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Abstract. The importance of kin relationships varies with socioecological demands. Among subsist-
ence agriculturalists, people commonly manage fluctuations in food availability by relying on fam-
ily members to share resources and pool labor. However, the process of market integration may
disrupt these support networks, which may begin to carry costs or liabilities in novel market envi-
ronments. The current study aims to address (1) how kin are distributed in household support net-
works (2) how kin support varies as households become more engaged in market activities, and (3)
how variation in kin support is associated with income disparities within a Yucatec Maya commu-
nity undergoing rapid market integration. Using long-term census data combined with social net-
works and detailed household economic data, we find that household support networks are pri-
marily composed of related households. Second, households engaged predominantly in wage labor
rely less on kin support than agricultural or mixed economy households. Finally, kin support is
associated with lower household net income and income per capita. Understanding how kin sup-
port systems shift over the course of market integration and in the face of new opportunities for
social and economic production provides a unique window into the social and economic drivers of

human family formation.
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1. Introduction

Behavioral ecology approaches to the study of the human family often focus on how
the costs and benefits of kin support are shaped by the demands of subsistence and eco-
nomic production. A fundamental approach to Human Behavioral Ecology (HBE) starts
with a question of how social and ecological conditions determine the costs and benefits
of different behavioral alternatives. Recent reviews of contemporary HBE work have
identified a clear focus on resource sharing and differences in kin vs. non-kin interactions
(Nettle et al. 2013). HBE studies of the family have recently used network approaches to
understand how kin relationships are structured and maintained over the life course and
their role in shaping divisions of labor and reproduction (Scelza and Bird 2008), the di-
versity and variation of kin and non-kin cooperation (Kasper and Mulder 2015; Hooper
et al. 2013) and intergenerational transfers of resources (Hooper et al. 2015).

While many key features of human social structure are consistent across culture and
ecology (Hamilton et al. 2007; Hill and Dunbar 2003), economic development appears to
stimulate flux in the composition and structure of social networks. Populations recently
exposed to market integration are argued to have less dense kin-networks, and more fre-
quent interactions with unrelated strangers (Newson and Richerson 2009; Colleran 2020).
Many prominent theories of economic development posit that changes in social networks
are a primary driver of the sweeping transformations that accompany modernization,
particularly as market and government institutions take on functional roles once held by
kin relationships (Notestein 1945; Handwerker 1986; Inkels and Smith 1974; Gurven et al.
2015). Scholars have argued that these shifts in social networks away from heavy reliance
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on kin shift fertility dynamics (Newson and Richerson 2009), social norms (Santos et al.
2017), prosocial behaviors (Henrich et al. 2005), and even the pace of economic develop-
ment (Eagle et al. 2010). Additionally, network relationships are important determinants
of health outcomes in both pre-industrial and post-industrial contexts (Smith and
Christakis 2008; Kramer 2010).

The decline in kin in social support networks has significant implications for how
resources flow between individuals and families in populations. Traditional sharing and
exchange networks including both kin and non-kin are strategies to minimize the risks
associated with subsistence production (Dyble et al. 2016; Kaplan et al. 2012; Kramer
2018). However, exposure to markets and wage labor presents new options to manage
risk besides reliance on social support networks. Cash, formal financial institutions, credit,
and government subsidies and programs provide alternative means to access, store, and
build resources. However, availability, efficiency, and familiarity with these new alterna-
tives may limit how easily they replace informal kin and non-kin support relationships.
Indeed, both HBE and economic explanations of how market integration alter social net-
works often emphasize either the costs of maintaining dense traditional networks com-
posed primarily of kin (di Falco and Bulte 2011; Jaeggi et al. 2016; Gurven et al. 2015) or
the social, economic, and informational benefits to adopting wider, more diverse relation-
ships with a greater proportion of non-kin (Lin 2017; Burt 2017; Granovetter 1973; Derex
and Boyd 2016).

Here, we aim to address (1) how kin are distributed in household support networks
in a community undergoing rapid economic development and market integration, (2) how
the role of kin in support networks vary as households become more engaged in market
activities, and (3) how variation in kin support networks are associated with increasing
wealth disparities within a Yucatec Maya community undergoing rapid market integra-
tion.

2. Background
2.1. Socioecological Changes Associated with Market Integration

Market integration is associated with a host of socioecological changes that have long
been studied in the social sciences. Market integration studies (often also referred to as
modernization and industrialization) have identified cascading effects of market involve-
ments on subsistence and indigenous communities (Godoy 2001), health and well-being
outcomes (Godoy et al. 2005; Urlacher et al. 2016), changes in ecological knowledge
(Godoy et al. 2005, 2016), and increasing prosocial behaviors (Gurven et al. 2015; Henrich
et al. 2005).

