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Abstract 

Social relationships facilitate resource transfers and allow humans additional 

flexibility in their energy budgets that personal energy budgets do not; thus, social 

relationships are an integral part of human response to varying ecologies. Where 

labour is an important predictor of subsistence output, mothers who have many 

simultaneously dependent children can experience a reduction in foraging 

efficiency; thus, subsidies from allocarers can offset this reduction and improve 

children’s survival and growth. In Timor-Leste, children’s growth is well below 

international standards, but longitudinal study indicates that few characteristics of 

household ecology influence children’s growth. Household social networks may 

capture resources beyond the household-level that children can access, and 

variations in social networks may explain variation in children’s growth. This 

thesis is structured in two sections. In Section 1, I characterise sharing strategies in 

the context of evolutionary and ecological explanations of cooperation in two rural 

Timorese communities (Natarbora and Ossu). In Section 2, I examine the 

contribution of household social networks to explanations of variation in child 

growth (in addition to household livelihoods and family structure) in each 

community. The study population consists of ~100 households in each of two 

ecologically distinct subdistricts in rural Timor-Leste. 

 

To characterize sharing strategies in Section 1, households (n = 196) were 

interviewed for their personal social networks occurring in the preceding month to 

capture household social networks across 10 unique resource types in two 

agricultural seasons and resulting in 1, 438 transfer events. Household 

connections’ (alter) characteristics were analysed using a categorical principal 

component analysis (CATPCA) to construct sharing strategies. I link resource types 

to sharing strategies in each community using linear mixed models to account for 

clustering of transfers within households. In both Natarbora and Ossu, kinship 

(strategy 1) explains the highest proportion of sharing valuable resources such as 
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money and child care in both communities. Additionally, MDG receivers in 

Natarbora (strategy 3) and Kai uai hoo households in Ossu (strategy 2) are 

associated with sharing land/land access but not money with resource sharing in 

these sub-communities based on need. Communities also exhibit locally nuanced 

sharing strategies. Expected reciprocity and propinquity (strategy 2) explain a 

substantial percentage of sharing variation in food and labour in Natarbora, while 

in Ossu, reciprocity drops out of the sharing strategies model and male sharing 

networks (strategy 3) are associated with land/land access and labour possibly 

due to the patrilineal organization of Ossu. 

 

To examine the contribution of household social networks to explanations of 

variation in child growth in Section 2, household children were measured in at 

least one season (2016 or 2017) resulting in 658 child measurements in 2016 and 

307 Natarbora and 610 Ossu child measurements in 2017 with 492 measured in 

both years. Households were interviewed for their demographic and economic 

structure. There is more cooperation in matrilineal Natarbora than in patrilineal 

Ossu. The effect of social networks on children’s growth varies across communities 

with social networks contributing to children’s growth in Natarbora but not in 

Ossu after children’s, mother’s and household’s characteristics are controlled for. 

Although social networks do not appear to buffer children from seasonal resource 

scarcity, equal community-level giving and receiving in the post-rainy season may 

reduce variation in network variables that collectively account for giving and 

receiving. More sharing in the post-rainy season than the post-harvest season in 

both communities strongly suggests that households are using their social 

networks to reduce seasonal fluctuations in resources. Cooperation in Natarbora 

appears to follow a generalised pattern and may encourage community resilience 

by creating a community-level network of potential helpers that households can 

access to buffer themselves from environmental and economic shocks. 
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Introduction 

Children are embedded in households which are embedded in communities. We 

would expect parents’ social networks to be predictive of childhood survivorship 

and nutritional status in societies where individuals cooperate (Meehan et al., 

2014). Cross-culturally, allocarers such as maternal grandmothers (Hawkes et al., 

1997; Sear et al., 2002; Gibson & Mace, 2005; Sear & Mace, 2008) and siblings 

(Kramer & Boone, 2002; Kramer, 2011) are the most consistent allocarers – but 

unrelated allocarers can contribute substantially to child care such as among the 

Hadza (Crittenden & Marlowe, 2008), the Efe (Ivey, 2000) and the Aka (Meehan et 

al., 2014). Some studies simultaneously investigate the role of more than one 

allocarer on children’s survival (Sear et al., 2002; Hadley, 2004; Gibson & Mace, 

2005; Sear, 2008) and/or growth (Sear et al., 2000; Hadley, 2004; Gibson & Mace, 

2005) but do not consider allocarers beyond immediate kin. Other studies consider 

the influence of extended (beyond kin) social networks on children’s survival 

(Adams et al., 2002) and growth (Moestue et al., 2007; Meehan et al., 2014) but 

often measure networks of potential rather than actual allocarers. Together these 

observations indicate that both kin and non-kin are involved in children’s survival 

and growth; however, not considering allocarers beyond kin and considering only 

potential rather than actual allocarers results in ambiguity in the mechanisms 

through which social networks impact children’s growth.  

