Computational and Information Systems Lab-
oratory (Standardardized Precipitation Index (SPI) for
Global Land Surface (1949-2012), 2013). Data were avail-
able for January 1, 1949 through December 31, 2012 and
are reported at the granularity of one latitude by one lon-
gitude cells globally. As is common practice in meteoro-
logical science, daily precipitation accumulation data
were averaged by three-month windows and normalized
to a standard normal distribution, such that values above
zero indicate more precipitation than average and values
below zero less precipitation than average for a given
window (eg, January-February-March) and a given one
latitude by one longitude cell (eg, −16 latitude, −68 longi-
tude) across all years, 1949-2012 (Orlowsky &
Seneviratne, 2013). These values are called the Standard-
ized Precipitation Index (SPI) and are reported for the
month at the midpoint of the three-month interval (eg,
February for January-February-March). By common
practice, when the SPI for a given month is at or below
−1 (ie, −1 SD), the month is considered “dry,” and when
the SPI is at or above one, the month is considered “wet”
(Svoboda, Hayes, & Wood, 2012). Indeed, when the SPI
reaches −1, common practice is to call this a drought for
the grid cell in question; the length of the drought is
determined by the length in months during which the
SPI was below zero (McKee, Doesken, & Kliest, 1993).
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The same logic holds for excess precipitation: if the SPI
goes above zero and reaches one before returning to zero,
that interval is labeled excess precipitation; if the SPI
does not reach one, it is not considered an interval of
excess precipitation.

We estimated participants' precipitation exposures
using a combination of their migration histories and the
SPI data. With shapefiles delimiting the boundaries of
each department in Bolivia and in neighboring countries
(Hijmans, n.d.), we matched the grid of SPI values to
departments. As A. P. did not ask about locations visited
within each department, we averaged the SPI by month
for each department (eg, averaged the SPI values for all
grid cells within the La Paz Department for January
2012). For each month of their life, participants were
then assigned a departmental SPI value based on the
department in which they were living. Recall that partici-
pants were asked only how long they had spent in each
department and the ages during which they were there
(Section 2.2.1), such that we can only draw inferences
about stays in a department lasting a year or longer. As
participants also provided only their birth year rather
than birth date, for simplicity we treat all participants as
born on January 1 of their birth year; if they reported
spending a year in a particular department (eg, Santa
Cruz Department) at a given age (eg, 21, when they were
born in 1985), we assign them the department SPI values
for that entire year (eg, the average SPI in Santa Cruz for
January-December 2006).

We calculated predictors (P1-3) using the following
procedures:

(P1) We estimated a participant's exposure to
chronic drought and chronic excess precipitation by
taking (a) the average length of all drought intervals
they experienced and (b) the average length of all
excess precipitation intervals they experienced. Note
that if a participant moved from one department to
another during a drought interval, if the second depart-
ment had an SPI below 0 when the participant arrived,
we treat the drought interval as if it continued, because
the participant's exposure to below-average rainfall con-
tinued even though they moved departments; this is
consistent with our reasoning that exposures can affect
preferences and behaviors even after migration
(Section 1.3). However, if the second department had
an SPI at or above 0 when the participant arrived, we
closed the drought interval. We likewise continued
excess precipitation intervals following a move if the
second department had an SPI above 0 when the partic-
ipant arrived.

(P2) To estimate a participant's experience of positive
temporal autocorrelation in downsides (both drought and
excess precipitation), we calculated the length of the

intervals during which a participant was not experiencing
either a drought or excess precipitation. We then took the
average length of these intervals, producing a single mea-
sure of average latency between events of drought and
excess precipitation.