Primarily, market integration is associated with a key shift in household production,
as new economic opportunities emerge alongside traditional subsistence practices. In
these contexts, households face trade-offs in pursuing new social and economic opportu-
nities, or maintaining traditional economic production. Mixed economies arise when
households and communities are engaged in both the cash economy and subsistence pro-
duction and maintain traditional sharing and cooperative relationships (Burnsilver and
Magdanz 2019; Ready and Power 2018) as well as pursue new institutional and social re-
lationships. This context creates unique trade-offs that households must navigate as they
balance traditional economic and social behaviors with novel and often uncertain market
opportunities (Kramer et al. 2021).

In communities where market opportunities are centered on cash cropping, a com-
mitment to wage labor reflects a striking divergence from traditional household econom-
ics. Indeed, anthropologists have argued that the commitment to competitive wage-labor
jobs is precisely what drives the cascading suite of changes associated with market inte-
gration (Handwerker 1986; Shenk 2005). The reliance on cash and cultivating new skill
sets give rise to new time allocation and parental investment trade-offs, promoting a dra-
matic shift in household behavior (Colleran et al. 2015). Additionally, as networks expand
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and become composed of ties to diverse types of groups and individuals, households ben-
efit in competitive wage-labor contexts by increasing exposure to novel information and
contacts that can be leveraged into employment opportunities (Granovetter 1983; Burt
2017). Households with these types of outward looking networks may be more inclined
to enter wage-labor employment and forgo traditional economic production. However,
for households that double down on agricultural production as the means to generate
cash and participate in the market economy, local and kin-based sharing networks may
better serve to offset fluctuations in agricultural returns.

2.2. Costs and Benefits of Kin Support Networks in Mixed Economies

Support networks have well-documented effects on individual and household eco-
nomic wellbeing (Szreter and Woolcock 2004; Poortinga 2006), particularly in subsistence
economies where kin support is often associated with benefits for fertility, food security,
and health outcomes (Gibson and Mace 2005; Hadley et al. 2007; Harder and Wenzel 2012;
Hadley 2004). Furthermore, there is increasing evidence that kin support networks pro-
vide benefits in mixed economies (Burnsilver et al. 2016; Ready and Power 2018; Eakin
2005). However, the effects of kin support on economic outcomes may be strongly condi-
tioned by the types of economic production a household engages in. For example, for
households committed primarily to agricultural production, dense, homogenous, and
kin-based networks may prove beneficial by reinforcing norms of sharing, reciprocity,
and resource pooling (Portes 1998). Alternatively, households with few kin support ties,
or more diffuse networks may struggle to mobilize labor and resources needed for peak
times of agricultural production.

By contrast, these same network structures can become a liability when households
branch out from agricultural production. For example, dense, kin-based networks may be
a disadvantage in wage-labor households because of the costs imposed by obligations (K.
Hoff and Sen 2006; di Falco and Bulte 2011). Economists have suggested kin systems play
a role in poverty trap dynamics, where strong kin-based networks limit the incentives or
opportunities for moving into the market sector. The mechanisms of informal mutual as-
sistance that characterizes kin support networks can increase the costs to individuals and
households moving into the wage-labor economy through increased demands by less suc-
cessful kin members. These demands include monetary support, finding jobs, housing
arrangements, transportation, and other time commitments that limit the ability to con-
centrate resources necessary for upward social mobility.

Additionally, kin dense networks can limit access to novel information about wage
labor or market opportunities. More diffuse, heterogenous networks have been shown to
provide advantages in wage-labor contexts through accessing and controlling the spread
of novel information between disconnected clusters in the group (Newson and Richerson
2009; Burt 2017). Wage-labor households may benefit from cultivating unrelated, diverse
and diffuse networks that foster novel information flow from diverse connections, or may
help households realize returns to investments in education by accessing better-paying
employment opportunities (Granovetter 1983; Matthews et al. 2009; Coleman 1988). Thus,
the effects of kin support networks may hinge upon the economic activities of a house-
hold.

2.3. The Current Study

Here, we aim to address how kin support varies across households pursuing differ-
ent economic strategies in a community undergoing rapid market integration. The Maya
study population is located in a remote area of the Puuc region in the interior of the Yu-
catan Peninsula, Campeche, Mexico. The indigenous Yucatec Maya who inhabit this rural
area live in small villages of subsistence maize farmers and in a few market and adminis-
trative towns. While not isolated, these Maya live in a dispersed and underpopulated re-
gion that is ethnically, socially and economically homogeneous.
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In the early 1990s, all residents (1 = 55 households, 316 individuals) made a living as
small-scale agriculturists, the household was the unit of production, and each family grew
and hunted for its food. As in many subsistence agricultural societies, high fertility is as-
sociated with large families that pool labor (Lee and Kramer 2002; Kramer 2005). Residents
(n = 55 households, 316 individuals) lived primarily in households composed of nuclear
families (82%). Other households included widowed or elderly parents or unmarried sib-
lings. Without access to roads, vehicles, or mechanical farming equipment, there was little
incentive to grow surplus crops or means to sell them at regional markets.