 

Poor child growth is a major global health issue (UNICEF et al., 2019). In 2016, 

46% of East Timorese children under age 5 years were stunted1 and 24% were 

wasted2 (General Directorate of Statistics et al., 2018b). In rural Timorese 

communities of Natarbora and Ossu, child growth is similarly well below 

international standards (Thu & Judge, 2017; Spencer et al., 2018b); however, 

 
1 height-for-age more than two standard deviations below WHO international standards  
2 weight-for-height similarly below standards 
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longitudinal exploration into the influences on rural Timorese children’s growth 

show that household resources such as livestock and crop indices independently 

predict little of the variation in children’s growth (Spencer et al., 2017; Thu & 

Judge, 2017). Groups of household characteristics are more explanatory (Spencer 

et al., 2018b); for example, households with a salary have more appliances, a more 

varied diet and better child growth than households with a pension or a purely 

agricultural livelihood strategy (Spencer et al., 2018b). Contrary to expectations of 

foster parents discriminating against foster children in favour of biological 

children (Silk, 1980), Timorese foster children do not suffer a growth penalty;  

biological children in fostering households grow better than biological children in 

non-fostering households (Judge et al., 2012; Reghupathy et al., 2012) indicating 

that children may move into households with more resources. This would suggest 

that higher resources levels would be positively related to growth; however, 

resource indices are still not strongly related to growth. These results suggest that 

the household is not an adequate unit for sampling resources available to children 

for growth. Social relationships of giving and receiving are a common Timorese 

coping strategy during seasonal food shortages (da Costa et al., 2013; Erskine et al., 

2015), and resources accessed through sharing are not counted in household data 

from previous work; therefore, sharing networks may help explain variation in 

Timorese children’s growth.  

 

Cooperation, measured “interactions” or “sharing events”, is a form of social 

network data (Nolin, 2010). Social network analysis is a holistic framework used to 

analyse individuals’ characteristics and behaviour within their population 

structure and function (Hasenjager & Dugatkin, 2015) by graphically representing 

a population as a collection of nodes/actors (individuals) connected by 

interactions (edges/ties) (Croft et al., 2008). Edges can represent degrees and 

strengths of interactions, and the addition of node attributes accounts for 

individual characteristics which may influence or be influenced by network 

patterns and structure (Croft et al., 2008). Descriptive characteristics such as node 
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degree (the number of ties a node has) and node density (the number of ties 

among the nodes with a connection to a specified focal node) can be extracted from 

network construction and modelled against dependent variables (such as number 

of children in the household or growth).  

 

Social network analysis has a long history in several other disciplines including 

sociology, psychology, business, mathematics and public health (Luke & Harris, 

2007). In sociology, social networks were first conceived of as communities and 

much research centred around individuals perceptions of their community 

(Wellman, 1979; Fischer, 1982) and personal perceived networks of individuals 

within their communities (Burt, 1984). In psychology, social network analysis has 

its roots in social support theory which captures the individual’s perception of 

having individuals to receive help from should it be needed (Sarason et al., 1990). 

Perceived social support or social connectedness is linked to parental affection 

(Sarason et al., 1986), social perception of leadership competence (Sarason et al., 

1986) and perceived health (Burke & Weir, 1978; Seeman et al., 1985; Antonucci & 

Akiyama, 1987). Additionally, men and women differ in their perceived quality and 

quantity of social support (Sarason et al., 1986; Antonucci & Akiyama, 1987; Kim, 

2001). More recent methods of social network analysis have been used in public 

health to model the spread of HIV among sexual partners (Morris & Kretzschmar, 

1995; Potterat et al., 2002) and drug users (Young et al., 2013; Young et al., 2014). 

The current study is novel because it takes a behavioural ecology approach and 

aims to record flows of material resources to characterise patterns of social 

network formation and link these social networks to physical measures of 

children’s growth.  

 

This study aims to characterise the social networks between households in two 

socio-ecologically different rural Timorese communities using one month recall of 

transfers into and out of households across 10 different resource types to 1) 
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ascertain the organising principles of these social network relations and 2) 

determine how networks contribute to variation in children’s growth beyond 

variations explained by household characteristics. This study builds on a 

longitudinal project that follows over 200 households investigating the influences 

of household and family ecology on Timorese child growth. 
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 Thesis aims and structure. 