(P3) We estimated a participant's patterned exposure
to drought and patterned exposure to excess precipita-
tion by summing the months during which the partici-
pant experienced (a) an SPI of −1 or lower (a dry
month), and (b) an SPI of 1 or higher (a wet month).
As we are interested in whether variation in precipita-
tion is experienced as patterned or as a rare shock, we
divided this sum by the total months of the participant's
life for which we have precipitation data (1949-2012) to
get the frequency of wet months and dry months dur-
ing their lifetime. We chose to use dry and wet months
to estimate (P3) rather than drought intervals or excess
precipitation intervals (as we did for [P1]) because
(H3) is specific to the frequency of experience of down-
sides. For example, two individuals may have each
experienced 20 months of −1 SPI, but perhaps Individ-
ual A has experienced four intervals of drought, each
with 5 months at −1, but Individual B has experienced
two intervals of drought, each with 10 months at −1.
By the McKee et al. (1993) definition, Individual A has
experienced more droughts than Individual B, but both
have equal experience with bad months—when produc-
tion is likely to be impacted by low precipitation—such
that for both A and B, low precipitation is not a rare
shock. As such, we evaluate H3 using total months of
experience of −1 or lower SPI (or +1 or higher SPI, for
excess precipitation) rather than total intervals of
drought or excess precipitation.

2.4 | Statistical methods

All models reported here were implemented in R version
4.0.2 (R Core Team, 2020) with package brms
(Bürkner, 2017), a package that runs Bayesian models in
Stan (Stan Development Team, 2020). We centered all
continuous variables such that zero indicates the mini-
mum observed value in the sample. The data set, meta-
data, and code can be found at http://doi.org/10.5281/
zenodo.4065638.

2.4.1 | Analyzing the predicted
relationships

We constructed five separate models to investigate the
relationship between a participant's number of long-
distance relationships and their chronic, positively
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autocorrelated, and patterned exposure to droughts and
excess precipitation. There are three reasons we con-
structed five separate models instead of one. First, (P1-3)
all capture the nature of a participant's exposure to vari-
ability in precipitation and are thus not independent. For
example, because the average length of intervals between
downsides (P2) is not independent of the average dura-
tion of drought or of excess precipitation events (P1)—as
the former goes up, the latter two will go down—these
predictors should not be included in the same model.
Second, we model drought and excess precipitation sepa-
rately because the two affect participants differently and
thus may differentially impact the formation of long-
distance relationships (Section 1.3). Third, dry or wet
months, or intervals of drought or excess precipitation,
are mutually exclusive: a participant cannot experience a
drought and excess precipitation at the same time. Given
that drought and excess precipitation are not indepen-
dent and may have different effects on long-distance rela-
tionship formation, we model drought and excess
precipitation separately in (P1) and (P3); as (P2) refers to
intervals free of both drought and excess precipitation,
only one model is needed.

The predicted relationships were analyzed with
sequential models with continuous parameterization and
a logit link function. After binning higher values for
number of long-distance relationships (see Section 2.2.2),
participants could have only 0-3 long-distance connec-
tions. With so few potential values for the outcome vari-
able, normality assumptions are violated. Further, the
data are not generated by a Poisson process: individuals
move between different levels across time (eg, an individ-
ual must have two long-distance friends before they can
have three), and the thresholds between these different
levels are not necessarily equidistant (eg, it may be much
more difficult for an individual with zero long-distance
friends to form a relationship with one than for an indi-
vidual with one long-distance friend to form a relation-
ship with a second). Accordingly, we treat long-distance
relationships as ordinal and use a sequential model. For
further details on these models, see Supporting Informa-
tion 3.1. As an exploratory robustness check, we assess
whether a Poisson modeling approach, without binning
the number of long-distance relationships, generates
qualitatively similar results; these results are reported in
Section 3.7.

Included in these five sequential models are a random
effect for community of residence and fixed effects for all
control variables (Section 2.2.4). We use a random effect
for community such that we can pool our estimates at
the community level; this is more appropriate than
pooling data across both communities when estimating
parameters, as these two communities differ in important

ways (Section 2.1). We use weakly informative priors for
all variables (Supporting Information 3.2).

2.4.2 | Analyzing an alternative outcome

We assessed whether the effects of chronic, positively
autocorrelated, and/or patterned exposure to drought
and excess precipitation were specific to long-distance
relationship formation, or apply to the formation of any
relationships, by investigating whether these exposures
also predict the presence of same-community relation-
ships. Because the presence of a same-community rela-
tionship is a binary variable, we conducted these analyses
using a logistic regression in brms. Like we did for the
sequential models described above, we again included
community of residence as a random effect, included
control variables as fixed effects, and used weakly infor-
mative priors.