In this context of nuclear and multigenerational families, the household was the unit
of production across which resources were pooled (Kramer 2002; Kramer 2005). These
cooperative groups are readily identified by the Maya and are described as those who
live, eat and work together. The composition of these households fluctuates with time, as
children are born, mature and marry, and have children of their own (Lee and Kramer
2002). When young people marry, they often live temporarily with the husband’s natal
family as they work to clear sufficient land and accumulate resources to build their own
house. Establishing an independent household may take up to 10 years. In some cases,
husbands relocate to their wives’ natal households. The majority of marriages are exoga-
mous, occurring between community members, with ~10% of men and women marrying
outside of the community.

Pooling resources and labor at the household level was essential for family survival.
Older children contributed substantially to domestic and agricultural labor, as well as
subsidizing the childcare costs of younger siblings (Kramer 2005; Kramer 2002, 2011). This
traditional household organization, and the relationship between family size, labor and
wealth, generate a context where labor allocation and economic production are seen as
the result of household-level decision-making processes, rather than individual ones
(Jessoe et al. 2018).

Rapid economic development began in the early 2000s when a paved road was built
that facilitated access to new farming methods, the transportation of crops to market, chil-
dren to schools and people to wage labor jobs. These changes expanded the ways in which
households make their living. New subsistence options include mechanized farming, craft
production, cash cropping, cultivating nut and seed crops for sale, and wage labor. Cash
is now critical to pay for seed, fertilizer, pesticides and vehicles to transport crops to mar-
ket, school fees, and to access market goods, and can be generated either through crop
sales or wage labor. Many young adults work in unskilled part-time agricultural labor in
neighboring communities or in a maquiladora several hours away. A few individuals
work skilled jobs in larger towns, returning nightly or weekly. The community is transi-
tioning from being unstratified to some families having a priority interest in access to land
and other resources. The community is also undergoing changes in family formation, with
both a decline in fertility and family size over the last 30 years, alongside an increase in
uptake of tubal ligations at younger ages and lower parities (Kramer et al. 2021).

In sum, changes to farming practices, systems of land tenure, access to technology,
cash, and wage labor have led to increasing economic and social variation. Additionally,
the decline in fertility is shifting the demographic profile of the community. This growing
diversity makes this an ideal case study to test how new economic opportunities shape
kin-based support networks. We address three primary research questions. First, how are
kin distributed in household support networks? Second, how does the role of kin in sup-
port networks vary as households become more engaged in market activities? And third,
how does variation in kin support networks impact increasing wealth disparities within
this community undergoing rapid market integration?
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3. Methods

Data were collected from 97% of community households (n = 90) in 2017 using struc-
tured and semi-structured questionnaires regarding household composition, support net-
works, income and assets, and the primary economic activity of all members of the house-
hold. With the exception of individual-level relatedness and economic activities, data col-
lection focused on the household level in order to capture whole networks and household
economic status. Additionally, resource pooling occurs within the household, so eco-
nomic variables such as income and material assets, such as vehicles, farm equipment,
and consumer goods were collected at the household level.

3.1. Economic and Network Variables

Relatedness between households. Using census and reproductive history data collected
in the community since 1992 we calculate the relatedness between all known individuals
who have ever lived in the community (N =710) using the kinship2 package in R (Sinnwell
et al. 2014). The coefficient of r is used to express genetic relatedness between two indi-
viduals as a measure of the probability that the two individuals share the same allele var-
iants. It is used to describe the degree of kinship between individuals, estimating the total
proportion of genetic material shared through common ancestry. The average relatedness
of all individuals included in the total census data was coef. r = 0.033. Considering the
cross-sectional sample of individuals living in the community in 2017 (N = 544), average
relatedness was coef.r = 0.036. The average level of kin depth, or generations per individ-
ual pedigree was 2.9 (sd = 1.5) (Table 1).

Table 1. Household-Level Variable Descriptives—Means (Std. Dev).

Subsistence Intensive
Agriculture Agriculture Mixed Wage Labor
N Households 8 31 35 16
Household Characteristics
Age of Male HH 31.4 (13.98) 50.18 (17.4) 42.74 (17.82) 38.62 (11.87)
Kin Ties 19.00 (9.4) 21.70 (6.9) 23.60 (10.4) 15.60 (5.72)
Helping Ties
Total Support Ties 5.88 (1.73) 5.7 (2.84) 4.5 (1.74) 5.6 (2.92)
R5 3.75(1.91) 3.37(1.83) 3.43 (1.65) 2.47 (1.13)
R25 0.75 (0.89) 0.87 (1.04) 0.73 (1.01) 1.00 (1.00)
R125 0.25 (0.71) 0.40 (0.81) 0.17 (0.38) 1.00 (1.31)
R0625 0.25 (0.46) 0.13 (0.43) 0.03 (0.18) 0.60 (0.83)
RO 0.88 (0.99) 0.93 (1.68) 0.13 (0.35) 0.53 (0.92)
Economic Variables
Net Income 15,950.75 13,773.97 61,685.87 74,697.87
(20578.82) (26618.49) (98,545.05) (39,037.22)
2811.73 8300.8 17,630.73
Income Per Capita
2393.01 (3793.96) (5677.53) (10,508.09) (9498.07)
Material Wealth  13,656.38 32,289.45 34,056.67 16,871.73
(11137.68) (72909.21) (82,482.91) (8351.49)