This thesis examines variation in resource sharing through social networks in rural 

Timor-Leste and how variation in sharing networks contributes to variation in 

child growth. Work from this thesis builds on an existing study design and 

database established by Judge, Sanders, and Schmitt in 2009. I collected all data 

used in this thesis from households already recruited to the longitudinal study.  

This thesis has two major aims: 

1. To characterise the social networks in rural Timor-Leste in two socio-

ecologically diverse communities (mountainous Ossu and coastal 

Natarbora). 

2. To determine the influence of social networks on growth in rural Timor-

Leste children: 

a. across post-harvest (resource rich) and post-rainy (resource scarce) 

seasons; and 

b. across two socio-ecologically diverse communities. 

 

In the following section (Context of Timor-Leste), I discuss the livelihood context of 

Timor-Leste families and introduce the two rural study sites. Subsequently, this 

thesis is arranged into two major sections (one for each aim). Each section includes 

a review of the literature followed by specific methods relevant to the aims of that 

section, results and lastly, discussion comparing the two communities in the 

context of the relevant literature. Section 1 characterises social networks in the 

two communities and identifies how resources move through each community’s 

household’s social networks (Aim 1) and uses household social network data from 

2016 (post-harvest season) and 2017 (post-rainy season). In Section 1, 

households’ social interactions with institutions and/or groups are excluded – that 

is, only informal social networks are considered. Section 2 examines the 

contribution of social networks in explaining variation in child growth beyond 
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household characteristics (Aim2) and uses data from both 2016 (post-harvest) and 

2017 (post-rainy) analysed separately. This section includes households’ social 

interactions with institutions and/or groups as well as those with other individuals 

within the community. Additionally, I analyse the influence of social networks on 

changes in children’s growth over the rainy season. For this analysis, I only include 

children who were measured in both years of data collection. The General 

Discussion of this thesis integrates the findings of each section and explores human 

social networks in the context of the evolution of cooperation, matrilateral vs. 

patrilateral kin cooperation, and community resilience. 
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Context of Timor-Leste 

Timor-Leste is the sixth least developed country in Asia and Oceania (Andersen et 

al., 2013) and 42% of the population live on less than US$1.54 a day (World Food 

Program, 2016). Rainfall-dependent horticulture and smallholder agriculture are 

the main livelihood strategies for the Timorese population, 70% of whom reside in 

the rural areas of the country. In addition to insufficient land (usually 1-2 hectares) 

to ensure household food security (da Costa et al., 2013), households experience 

seasonal food shortages during the extended rains between planting and first 

harvest (Lopes & Nesbitt, 2012; da Costa et al., 2013). Domestic agricultural 

production is also hindered by poor soil fertility (particularly in uplands), water 

insecurity and inadequate crop and seed storage methods (da Costa et al., 2013). 

Thus, Timor-Leste is food insecure and a net importer of basic food stuffs 

(Andersen et al., 2013; da Costa et al., 2013).  

 

Subsistence is predominantly plant-based and the typical rural Timorese 

household has a small food garden (kintal) around its residence and a larger 

intercropped vegetable garden (to’os) and/or rice paddy (natar) at a further 

distance from their households (Thu & Judge, 2017). Some households own a 

plantation (ai hahoris) of fruits, cash crops and/or timber crops (Thu & Judge, 

2017). Seasonal variation in household food availability and consumption follows 

the agricultural calendar and food is scarce when crops are growing but are not yet 

ready for harvest (Lopes & Nesbitt, 2012); October to April in the south and 

November to March in the north (Seeds of Life, 2006). Households cope with this 

latter period in a variety of ways including skipping meals, consuming seed stocks, 

selling livestock, foraging for wild foods, borrowing money, and taking food loans, 

and relying on kin and wider social networks for support (da Costa et al., 2013; 

Erskine et al., 2015). In rural communities of Timor-Leste such as Natarbora and 

Ossu, children lose weight over this resource scarce season (Spencer et al., 2017). 

Animal protein is very limited in the rural Timorese diet because animals are 
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raised predominantly for the purpose of ritual exchange and household savings 

(AMSAT International, 2011).  

 

Some rural households have access to cash income through salaried work, small 

business, wage labour and/or government pensions (Spencer et al., 2018b). 

Additionally, households can participate in rural agricultural commercialisation 

and sell their agricultural produce at the local or nearby subdistrict or district 

marketplace; however, access to markets in rural areas is often limited due to poor 

road infrastructure (Andersen et al., 2013; Thu & Judge, 2017).  