2.4.3 | Robustness checks of the
outcomes

As discussed in Section 2.2.2, it is possible that the effects
we predicted in (P1-3) are specific to long-distance rela-
tionships based on reciprocity, not just recognition of
friendship. Further, when considering whether same-
community relationships are also predicted by chronic,
positively autocorrelated, and/or patterned exposure to
drought or excess precipitation, it is possible that any
effect is specific to same-community relationships forged
with non-consanguineal kin, not to relationships with
both kin and nonkin individuals (Section 2.2.3). We
modeled the effects of (P1-3) on each of these two out-
comes as robustness checks, using a sequential model
(described in Section 2.4.1) to model reciprocity-based,
long-distance relationships, and a logistic model
(described in Section 2.4.2) to model same-community
relationships with non-consanguineal kin. All other
model parameters and priors remained the same.

2.4.4 | Robustness checks of the
predictors

Exploratory data analysis suggested that outliers in the
predictors of interest (P1-3) may influence model fit. We
assessed the influence of these individual points on
model fit for each of the five models described in Sec-
tion 2.4.1. Two influential outliers were excluded when
fitting the drought model for (P1); however, outliers were
not influential in the fits of the other four models and
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thus were not excluded from the fitting process. (See
Supporting Information 3.4 for further details.)

2.4.5 | Robustness checks of control
variables

A. P. forgot to ask one participant about their extraver-
sion. We imputed values for this participant using predic-
tive mean matching implemented with the mice package
(Van Buuren & Groothuis-Oudshoorn, 2011) and used
these imputed data to fit all models described above. As a
robustness check, we excluded this participant and refit
each model. Their exclusion did affect model estimates in
some cases, as we report in Section 3.5.

2.4.6 | A note on results reporting

As all models reported here use a logit link function and
are Bayesian, we report results using odds ratios (ORs)
and 90% credible intervals (CIs). We explain how ORs
and CIs work in Supporting Information 3.6. Briefly, we
use 90% CIs because (a) CIs are typically wider than con-
fidence intervals, as Bayesian models better account for
uncertainty than frequentist models, and (b) the 95% cri-
terion can be unstable for CIs, requiring extensive sam-
pling during the model-fitting process (Kruschke, 2014).
As the OR estimate for intercepts—including the thresh-
olds for transitioning from zero to one long-distance rela-
tionship, one to two, and so forth—do not have a
straightforward interpretation, we do not report
these here.

3 | RESULTS

Participants had experienced variable lengths of intervals
of drought (mean length in months = 6.39, SD = 0.46,
range = 4.46-7.25), of excess precipitation (mean
length = 5.80, SD = 0.82, range = 4.42-7.85), and free of
drought or excess precipitation (mean length = 6.75,
SD = 0.93, range = 4.72-11.89). For comparison, note that
from 1949 to 2012 in the La Paz Department, the mean
length of intervals of drought was 7.09 and of excess pre-
cipitation was 6.56; deviation from these values among
participants reflects differences in their ages and experi-
ences of migration. Participants also had a large range of
experience with dry months (26-80 months; 7.4%-15.6%
of their lifetimes for which we had data) and wet months
(21-88; 6%-18.8%), indicating variability in exposure to
patterned precipitation (dry month SD = 13.87, wet
month SD = 16.58). Participants' modal number of long-

distance relationships was one, and 73% of participants
had a same-community reciprocity-based relationship
with someone. Further descriptive statistics appear in
Table S1a-d.