Economic variables are reported in Pesos. Kin ties refers to the total number of relationships a household has to other
households at the genetic relatedness of r > 0.25. HH refers to head of household.
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Individual-level relatedness was then aggregated at the household level. Max relat-
edness between household is the maximum relatedness of any individual in household A to
any individual in household B. Aggregating relatedness between households to the max-
imum relatedness of a given dyad in each household collapses nuanced distinctions that
could be made within the data, primarily between patrilineal, matrilineal, and affinal kin.
While these distinctions are undoubtedly important in many contexts (Lowes et al. 2020;
Power and Ready 2019), these relationships may not be clearly distinguished at the house-
hold level. For example, if the female head of household identifies her brother in another
household as a helper, for her it is a strong genetic tie, but for her husband the tie between
households is affinal. We believe maximum relatedness provided the most parsimonious
approach to testing our key hypothesis.

Household support networks. All male and female heads of household were asked
network elicitation questions regarding support received and support given to the house-
hold, including targeted questions about whom the household would (1) borrow money
(2) borrow items from, (3) ask for help in men’s work, and (4) ask for help in women’s
work (Table S1 and Figure S1 for distributions). As questions were asked of household
heads, in some rare cases, heads of household nominated another within the household
(N =93, ~16%). These within-household support ties were removed.

All support network questions were aggregated into a binary variable indicating if
any member of one household nominated any member of another household, referred to
here as support ties. This created a binary support network with all participating house-
holds within the community with a total of 437 support ties (Figure 1). From this house-
hold support network, summary measures were calculated to assess the overall support
as well as the kin composition of the support networks. Total support ties are calculated as
the degree of support ties, or the total number of households listed as giving any type of
support to the ego household.

Relatedness

00625=r
0.125=r==0.0625

= 05>r>=025

Household Strategy
@ Subsistence Agriculture
@ Intensive Agriculture
@ Mixed Economy
@

Wage Labor

Figure 1. Household support networks showing the relatedness coefficient between households
(lines), and household economic strategy (nodes).
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Total close kin support ties are calculated as the total number of support ties that are
composed of households that share a strong genetic kin relation (coef of r > 0.25). Propor-
tion of support ties composed of kin is calculated as the proportion of the total support ties
composed of households with a strong genetic relationship.

Household economic activities. Information collected in 2017 about how individuals
spend their time revealed an expanding number of different types of economic activities,
including agricultural production for subsistence or market, domestic work, craft indus-
tries, entrepreneurial activities, unskilled field wage labor and skilled wage labor. To es-
timate a households’ level of market integration we focus on the economic activities of the
adult members of the household. The primary economic activity of all adults was coded
as a combination of agricultural worker, wage-laborer, domestic worker, piece-work, or
student. Using this coding, alongside measures of household access to agricultural land,
we developed a measure of market integration. A household’s Primary Economic Strategy
was coded as (i) subsistence agriculture if the amount of land cultivated is less than 3.0 ha
(the minimum maize needed to sustain an average household of 8-10 individuals for a
year); (ii) intensified agriculture if more than 3.0 ha are under cultivation; (iii) wage labor
if the head-of-household works full-time for a salary; (iv) mixed strategy if the household
maintains an agricultural base, but one or several household members (but not the head
of household) is a full-time wage laborer. We include a sensitivity analysis of alternative
measures of economic strategy (Tables S3 and S4) using the proportion of the adults in the
household engaged in wage labor and the proportion of adults classified as agricultural
workers.

Household economic status. Household economic status was measured using in-
come and asset values (Figure 2). Total net household income and material wealth. Total net
household income was estimated using income from all sources, including wage labor, sell-
ing agricultural surplus, as well as including debts incurred from seed, pesticides, and
non-agricultural expenses. For analyses, total net household income was centered and log-
transformed. We also calculate incorme per capita, or the total net household income divided
by the total number of adults age 15 or older in the household, to account for variation in
household size. Lastly, material wealth is an asset-based measure of the total stocks of cap-
ital owned by a household. Material wealth was estimated using the sum of the total mar-
ket value of all household assets, including furniture, household items, farm equipment,
and vehicles. Three households were strong outliers in the value of their household assets
(~10x the mean household asset wealth). For our primary analyses, we coded these as
60,000p, or the next highest material wealth score in the distribution. Sensitivity analyses
show no qualitative differences in the results of modeling material wealth (Table S5 and
Figure S2).
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Figure 2. Distribution of household income and wealth variables by economic strategy.

3.2. Analyses

How kin are distributed in household support networks? To assess the amount of
the total support network that is composed of kin, we first plot the frequency of different
levels of between-household relatedness in the helping ties. We then employ a Social Re-
lations Model (SRM) for binary outcomes using different levels of relatedness to predict
the existence of a support tie between households. We further include a categorical varia-
ble for a household economic strategy to assess how the total number of support ties var-
ies across households engaged in different types of economic activities.