 

Timorese households have a mean size of 5.3 people with rural households (6.0 

people) averaging slightly larger than urban households (5.0) (General Directorate 

of Statistics et al., 2018b). In 2016, total fertility rate (TFR) was 4.2 children per 

woman, a decline from 5.7 children per woman in 2010 (General Directorate of 

Statistics et al., 2018b). Higher TFR in rural areas (4.6) compared to urban areas 

(3.5) account for some variation between urban and rural household sizes. 

Fostering is common; 21.9% of households foster children (General Directorate of 

Statistics et al., 2018b) and 10% of children under 18 years are not living with a 

biological parent (General Directorate of Statistics et al., 2018b). Households are 

more likely to foster in children if they are wealthy and children are more likely to 

be fostered out if their natal households are poorer (General Directorate of 

Statistics et al., 2018b).  
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Research sites and study participants 

This study continues a longitudinal study investigating the influence of household 

and family ecology on child growth in rural Timor-Leste managed by the Judge 

Biological Anthropology Lab in the School of Human Sciences at the University of 

Western Australia. This study was approved by the University of Western Australia 

Human Research Ethics Committee (Appendix A) and the Timor-Leste Ministry of 

Health (Appendix B) and includes two rural Timorese communities, Natarbora and 

Ossu.  

 

Natarbora (a subdistrict of the Manatuto municipality) is located 5-50m above sea 

level on the flat coastal plain of Timor-Leste’s south and Ossu (a subdistrict of the 

Viqueque municipality) is located 600-1000m above sea level in the mountainous 

central-east area (Figure 1). Households in Natarbora (Appendix C) and Ossu 

(Appendix D) are spread across 4 different sub-communities. In Natarbora: 

Umaboku (location of the clinic, the market, the church, a Catholic infant school, 2 

primary and 2 middle high schools, and a public Agricultural College), Abatoan 

(location of a government primary and middle school), Ai Teka Laran (no 

amenities) and the Millennium Development Goals (MDG) village of prefabricated 

houses initially populated in 2014 (no functional amenities). Some families in the 

MDG are derived from participating households in Umaboku; in these cases, 

households were coded as being located where they were interviewed. In Ossu: 

Ossu (the location of the church, the market, the clinic, 2 primary/middle high 

schools and 2 senior high schools), Uaibua (location of schools), Liamida (no 

amenities) and Kai-uai-hoo (location of a market and a primary/middle high 

school). 
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Figure 1. Administrative map of Timor-Leste showing district borders. Natarbora in the dashed 
rectangle and Ossu in the solid rectangle. 

 

Households’ recruitment began in 2009 (Ossu) and in 2012 (Natarbora) for a 

longitudinal study of the influence of household and family ecology on child 

growth, with additional households recruited in each subsequent data collection 

period. Households were originally recruited using a snowball sampling method 

based on nearest neighbour with the only requirements being that households 

have at least 1 resident child ≤ 19 years old and be willing to participate 

(Reghupathy et al., 2012; Spencer et al., 2017). For this study, all participating 

households were visited in September – November 2016 and April – June 2017 (n 

= 202). Households in this sample represent 8.6% of all households in the Ossu de 

Cima region (Ministry of Finance [Timor-Leste], 2010) and 22.3% of all households 

in the Natarbora region (Ministry of Finance [Timor-Leste], 2010). 

 

The study sites differ ethno-linguistically. In Natarbora, householders are 

predominantly Tetun-terik speakers and social affiliation is traced predominantly 

through the maternal line (Thu & Judge, 2017). Traditional languages in Ossu are 

Makassae and Kai Rui and family affiliation is based on paternal descent with sons 

inheriting land and property (Thu & Judge, 2017). Additional differences in 

economic and agro-ecological conditions between Ossu and Natarbora are detailed 

in Thu and Judge (2017) and summarised in Table 1 
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Table 1. Summary of study locales from previous research completed in Natarbora and Ossu, Timor-
Leste.  

 Natarbora Ossu 

Social structures a 

Land inherited/access a 

Matrilineal 

Egalitarian across sexes 

Patrilineal 

Sons through paternal descent 

Agricultural calendar a 

Crops/year 

Crop types/harvest a, b 

 

2  

Apr-Jul: maize, peanuts, cassava, and 

bananas  

Aug-Nov: maize, peanuts, cassava, 

rice, sweet potato, and mung bean 

 

1  

Mar-Apr: maize and peanuts 

 

Jul-Nov: sweet potato, cassava, beans, 

rice, and arrow root 

Agricultural types a 

Rice paddy 

Garden 

Plantation 

 

31.5% 

72.5% 

58.2% 

 

31.4% 

68.6% 

12.6% 

Mean household size a 

Adults 

Children 

 

3.3 

3.7 

 

2.5 

4.2 

Water access a  Handpumps/wells to ground water. 