3.1 | (H1) Chronic exposure to
downsides will be associated with a greater
number of long-distance social
relationships

Participants who had experienced longer average inter-
vals of drought or longer average intervals of excess pre-
cipitation were no more likely to have long-distance
social relationships than participants who had experi-
enced shorter average intervals of drought or excess pre-
cipitation (Figure 2; Figure S1). This was true whether
we considered all long-distance connections or just those
that are based on reciprocity (drought: all relationships
OR = 0.69 [CI = 0.35-1.37], reciprocity-based OR = 1.72
[CI = 0.81-3.75]; excess precipitation: all relationships
OR = 1.39 [CI = 0.90-2.17], reciprocity-based OR = 0.88
[CI = 0.53-1.46]). Likewise, the effect of chronic exposure
to downsides did not impact other social relationships
measured: the presence of a same-community relation-
ship based on reciprocity—even limiting this to a same-
community relationship with non-consanguineal kin—
was not associated with either longer average intervals of
drought or of excess precipitation (Figures S2 and S3;
drought: all relationships OR = 0.59 [CI = 0.20-1.67],
non-consanguineal kin OR = 0.71 [CI = 0.17-2.75];
excess precipitation: all relationships OR = 1.02
[CI = 0.52-1.95], non-consanguineal kin OR = 0.84
[CI = 0.29-2.35]).

3.2 | (H2) Experience of positive
temporal autocorrelation between
intervals of downsides will be associated
with a greater number of long-distance
social relationships

Participants who had experienced shorter average inter-
vals between downsides—that is, shorter intervals free of
drought or excess precipitation—were no more likely to
have long-distance social relationships than participants
who had experienced longer average intervals (Figure 2;
Figure S1); this was true for both all long-distance rela-
tionships and the subset of long-distance relationships
that are based on reciprocity (all relationships OR = 1.02
[CI = 0.77-1.37], reciprocity-based OR = 1.12
[CI = 0.82-1.58]). Same-community relationships based
on reciprocity, including the subset of non-consanguineal
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same-community relationships, were also not associated
with shorter intervals between downsides (Figures S2
and S3; all relationships OR = 1.43 [CI = 0.88-2.46], non-
consanguineal kin OR = 1.22 [CI = 0.68-2.09]).

3.3 | (H3) Experience of downsides that
are more patterned (ie, less like rare
shocks) will be associated with a greater
number of long-distance relationships

Participants who had experienced a higher frequency of
dry months or wet months were no more likely to have
long-distance social relationships than participants who
had experienced a lower frequency of dry or wet months
(Figure 2; Figure S1). Again, this was true both when we
considered all long-distance relationships or only the sub-
set that involve reciprocity (drought: all relationships
OR = 0.84 (CI = 0.68-1.02), reciprocity-based OR = 1.01
(CI = 0.80-1.29); excess precipitation: all relationships
OR = 1.10 (CI = 0.96-1.25), reciprocity-based OR = 0.90
[CI = 0.76-1.06]). The effect was likewise not present for
same-community reciprocity-based relationships, includ-
ing for only those same-community relationships with
non-consanguineal kin (Figures S3 and S4; drought: all
relationships OR = 0.83 [CI = 0.61-1.12], non-
consanguineal kin OR = 0.84 (CI = 0.54-1.29); excess pre-
cipitation: all relationships OR = 1.02 [CI = 0.83-1.25],
non-consanguineal kin OR = 0.82 [CI = 0.60-1.09]).

3.4 | The effects of control variables

Consistently across the five main models (Figure 2),
males, participants who are more extraverted, and partic-
ipants who have visited a greater number of departments
or countries for a month or more were more likely to
have an additional long-distance social relationship. Tak-
ing just the first model, the (P1) drought model, as an
example, male participants were more than twice as
likely to have an additional long-distance connection
(OR = 2.14, CI = 1.25-3.66); for each increase of one inte-
ger on the extraversion scale, participants were one and a
half times as likely to have an additional long-distance
connection (OR = 1.46, CI = 1.17-1.84); and for each
additional department or country visited for a month or
more, participants were 1.24 times as likely to have an
additional long-distance connection (OR = 1.24,
CI = 1.01-1.52). The relationships between being male
and between departments or countries visited and long-
distance connections held for the subset of connections
that were reciprocity-based, though the CIs for being
extraverted included an OR of 1 (Figure S1). None of
these variables predicted whether a participant had a
same-community relationship (Figure S2), although
extraversion was a consistent predictor of having a same-
community, non-consanguineal relationship (Figure S3).
Owning a vehicle was also a robust predictor of having a
non-consanguineal, same-community relationship: par-
ticipants who owned one were approximately five times