The application of SRM models to network data in HBE has increased over the last
decade, largely due to the interpretative advantages of decomposing directional node-
level and relational-level effects, as well as accounting for both generalized and dyadic
reciprocity (Koster and Leckie 2014; Koster et al. 2015). Node-level effects are the house-
hold characteristics, like household size and economic strategy, that capture variance in
how often a household nominates others as helpers (Sender effects), and how often a
household is nominated as a helper (Receiver effects). Relational effects are characteristics
of dyads, such as the maximum relatedness between the two households, which capture
variance in whether a tie exists between two households or not. Additionally, the SRM
accounts for the correlations between giving and receiving, and within-dyad responses.

We fit the SRM using Markov chain Monte Carlo (MCMC) employing the amen pack-
age in R (Hoff 2018, 2015). Since the data are binary, we fit the model with a probit link
function. We use a 1000-iteration burn-in with a distribution of 10,000 for the posterior
parameter estimates. Model details and diagnostic plots are included in the supplemental
materials (Figures S3-55). We include three models in these analyses. First, we fit a model
accounting for Relational effects, or the relatedness between households. We then include
household characteristics as Sender effects, to assess how household economic strategy
affects the household propensity for nominating helpers. Finally, we include household
characteristics to assess both household likelihood of nominating helpers (Sender effects)
and household propensity for being nominated as a helper (Receiver effects).
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How does the number of kin in support networks vary as households become more
engaged in market activities? To assess how the amount of kin in support networks var-
ies as households engage in different economic strategies, we first compare the mean
number of kin ties and the proportion of support ties composed of kin across different
economic strategies. We use the non-parametric Kruskal-Wallis tests for global compari-
son, and the Dunn’s test with a Bonferroni alpha correction to account for multiple tests.

We then use regression analyses to assess if a household’s economic strategy predicts
the total number of kin support and the proportion of helping ties composed of kin. For
the total number of kin support ties, we use a Poisson regression model. However due to
the under-dispersion of the count data (Figure S3), we use a Conway—Maxwell Poisson
model, fit using the package COMPoisson in R (Sellers and Shmueli 2010). The Conway—
Maxwell Poisson provides more accurate standard error estimates for under-dispersed
Poisson count data (Shmueli et al. 2005).

To model the proportion of support ties composed of kin, we employ a zero-one-
inflated beta model. While beta-regression models are commonly used for closed-interval,
proportion data, one inflated model can account for the non-negligible amount of 1’s pre-
sent in our data (Figure S3) (Ospina and Ferrari 2010, 2012).

For both models, we include the categorical variable indicating household economic
strategy. Both models control for the total number of helping ties. Because kin nomina-
tions by a household may be constrained by the availability of kin, we include a variable
for the total number of strong kin ties (r > 0.25) in the community. To assess whether the
effect of kin availability varies by economic strategy, we include an interaction term for
economic strategy and the total number of kin ties in the community.

How variation in kin support networks are associated with increasing income dis-
parities? To assess how kin support is associated with economic outcomes, we employ
OLS regression with the total number of kin ties and proportion of kin in support net-
works predicting household income and asset-based wealth. We include household eco-
nomic diversity and age of male head of household as control variables. To assess how
the effects of kin support on income might vary across economic strategies, we test the
interactions between household economic strategy and the total number of kin support
ties and proportion of kin support ties in the regressions.

4. Results

How kin are distributed in household support networks? Support ties between households
are composed primarily of households with at least one strong genetic tie (Figure 3). On
average, households nominated six other households for support, with nearly two-thirds
(65%) of nominations composed of households with at least one strong genetic relation-
ship (Coef. r > 0.5). Additionally, regression estimates show strong relatedness signifi-
cantly predicts a support tie between two households (Table 2).
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Table 2. Social Relations Model Results.
Dyad Only Dyad + Sender Dyad + Sender + Receiver
Coef StdDev p-Value Coef StdDev p-Value Coef StdDev p-Value
Intercept  -2.19 0.09 0.00 -2.09 0.14 000 -223 0.20 0.00
Relational Effects
R5 2.16 0.10 0.00 2.21 0.10 0.00 2.21 0.10 0.00
R25 0.59 0.11 0.00 0.61 0.10 0.00 0.61 0.11 0.00
R125 0.04 0.12 0.72 0.03 0.11 0.79 0.04 0.11 0.71
R0625 -0.24 0.14 0.08 —0.28 0.13 004 -0.25 0.14 0.07
RO * - - - - - - - - -
Sender Effects
Household Size -0.07 0.02 0.00 -0.06 0.02 0.01
Wage Labor 0.33 0.13 0.01 0.33 0.13 0.01
Subsistence 0.23 0.15 0.13 0.24 0.15 0.12
Intensive 0.17 0.10 0.09 0.19 0.10 0.06
Mixed * - - - - - -

Receiver Effects
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Household Size 0.02 0.02 0.34

Wage Labor -0.03 0.13 0.84

Subsistence 0.01 0.15 0.96

Intensive 0.09 0.09 0.32

Mixed * - - -
Variance Mean Std Dev Mean  Std Dev Mean Std Dev

Sender Variance 0.08 0.02 0.07 0.02 0.06 0.02
Sender-Receiver Covariance 0.00 0.01 0.01 0.01 0.01 0.01
Receiver Variance 0.05 0.01 0.05 0.01 0.05 0.02
Dyadic Correlation 0.67 0.04 0.68 0.04 0.67 0.05

* Reference Category. Model diagnostic plots and descriptions are presented in the Supplemental Materials. Bold values
indicate significant effects. Coefficents reflect the mean of the posterior estimates, and should be interpreted as probit

model coefficients.