 

Year-round access 

Pumped from local dam (Ossu villa) 

or natural springs (other aldeias) 

Walk to fetch during dry season  

Cash income a 

Salary 

Wage labour 

Trading 

 

31.8% 

16.3% 

15.45 

 

21.6% 

18.9% 

35.1% 

Livestock a 

Buffalo/cows 

Pigs 

Chickens  

 

57.8% 

63.9% 

92.6% 

 

36.7% 

63.3% 

67.3% 

Local fishing c Yes No. 

Infant mortality (q0-1) e 35.6d 117.8e 

Child mortality (q1-4) e 13.6d 80.0e 

a (Thu & Judge, 2017) 

b bold crops are harvested twice per year in Natarbora (Thu & Judge, 2017).  

c (Sumich, pers. obs.) 

d (Sumich, unpublished data from 2015) 

e (Sumich, 2015) 
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Fostering is common in both Ossu and Natarbora . In any one year, between 30-

50% of households engage in foster care and 12-20% of children are not living 

with a biological parent (Judge et al., 2015b). Fostering is defined as a child 

residing in the focus household or being sent to another household that did not 

include either biological parent. To be fostered, a child was eating and sleeping in a 

fostering household such that the fostering household is their primary residence. 

This includes some children were fostered in order to be closer to school and only 

return to their natal family during holidays. This distinguishes fostering from 

childcare, which was described as watching a child or ‘babysitting’ and included a 

distinct intention for the child to be returned to their parents in a short span of 

time. Childcare events ranged between an hour to a week in duration. Fostering 

durations can vary from several months to indefinitely. Despite differences in 

social organisation and land inheritance, both Ossu and Natarbora children are 

more likely to be sent to their mother’s family and are more likely to be biologically 

related to the women in the receiving household (Judge et al., 2015a).  

 

In Natarbora, both male and female children are equally likely to be fostered 

(Judge et al., 2015b) and neither household fostering status nor child fostering 

status is correlated with child growth (Spencer et al., 2017). In contrast, in Ossu a 

greater proportion of girls than boys are fostered into  households (Judge et al., 

2015b) and, fostered children are taller and leaner for their age than biological 

children (Judge et al., 2015b). Previous research in Natarbora and Ossu, suggests 

that fostering may improve child growth over the long term by allowing children to 

move into resource richer households (Judge et al., 2015b; Spencer, 2018).  

 

The Makassae people of Ossu follow a customary tradition of bride price (barlake) 

where the groom’s family give money and cows or water buffalo and sometimes 

goats to the bride’s  family in exchange for pigs and woven cloth (Clamagirand, 

1980; McWilliam, 2010). For wife-receiving families, barlake is considered an 
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ongoing debt (McWilliam, 2010). This custom is more common in the patrilineal 

communities of Timor Leste and does not occur in the matrilineal community of 

Natarbora (Judge, pers comm). In Ossu, tuunanga (cross-cousin marriage) is also 

commonly practiced (Guterres, 1997; da Silva, 2017). This cross-cousin marriage 

essentially “double” kin relationships within a family such that women become 

mothers-in-law as well as biological aunts to their own nieces and gain additionally 

inclusive fitness benefits from their daughters-in-law (Willführ et al., 2018). 

Previous work in Natarbora and Ossu indicate that Timor-Leste is an ideal 

community to explore the influence of social networks on children’s growth 

because there is interhousehold variation in access to resources required for 

livelihoods such as land, labour and amenities which is likely to encourage 

resource exchange. Subsistence agriculture is the main livelihood strategy in 

Timor-Leste with 80% of all households involved in cropping and 87% involved in 

livestock rearing (General Directorate of Statistics et al., 2018a); therefore, land is 

critical to Timorese livelihoods. However, competing land claims continue to be an 

ongoing issue in Timor-Leste as a consequence of historical displacement which 

can undermine land access and stable livelihoods (Thu, 2012; Batterbury et al., 

2015). Land access disputes affect approximately 10% of Timorese households 

(Almeida & Wassel, 2016). Personal communications and observations over the 

course of this study in Natarbora and Ossu indicate that both communities have 

historical experience with displacement and resettlement (Thu & Judge, 

2017)(Judge, pers. comms.). Among those Timorese households with stable land 

access, households may struggle with achieving agricultural productivity due to 

labour constraints (Lopes & Nesbitt, 2012). In Timor-Leste, household labour 

availability increases the probability of rice intensification technologies (Noltze et 

al., 2012). In Natarbora and Ossu, explanations for households not cultivating land 

include difficulties with adequate labour, lack of resources to replace labour such 

as water buffalo and/or money to buy tractor petrol or pay for infrastructural 

repairs (Spencer et al., 2017; Thu & Judge, 2017).  
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Additionally, households vary in access to amenities such as healthcare (Price et 

al., 2016) and marketplaces due to travel difficulties (Rola-Rubzen et al., 2011). 