FIGURE 2 Parameter estimates and 90% credible intervals for the five main models, treating long-distance relationships as the

outcome
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more likely to have a non-consanguineal, same-
community relationship across all models (Figure S3).
However, recall that few participants (n = 16, or 13% of
the total sample) reported a non-consanguineal, same-
community relationship, such that this effect is driven by
a few data points.

A random effect for community was included in each
model. One can obtain estimates for random effects,
examining whether the CI for the intercept for a commu-
nity includes an OR of 1. Across the five main models, all
estimates for random effects included an OR of
1, suggesting that community of residence did not predict
having an additional long-distance relationship.

3.5 | Robustness checks of control
variables

Data were imputed for the extraversion scale for one par-
ticipant. To assess the robustness of our model fits to
their inclusion, we re-ran the five main models with this
participant excluded. Their exclusion did not affect model
fits, with the exception that the CIs for departments or
countries visited in the (P1) drought model and for being
male in the (P1) excess precipitation model shifted to
include an OR of 1; the participant's exclusion did not
affect estimates for extraversion, the variable for which
we imputed their data.

3.6 | Exploratory analysis: Robustness
check of diversity of income sources

Across all five main models, number of household
income sources did not predict having another long-
distance relationship. Inclusion of this predictor blunted
the effect of number of departments or countries visited,
such that the CIs in three of the five models included an
OR of 1, but the effects of sex and extraversion remained
consistent across all models.

3.7 | Exploratory analysis: Robustness
check of sequential vs Poisson modeling
approaches

Because sequential models are appropriate for analyzing
the data in question (Section 2.4.1), we did not preregister
analyses using a Poisson modeling approach. Further, we
did not preregister analyses in which higher-level obser-
vations for number of long-distance relationships were
not binned, as so few participants reported having more
than three long-distance connections and model

estimates based on so few observations are inappropriate
when estimating thresholds in sequential models
(Section 2.2.2). However, we find that sequential and
Poisson approaches produce qualitatively similar results
for the five main models, even when long-distance con-
nections are not binned in the Poisson approach: there
were consistent effects across all models only for partici-
pant sex, extraversion, and number of departments or
countries visited.

4 | DISCUSSION

Climate variability has been a consistent feature of
human evolution (Pisor & Jones, this issue), entailing a
risk of resource shortfalls that humans manage using a
suite of behavioral adaptations. Long-distance social rela-
tionships are often key to several of these adaptations,
including mobility, pooling, and exchange; however,
long-distance relationships can be costly to build and
maintain. Given their cost, we hypothesized that individ-
uals will be more likely to have long-distance relation-
ships when the downsides of climate variability are
chronic, temporally positively autocorrelated, and pat-
terned (as opposed to rare)—that is, when individuals are
more likely to draw on their long-distance connections to
manage resource shortfalls. In two communities of Boliv-
ian horticulturalists, we found that individual differences
in experience of average duration of drought and excess
precipitation, of average time between intervals of
drought and excess precipitation, and of frequency of
unusually dry or wet months did not predict having a
greater number of long-distance relationships—or, for
that matter, having a same-community, reciprocity-based
relationship. We did find, however, that participants who
were male, more extraverted, and had visited a greater
number of locations more were likely to have an addi-
tional long-distance connection (see Section 4.1 for fur-
ther discussion).