The SRM models highlight the importance of relatedness between households, rep-
resented by the dyadic effects. Relatedness at the level of r = 0.5 and r > 0.25 positively
predicts the existence of support ties in all models. Interestingly, low levels of relatedness
between households, r > 0.625 to r < 0.125, held a negative association with helping ties.
That is, households with very low levels of relatedness were less likely to share a helping
tie compared to households that were completely unrelated.

In the models that account for sender effects, the household economic strategy had
significant effects on the existence of a helping tie. Compared to mixed-economy house-
holds, wage-labor and agricultural households had higher numbers of support ties,
though the effects were only significant for wage-labor and intensive agricultural house-
holds (in the full models). Accounting for receiver effects showed that household eco-
nomic strategy had no effect on the number of times a household was nominated as a
helper. Additionally, household size had a negative sender effect, indicating that larger
households were nominated fewer households than smaller households. However,
household size had no significant receiver effects, indicating that larger households were
not more likely to be nominated as helpers compared to smaller households.

How does the number of kin in support networks vary as households become more engaged in
market activities? Non-Parametric mean comparison tests show significant differences in
the proportion of kin ties across economic strategy (Figure 4). Dunn’s pairwise tests show
that mixed economy households have a significantly higher proportion of strongly related
kin in support networks compared to wage-labor households (Figure 4, Table 52). While
mixed economy households are less likely to have a support tie in general (Tables 1 and
2), but of the ties that exist, they are primarily composed of strongly related households.
When controlling for the total number of ties, mixed economy households have both sig-
nificantly higher numbers of kin support ties compared to wage-labor households, and
significantly larger proportions of support ties composed of kin compared to wage-labor
households (Table 3). There were no significant differences between mixed economy
households and both types of agricultural households. Perhaps unsurprisingly; for both
models, the total number of helping ties and the total number of kin ties in the community
had positive effects on the number of kin support ties a household reported and the pro-
portion of helping ties composed of kin. In the one-inflated beta regression, the total num-
ber of helping ties and the total number of kin ties had an effect on the probability of listing
all kin in the support network, while economic strategy held no significant effects.
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Proportion of Help Ties that are Strong Kin (Coef r.>=0.25)

0.91

0.61

0.31

0.01

Kruskal-Wallis, ;{2(3) =14.09,p =0.0028, n =90

0.003

Subsistence Agriculture

Intensifive Agriculture

Mixed

Household Economic Strategy

Wage Labor

pwc: Dunn test; p.adjust: Bonferroni

Figure 4. Proportion of support ties composed of kin stratified by household economic strategy.

Additionally, the interactions between the total number of kin ties in the community
and household economic strategy were insignificant. This suggests that kin availability
plays little role in the differences in kin support across households with different eco-
nomic strategies.Furthermore, supplemental analyses show the proportion of household
workers identified as agricultural workers is positively associated with total kin ties as

well as the proportion of kin ties in support networks (Table S3).

Table 3. Regression Models of Kin Support Ties.

Total Number of Kin Ties Proportion of Ties Composed of Kin
Mu ( Excluding 1’s) Nu (Probability of 1)
Estimate SE p-Value Estimate SE p-Value  Estimate SE p-Value

Intercept 1.760 0.437 0.000 0.867 0.415 0.042 0.787 1.310 0.551
Wage Labor -0.526 0.273 0.054 -0.772 0.317 0.018 -1.616 0.991 0.109
Intensive Agriculture -0.284 0.198 0.152 -0.444 0.303 0.149 -0.802 0.732 0.278
Subsistence Agriculture ~ -0.079 0.283 0.781 0.030 0.403 0.940 -2.095 1.262 0.103
Mixed Economy * - - - - - - - - -
Total Helping Ties 0.237 0.047 0.000 -0.085 0.040 0.037 -0.398 0.186 0.037
Total Kin Ties 0.024 0.010 0.019 0.044 0.019 0.021 0.095 0.044 0.036
AIC 298.814 413