Throughout rural Timor-Leste, travel is problematic due to the poor condition of 

rural roads (Asia Development Bank, 2011), particularly during the rainy season 

(Chongvilaivan et al., 2016), and lack of personal motorised transport (75.3%) 

(General Directorate of Statistics et al., 2018b). In both Natarbora and Ossu, 

accessibility to amenities such as the marketplace and the clinic varies across sub-

communities with some sub-communities being up to 7kms away. Travel is 

particularly difficult in mountainous Ossu where sub-communities are elevated up 

to 400m above Ossu villa. Difficulties in acquiring resources or the means of 

resource acquisition provide an environment where resource transfer can occur; 

thus, Timor-Leste is an ideal environment to explore social networks.  



Section One: Social networks in rural Timor-Leste 
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Section 1. Characterising social 

networks in rural Timor-Leste 

 

Literature Review 

Human life history and resource sharing  

Resource sharing, as a form of altruism, is a well-established and ubiquitous 

phenomenon in human behavioural ecology (Hrdy, 2007; Jaeggi & Gurven, 2013a; 

Kramer & Veile, 2018). Sharing, particularly food sharing by males and older post-

reproductive individuals, co-evolved with human life history traits including long 

lifespans and a long period of juvenile dependence, in response to a shift to a 

nutrient dense and skill intensive diet (Kaplan et al., 2000). This foraging niche is 

associated with large ranging areas, technological complexity and processing 

beyond the abilities of a single individual (Kramer, 2018). For most organisms, 

only personal energy budgets cover the costs of growth, maintenance and 

reproduction across an organism’s lifespan (Hill & Kaplan, 1999) but for humans 

to forage in such large, complex and time consuming conditions, social 

relationships facilitate transfers across tasks and resource types and allow them 

additional flexibility in their energy budgets (Gurven et al., 2012); thus, humans 

are co-dependent on one another across a range of resources and behaviours 

(Kramer, 2018). 

 

Humans develop and maintain cooperative relationships with others based on 

kinship (Hamilton, 1964; Hawkes et al., 1997; Jaeggi & Gurven, 2013a), reciprocity 

(Trivers, 1971; Jaeggi & Gurven, 2013b), propinquity (Patton, 2005; Hames & 

McCabe, 2007) and/or common interests (Smith & Bird, 2000; Macfarlan et al., 

2014; MacFarlan et al., 2018). Cross-culturally, sharing (resource transfer) is 
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observed in humans for a number of practices and resources including food 

(Gurven, 2004b; Jaeggi & Gurven, 2013a), labour (Hames, 1987; Abizaid et al., 

2015), seeds (Ban & Coomes, 2004; Wencélius et al., 2016; Tadesse et al., 2017), 

livestock (Caudell et al., 2015) and child care (Sear & Mace, 2008; Hrdy, 2011).   

 

For mothers, cooperation with others can be critical because mother’s often 

simultaneously have multiple dependent offspring (Robson et al., 2006); childcare 

(allocare) can reduce deficiencies in parental care that can occur when parental 

care is spread across many offspring (Hrdy, 2007). During infancy, mothers 

provide most care to their children, and death of the mother is one of the strongest 

predictors of child mortality (Brittain, 1992; Sear et al., 2002). A nursing mother 

with a young infant has a reduced capacity for foraging (Hawkes et al., 1997); 

therefore, where resources are scarce or a large amount of energy or skill is 

required for energy extraction, newly weaned children may suffer due to a 

decrease in maternal investment upon the birth of a new infant. Provisioning of 

children by other family members can offset deficiencies in parental care, which 

would otherwise constrain maternal reproductive success (Hrdy, 2007; Kramer, 

2011; Crittenden et al., 2013). 

 

Cross-culturally, allocare is most often provided by grandmothers (Hawkes et al., 

1997; Sear et al., 2002; Gibson & Mace, 2005; Sear & Mace, 2008), siblings (Kramer 

& Boone, 2002; Kramer, 2011) and fathers (Marlowe, 2003; Winking et al., 2011). 