These results are consistent with ethnographic data
from these two communities. Another common function
of long-distance relationships is to gain access to patchy
resources only available in some communities (Pisor &
Surbeck, 2019), which appears to be the primary function
of long-distance relationships in rural Bolivia. Commu-
nity residents identify their long-distance connections as
individuals who know where to find work in migrant
labor, send packages of specialty foods and market items,
provide short- or long-term lodging, and help navigate
government bureaucracy (Section 2.2.2). In contrast,
when asked who could loan money during a hypothetical
flood, 66% of participants named someone in the same
community (Supporting Information 4); when A. P.
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asked why not someone from elsewhere, participants
pointed out that during the 2014 flood, they could not
reach their long-distance connections even if they wanted
to, either by phone or by car. Instead, even though com-
munity residents feel that climate variability is worse
now than it was in the past, adaptations that do not
require long-distance relationships, especially savings
and within-community pooling (Section 1.2), are still suf-
ficient to manage downsides. For example, when floods
or landslides strike, households often slaughter their pigs
and chickens and switch to consuming their cash crops
for subsistence; during the 2014 flood, this sustained
most households for over a month. Government aid ful-
filled the remaining demand for food, and those who
could not absorb the cost of their lost cash crops took out
bank loans. Though droughts do not cut off road or data
access, community members manage droughts with dif-
ferent adaptations as well: for example, members of the
Intercultural community loan each other bags of rice,
repaying in kind the following year. In an exploratory
analysis, we did not find any evidence that diversification
of income sources reduced a participant's number of
long-distance relationships (Sections 2.2.4 and 3.6). How-
ever, given the tight linkage between horticultural pro-
duction and most income sources in these communities,
this is unsurprising: a downside in production cannot
easily be managed by other activities dependent on pro-
duction. In short, even though access to long-distance
connections has improved over the last few decades, indi-
viduals continue to utilize community-based adaptations
for managing the downsides of climate variability; long-
distance relationships instead provide access to patchy
resources available only in other locales, as they have in
Bolivia since long before European contact (Section 1.3).

If not those experienced by these two communities of
Bolivian horticulturalists, under what conditions might
we expect that exposure to chronic, positively temporally
autocorrelated, and patterned downsides favors the for-
mation of and investment in long-distance relationships?
We highlight two considerations. First, it may be that
most horticultural communities fall into such a narrow
range of the variation in downsides that long-distance
relationships are not a common means of risk manage-
ment. However, several known horticulturalist
populations use short-term mobility to manage risk, dis-
persing to visit friends and family during droughts, high-
intensity frosts, and other potential sources of
community-wide famine (table 2; Spielmann, 1986).
Indeed, the Tsimane', a population with a long history of
intermarriage with the Mosetén, still regularly use visita-
tion (sobaqui) to call upon the resources of consanguineal
kin or affines during times of shortfall; the Mosetén
greatly reduced their practice of visitation as they became

more involved in cash cropping. In short, though long-
distance relationships are often less long in high-
productivity environments relative to low-productivity
environments (Section 1.2), they are still present. Fur-
ther, for both horticulturalist and non-horticulturalist
communities, mobility is often used as a last resort, when
downsides are of such high impact or long duration that
all locally based adaptations are exhausted (Forbes, 1989;
McLeman, 2018; Spielmann, 1986; Waddell, 1975)—
consistent with the hypotheses in this article
(Section 1.2). Even during the flood of 2014, the two col-
laborating communities did not exhaust their local
options, and given landslides had washed out roads, the
cost of mobility was high. In sum, horticulturalists do
appear to experience downsides chronic enough to favor
risk management via long-distance connections. How-
ever, existing data suggest that horticulturalists are pri-
marily utilizing long-distance relationships either for
access to nonlocal resources (as are the Mosetén and
Interculturales) or for mobility in response to downsides,
rather than for exchange or pooling (Spielmann, 1986).
Accordingly, if mobility is reduced by participation in the
market economy, or if local adaptations are sufficient to
manage most climate variability, the utility of long-
distance relationships for risk management is likewise
reduced.