* Both models set mixed economy households as the reference category. Total number of kin ties was modelled using the
Conway-Maxwell Poisson Distribution. Proportion of ties composed of kin was modelled using a one-inflated beta distri-
bution. This mixture model is composed of two sub-models. Mu models the beta distribution (0-1) excluding the excess
1’s. Nu models the probability the response variable being a 1.
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How variation in kin support networks are associated with increasing income disparities?
The proportion of support ties composed of kin is associated with both lower log income
and lower-income per capita (Table 4, Figure 5). Both mixed economy and wage labor
households have higher overall incomes compared to agricultural households. However,
neither proportion of kin ties nor household economic strategy was associated with in-
creased asset-based wealth. The interaction between kin support and household economic
strategy was not significant, indicating the negative association between kin support and
income did not vary across the economic strategy. In our supplemental analyses, we find
the proportion of adults identified as wage labor is positively associated with income
measures, whereas the proportion of adults identified as agricultural workers was nega-
tively associated with income measures. Finally, using these alternative measures of eco-
nomic strategy, results still show a negative effect of the proportion of kin help on income
measures (Table S4).

Table 4. OLS Regression Models Predicting Household Economic Status.

Log Income Income Per Capita Asset Based Wealth
Beta 95% CI Beta 95% CI Beta 95% CI
Economic Diversity 0.15* (-0.002, 0.31) 2569.40 ** (317.93, 4820.88) 20,792.16 ** (1797.63, 39,786.69)
Age of Male Head -0.005  (-0.01, 0.003) -100.79 (—220.54, 18.96) -871.46 * (-1880.07, 137.14)
Intensive Agriculture 0.15 (-0.30, 0.59) 3427.89 (=3038.15, 9893.93) 41,430.75 (-13,143.01, 96,004.51)
Mixed Economy 041* (-0.05, 0.88) 6967.95 ** (140.72, 13,795.18) 2573.35 (-54,921.86, 60,068.57)
Wage Labor 0.76 *** (0.27,1.25) 12,482.24 *** (5332.13, 19,632.36) -13,539.09  (-73,715.36, 46,637.19)
Proportion of Kin Help  -0.85**  (-1.47,-0.22) -10,025.77 ** (-19,163.28, -888.26) 25,073.48  (-52,604.86, 102,751.80)
Total Help Ties 0.03 (-0.03, 0.08) 729.34 % (=79.76, 1538.45) -2750.84 (-9596.07, 4094.39)
—_ (-10,525.36,
Intercept 9.29 (8.49, 10.10) 1187.78 12,900.93) -20,512.21  (-120,255.80, 79,231.35)
Observations 82 82 81
R? 041 0.44 0.12
Adjusted R? 0.35 0.38 0.04
Residual Std. Error 0.53 (df = 74) 7736.93 (df = 74) 65,111.41 (df = 73)

F Statistic

7.26 ** (df =7, 74) 8.23 *** (df =7, 74)

1.46 (df=7; 73)

Note: * p, ** p, *** p < 0.01. Subsistence agriculture households were set as the reference category.
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Figure 5. Marginal effects plots of Proportion of Kin Ties (Left) and Total Helping Ties
(Right) on economic outcome variables. Marginal effects are calculated by holding con-
stant all other variables in the model. Economic Diversity = 3.38, Age of Male HH = 44.15,
Subsistence Agriculture =1, Total Helping Ties = 5.41, and Proportion of Kin Help = 0.81.

5. Discussion

The results suggest that despite increasing market integration, between-household
support networks are centered primarily around strong kin-based ties. However, we do
find variation in kin support across different types of economic strategies. Mixed economy
households tend to have fewer total supporting ties, yet their support networks are com-
posed of significantly more kin relationships. By contrast, wage-labor households tend to
have significantly fewer kin in their household support networks compared to mixed-
economy households. This finding appears consistent with patterns observed in other
populations undergoing market transitions, where increasing market integration is asso-
ciated with lower kin density in networks (Colleran 2020). However, the greater reliance
on kin support in mixed economy households is an interesting counterpoint to the narra-
tive of a linear decline in kin density (Baggio et al. 2016; Burnsilver et al. 2017; Ready and
Power 2018). As mixed economy households diversify economic production, taking up
new wage-labor opportunities in addition to intensifying traditional economic produc-
tion, reliance on kin support may remain a stable strategy for mitigating risk in the face of
economic uncertainty (Baggio et al. 2016; Burnsilver et al. 2017; Ready and Power 2018.

Additionally, reliance on kin in household support networks is associated with lower
overall income and income per capita for all economic strategies. The HBE framework
suggests two potential explanations for this association, both emphasizing the costs and
benefits of kin support (Gurven et al. 2015). One explanation is that better-off households
are less likely to need kin support given their greater economic liquidity regardless of
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their economic strategy. Accordingly, households with more income benefit less from kin
support, either because of the costs to accrue kin obligations or because reliance on cash
is a better means to deal with fluctuations in resource flows. An alternative explanation is
that kin support may be ultimately costly, whereby households who rely too heavily on
kin may face the economic consequences of returning support for closely related house-
holds. The causal question still remains; do low-income households need kin support, or
does kin support prevent the accumulation of more income? Our cross-sectional analyses
are not suited to determine the direction of causation; however, we provide a baseline for
future longitudinal analyses. Follow up-network studies could identify the role of net-
work position in shaping future economic outcomes for households, including how and
why households might adopt new activities.