For children, this allocare can be critical for survival (Sear et al., 2002; Sear & Mace, 

2008). Beyond provisioning, allomaternal care can take forms such as holding 

(Ivey, 2000; Meehan, 2005; Crittenden & Marlowe, 2008), play (Ivey, 2000; 

Meehan, 2005), and watching or physical proximity (Ivey, 2000; Meehan, 2005) 

that are widely shared within the community. Watching and/or holding infants by 

others may allow mothers to forage more efficiently than they would with an 

infant in hand (Panter-Brick, 1989; Hawkes et al., 1997).  
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Food sharing is cross-culturally ubiquitous (Gurven, 2004b; Jaeggi & Gurven, 

2013a). On a day-to-day basis, food sharing between foraging families offsets 

shortfalls in food acquisition (Kaplan et al., 2009; Jaeggi & Gurven, 2013a), and 

reduces day-to-day variation in individual consumption (Kaplan et al., 1985) that 

results from foraging luck or hunting skill. Because traditional populations have 

limited methods of food storage, they are more often exposed to fluctuations in 

food scarcity or abundance (Kaplan et al., 1985). This is particularly true for meat 

and animal products, the acquisition of which are highly variable across 

households and pooled within the community (Kaplan et al., 1985; Patton, 2005; 

Koster & Leckie, 2014). Even consistently high-producing individuals , who benefit 

least from daily food pooling (Kaplan et al., 1985), benefit from sharing by 

receiving more food from more people when they are incapacitated (Gurven et al., 

2000a). 

 

Given that food sharing has an important place in shaping human life history traits 

(Kaplan et al., 2000; Kramer, 2018), resources or practices which influence food 

production and acquisition are also often communally shared. Within horticultural 

(Ban & Coomes, 2004) and agricultural societies (Wencélius et al., 2016; Tadesse et 

al., 2017), seeds and garden cuttings are often shared from high diversity or 

wealthier households to low diversity or poorer households (Ban & Coomes, 2004; 

Tadesse et al., 2017). Households in horticultural societies also contribute 

substantial labour to other households’ gardens (Hames, 1987; Abizaid et al., 

2015). Hames (1987) suggests that, like food sharing, contributing labour to other 

households’ gardens is insurance against households’ own crop failure and, by 

extension, high variation in food availability.  
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Theories of resource sharing 

Evolutionary pathways of resource sharing  

Kin selection (Hamilton, 1964) and reciprocal altruism (Trivers, 1971) are the two 

principle theories of resource sharing in human evolutionary ecology. Hamilton’s 

(1964) explanation of sharing argues that help evolves when the fitness benefit to 

the receiver divided by the cost to the giver is greater than the reciprocal of 

mutually shared genes. In economically developed countries, wealth is most often 

shared with kin (Judge & Hrdy, 1992; Tifferet et al., 2018). In subsistence-based 

economies, kin preference is supported by studies investigating sharing of food 

(see Gurven 2004b and Jaeggi and Gurven 2013a for a comprehensive review), 

allomaternal care (Hawkes et al., 1997; Kramer & Boone, 2002; Meehan, 2005; 

Crittenden & Marlowe, 2008), food acquisition behaviour such as agricultural 

labour (Hames, 1987; Abizaid et al., 2015) and food products such as seeds (Ban & 

Coomes, 2004; Tadesse et al., 2017).  

 

Because sharing incurs a cost, givers who are not related to the receiver only 

benefit from sharing if the sharing is reciprocated (Trivers, 1971). When givers are 

related to receivers, givers are partially buffered from the cost of unrepaid sharing 

by the inclusive fitness benefit of shared genes (Hamilton, 1964). As such, 

reciprocal altruism, or direct altruism, between unrelated dyads is most likely to 

occur when the cost to the giver is small and the probability of repayment is high 

(Trivers, 1971). In subsistence economies, reciprocal altruism is broadly 

associated with food sharing (see Gurven 2004b and Jaeggi and Gurven 2013b for a 

comprehensive review), food products (such as seeds)(Tadesse et al., 2017) and 

food acquisition behaviour (such as agricultural labour)(Hames, 1987; Abizaid et 

al., 2015). Reciprocity may also be generalised whereby individuals in a 

community may share with another (B giving to C) because one was previously 

shared with (A giving to B). Indirect altruism is resilient to occasional mistakes and 

encourages generosity (Pfeiffer et al., 2005), particularly in small populations 
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where interactions are frequent and cooperative members are more protected 

from cheaters (Pfeiffer et al., 2005; van Doorn & Taborsky, 2012). 