Along this vein, given the sometimes high cost of for-
ming and maintaining long-distance relationships
(Section 1.2; Fitzhugh et al., 2011; Minnis, 1985), one
should consider the availability and comparative cost of
alternative adaptations when making predictions about
the relevance of long-distance relationships for managing
downsides. As we and others have outlined, humans
have a number of behavioral adaptations for managing
risk, including mobility, diversification, savings, force,
pooling, and exchange; some of these, especially mobility,
pooling, and exchange, can involve long-distance rela-
tionships (Section 1.2; Agrawal, 2010; Colson, 1979; Hal-
stead & O'Shea, 1982, 1989; Pisor & Jones, n.d.-b;
Spielmann, 1986; Thornton & Manasfi, 2011). When the
cost of one of these adaptations goes down or up, the rel-
ative net benefits of the others change. For example, the
availability of bank-based savings and loans or govern-
ment programs can crowd out between-community
pooling systems: when local adaptations are near
exhausted, as they were during the 2014 floods in Bolivia,
government assistance can substitute for long-distance
relationships (Pan, 2009). Further, to recap our discus-
sion in Section 2.1, while vehicles and data service
reduced the cost of long-distance relationships for the
collaborating communities, making mobility, between-
community pooling, and exchange more affordable, cash
cropping increased the cost of mobility—with the
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exception of migrant labor, as this often complements
rather than replaces household horticultural production.
Ethnographic data about the costs and benefits of alter-
native adaptations can provide suggestive evidence for
whether long-distance relationships will be part of indi-
viduals' risk management portfolios.

Even though residents of these two Bolivian commu-
nities are not using long-distance social relationships to
respond to climate variability, the climate community
(including policymakers, international organizations, and
climate-oriented social scientists) should be attuned to
the relevance of long-distance relationships for managing
the downsides of contemporary climate change. An abun-
dance of archeological evidence suggests that individuals
used long-distance relationships to respond to climate
change in the past (Braun & Plog, 1982; Douglass &
Rasolondrainy, this issue; Freeman, Hard, &
Mauldin, 2017; Halstead & O'Shea, 1982; Minc &
Smith, 1989; Minnis, 1985) and both ethnographic and
quantitative data demonstrate that they continue to do so
today (Bird et al., 2019; Cashdan, 1985; Wiessner, 1982).
Researchers wish to better understand locally emergent
adaptations for managing climate change so that they
can promote these responses around the globe (Jones
et al., this issue); overlooking the potential role of long-
distance relationships—even if they ultimately end up
being of little relevance in a particular context, as was the
case in the two Bolivian communities—will provide only
a partial picture of the suite of climate-change adapta-
tions humans are using.

4.1 | The effects of sex, visitation, and
extraversion

We found that males, individuals who had visited a
greater number of departments or countries, and those
who were more extraverted were more likely to have an
additional long-distance social relationship. Ethno-
graphic and interview data indicate that males have
always had higher mobility in these communities, a pat-
tern reinforced by migrant labor participation and man-
datory military service (Section 2.1) and consistent with
data from other populations (Miner, Gurven, Kaplan, &
Gaulin, 2014; Vashro & Cashdan, 2015). Because of
higher mobility, males have simply had more opportuni-
ties to form long-distance relationships than have
females. Beyond the effect of sex, individuals in our sam-
ple varied in their histories of migration and mobility;
though associated variation in precipitation exposure did
not predict the number of long-distance friends, unsur-
prisingly more exposure to candidate long-distance fri-
ends did. Finally, more extraverted individuals are more

likely to form social relationships in general (Ashton &
Lee, 2007; Nettle, 2006), including—as our findings seem
to suggest—long-distance relationships.

4.2 | Limitations

Though we discussed how both positive temporal and
positive spatial autocorrelation of downsides—that is,
clustering of downsides in time or space—could deplete
local adaptations, increasing the net benefits of long-
distance relationships, we did not investigate the role of
spatial autocorrelation in this article. In a different paper,
we take a theoretical approach to spatial autocorrelation
and its role in the formation of long-distance social rela-
tionships (Jones & Pisor, n.d.). For example, the 2014
flood affected so many in the Bolivian lowlands, long-
distance connections elsewhere in the lowlands would
have been in no position to help: effective risk manage-
ment would have required individuals to have long-
distance connections in the Andes or some other location
unlikely to be affected by widespread flooding. To this
point, because A. P. asked about friends “who live else-
where” rather than specifying a particular distance, the
long-distance friends named by participants lived from
five to thousands of km away. Accordingly, the friends in
the present sample would vary in their ability to help. In
this article, we only analyzed how many connections a
participant reported outside of their community; in Jones
and Pisor (n.d.), we ask how far away connections must
live to help an individual manage resource shortfalls.