Interestingly, our results highlight an important distinction in how household eco-
nomic success is measured (Kaiser et al. 2017). Here we found significant effects of net-
work composition on household income measures, but not material wealth measures. In-
come reflects the flow of resources through a household and in many low- and middle-
income contexts may be highly variable. Material assets, or stocks of wealth, are much
more stable temporally and can reflect the long-run economic capacity of a household.
Our results suggest that network effects may have a short-term temporal impact on house-
hold economics. Rather than influencing a households’ stocks of wealth, one might argue
that the effects of kin support networks on household economic status may play out on a
short-term temporal scale, influencing the variable flows of resources a household has
access to.

Our network approach emphasizes ties between households. A key limitation of this
approach is that with market integration, individual and household economic interests
may increasingly diverge. As new market opportunities arise, individuals may wish to
diversify their networks beyond familial ties, in ways that may conflict with the interests
of the household and thus are not captured in the aggregate household networks. While
some research suggests household-level networks accurately approximate individual net-
works in subsistence populations (Koster 2018), an important question remains whether
this holds true as household increasingly diversify their economic strategies. One might
expect as households become more involved in the wage-labor economy; individual net-
works may increasingly diverge from household-level aggregates.

Another important limitation of our approach is how we measure relatedness be-
tween households. We chose to use the maximum relatedness between households as our
key relational variable. However, households can be related in a number of different
ways. Marriage ties between households may prove to provide an important means of
extending kinship ties between households. Furthermore, relatedness through patrilines
or matrilines may provide distinct or diverging advantages or disadvantages depending
on the cultural contexts. However, one of the defining characteristics in human support
networks is the flexible means by which kin are identified, and accessed through residence
patterns, often in ways that maximize the number of support ties available to individuals
and households (Power and Ready 2019; Hill et al. 2011; Kramer and Greaves 2011). One
important question remains how different types of household relatedness ties may gain
or lose prominence in support networks over the course of market integration.

These analyses offer a glimpse at how networks of kin support are changing in the
contexts of increasing economic diversity in a population undergoing rapid economic de-
velopment and market integration. Household commitment to solely wage labor appears
to lessen the need for reliance on kin support, while economic diversification appears to
increase the number of kin in support networks, though potentially decreasing the size of
the overall support networks. Both economic strategies are novel in the community, as the
opportunities for consistent wage-labor employment are relatively new. How and why a
household might diversify economic production or intensify commitment to a single strat-
egy, such as wage labor or agricultural production, is an important open question. Mixed
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economic strategies may serve as a safe means of entering the market economy, by main-
taining traditional economic production and social support to combat the risk and uncer-
tainty of precarious wage-labor positions (Eakin 2005).

Mixed economies are an opportunity to examine the wide range of social, economic,
and demographic changes associated with market integration. The combination of tradi-
tional and novel, market-oriented economic opportunities means that social relationships
may not only strengthen in importance for mitigating risks, but may also take on new
functional significance. The importance of kin in support networks may also shift with
changing demographics and reproductive dynamics. While fertility is declining in this
community, and thus the future availability of both ascendant and collateral kin to recruit
for support, households engaged in mixed economic strategies may benefit from balanc-
ing fertility with the need for enough productive adults to sufficiently diversify economic
activities. The household’s capacity to both intensify agricultural production and engage
in wage-labor opportunities may crucially depend on the availability of not just the sup-
port of related households but the reproductive decisions required to produce relatives.

6. Conclusions

HBE approaches to the family in contemporary populations have focused on the
costs and benefits of kin support in diverse socioecological settings. In the contexts of mar-
ket integration and economic development, HBE approaches have mirrored approaches
in economics regarding the duel-edged sword of strong kinship networks. Here, we show
that kinship ties strongly structure support networks despite market integration and eco-
nomic development. Furthermore, a household’s economic strategy predicts the kin com-
position of support networks, with mixed-economy households relying more on kin than
wage-labor households. Lastly, kin support is associated with lower overall incomes and
income per capita, regardless of economic strategy. Taken together, kin support remains
an important strategy to mitigate risk in this community, even in the face of greater op-
portunities for engagement in wage labor and with increasing economic inequality.

Supplementary Materials: The following are available online at www.mdpi.com/arti-
cle/10.3390/s0csci10060216/s1, Table S1: Distribution of Kin Ties in Household Support Networks,
Table S2: Dunn’s Mean Comparison Tests of Average Proportion of Kin in Support Networks by
Economic Strategy, Table S3: OLS Regression of Total Number of Kin Ties and Proportion of Kin
Ties in Support Networks, Table S4: OLS Regression Predicting Household Economic Status, Table
S5: Material wealth with uncoded outliers, Figure S1: Distribution of Kin in support networks by
support type, Figure S2: Economic outcomes with un-recoded material wealth distributions, Figure
S3: Distribution of proportion of kin help and total kin support ties, Figure S4: SRM Diagnostic Plots
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