Along this vein—consideration of which long-
distance connections might be better positioned to help
during times of shortfall—it would also be reasonable to
consider whether a diversified risk management portfolio
included not only long-distance connections in various
locations, but also in various professions. For example, if
a drought strikes the entire La Paz Department, connec-
tions working in an industry other than agriculture might
be best able to help an individual from a horticultural
community, regardless of whether they live in the capital
city or just down the road. We do not have information
on the occupations of participants' long-distance connec-
tions, but this strategy for diversifying one's portfolio
should be studied in future work.

Though participants in this sample differ in their
exposures to drought and excess precipitation, their expe-
riences are not hugely variable. Precipitation does vary in
the Bolivian lowlands, both within and across years
(Godoy et al., 2008), but unless participants are mobile or
are different ages, we should expect few to no differences
between them in their exposures. Mobility and age are
responsible for some variability in exposure in this

PISOR AND JONES 15 of 19



sample—for example, approximately 10% of all months
experienced by participants were unusually dry or unusu-
ally wet, with SDs of 1.31 and 1.92, respectively. How-
ever, because we are interested in cumulative experience
with chronic downsides (H1) and with temporal positive
correlation between downsides (H2), we summarized
participants' exposures by calculating the mean length of
all drought intervals, excess precipitation intervals, and
intervals between downsides they had experienced
(respectively, mean drought length = 6.39, SD = 0.46;
mean excess precipitation length = 5.80, SD = 0.82; mean
interim interval = 6.75, SD = 0.93); summarizing con-
strains observed variability across participants. Unless
members of a population are particularly mobile,
researchers may be hard-pressed to find inter-individual
differences in exposure large enough to account for dif-
ferences in number of long-distance relationships. Future
work on the subject should perhaps consider whether dif-
ferential investment in long-distance relationships across,
rather than within, populationscan be explained by dif-
ferential exposure to downsides.

Finally, as with many anthropological investigations,
the power of this study was fairly low because of a quite
modest sample size (n = 119). This limitation can poten-
tially be overcome by pooling data across study
populations via cross-cultural comparative work (eg,
Koster et al., 2020).

5 | CONCLUSION

Ethnographic, archeological, and paleoanthropological
evidence indicate that long-distance social relationships
in humans function to provide access to nonlocal
resources and to manage the risk of resource shortfalls
brought on by environmental variability (Pisor &
Surbeck, 2019). We have hypothesized, here and else-
where (Pisor & Jones, n.d.), that individuals will be more
likely to manage risk using long-distance relationships
when their exposure to environmental downsides is
chronic, positively autocorrelated, and patterned
(as opposed to rare). Focusing on how individuals might
use their social networks to respond to climate change—
namely, climate variability—we predicted that individ-
uals in two communities of Bolivian horticulturalists
would have more long-distance social relationships if
they had experienced longer average intervals of drought
or excess precipitation, shorter intervals of reprieve
between intervals of drought or excess precipitation, and
a higher frequency of unusually dry or wet months across
their lifetimes. We found no support for any of these pre-
dictions, but instead found that individuals were using
long-distance relationships for their first function: access

to nonlocal resources (Pisor & Ross, n.d.). We should not
point to these results from Bolivia to conclude that
humans do not use long-distance relationships to manage
climate risks, given an abundance of evidence to the con-
trary; instead, we are reminded that the importance of
behavioral adaptations involving long-distance relation-
ships depends on the relative costs and benefits of other
available adaptations. As researchers continue to study
adaptations for managing the downsides of climate
change in an attempt to better support vulnerable com-
munities, we must include the study of long-distance
relationships, given their past and contemporary rele-
vance to communities around the globe.
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