 

Several studies of resource sharing consider the influence of multiple theoretical 

explanations because theories are not mutually exclusive (Nolin, 2010); similarly, 

considering multiple resource types can be important because individuals or 

households may not reciprocate with identical resource types. For example, 

Ethiopian potato farmers repay the sharing of potato tubers with agricultural 

labour (Tadesse et al., 2017). Kin selection (Hamilton, 1964) and reciprocal 

altruism (Trivers, 1971), among others, are often considered simultaneously in the 

study of food sharing (Gurven, 2004b; Jaeggi & Gurven, 2013b) and often predict 

sharing independently of one another (Jaeggi & Gurven, 2013b). In contrast, only a 

few studies investigate the transfer of multiple resource types in a population at a 

time (Essock-Vitale & McGuire, 1985; Adams et al., 2002; Madhavan et al., 2003). 

However, these studies usually aggregate resource types into categories of 

emotional, material, cognitive and practical support as the studies aimed to 

determine the influence of these support networks on a separate dependent 

variable, rather than the patterns of resource sharing themselves. 

 

Proximate conditions of resource sharing 

The proximate explanations may indicate the conditions under which sharing 

occurs and thus may signal evolutionary pressures. Being ‘needy’ predicts 

receiving food in some forager (Kaplan et al., 1985; Allen-Arave et al., 2008; 

Kramer et al., 2009) and horticultural (Koster & Leckie, 2014) populations. For 

example, Ache foragers give greater quantities of hunting products with 

households having more dependents (Kaplan et al., 1985). Due to food sharing, all 

members of the community enjoy an increase in the percentage of food in excess of 

nutritional requirements, but this increase is greatest for young, single mothers 

(Kaplan et al., 1985). Even after Ache resettlement onto reservations and the 
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resultant modification of food acquisition strategies, more food is given to 

households who produce insufficient calories relative to their consumption needs 

(Allen-Arave et al., 2008).  

 

Propinquity is well established as a proximate explanation of resource sharing, 

particularly for food sharing. Neighbouring households (high propinquity) have 

significantly greater food sharing than more distant households among the Hiwi 

and Ache hunter gatherers (Gurven et al., 2000b; Gurven, 2004a), reservation Ache 

(Gurven et al., 2001; Gurven et al., 2002), the horticultural Conambo (Patton, 2005) 

and the horticultural Ye’kwana (Hames & McCabe, 2007). Increased sharing 

between neighbours is expected because neighbours are likely to have a high 

frequency of interaction (Nolin, 2010) and thus are more situated for reciprocity 

(Trivers, 1971). While households might lack the same resources if they live close 

to one another, this may depend on the underlying cause for scarcity. For example, 

in agricultural societies a lack of food might be due to low crop production caused 

by weather events and thus occurs community wide or a lack of food might be due 

to household level factors such as insufficient labour, insufficient land to meet 

consumption needs or insufficient cash income to supplement consumption needs. 

Thus, the types of resources shared are dependent on community and household 

ecology.  

 

In some traditional societies, propinquity appears to be associated with food 

sharing; however, when other factors such as kinship (Gurven et al., 2002; Patton, 

2005) or reciprocity (Hames & McCabe, 2007) are controlled, propinquity no 

longer significantly predicts food sharing. In other cases, propinquity predicts food 

sharing behaviour independent of kinship (Ziker & Schnegg, 2005; Nolin, 2010). 

Propinquity is often correlated with other factors because people can choose 

where they live (Nolin, 2010) and often choose to reside close to kin (Gurven et al., 

2000b; Gurven et al., 2001). Nolin (2010) argues that kinship and propinquity have 
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independent effects in the Dolgan and Nganasan of Siberia (Ziker & Schnegg, 2005) 

because government-provided housing is assigned to families, not chosen by 

families. These results highlight the importance of considering multiple 

explanations when investigating patterns of cooperation; thus, investigations of 

cooperation commonly utilise multivariate statistical models.  

 

Modelling resource sharing and social network analysis 

Human behavioural ecologists use multivariate statistical methods because 

theoretical explanations of sharing often overlap (Nolin, 2010); however, in 

resource sharing data where every person in the community has been interviewed, 

the statistical assumption of independence of cases is violated. Nolin (2010) briefly 

reviews the methods employed to analyse resource transfer or resource sharing 

data, including multiple linear regression (Gurven et al., 2001; Gurven et al., 2002), 

path analysis (Gurven et al., 2000b; Gurven, 2004b), multiple regression quadratic 

assignment procedure (Ziker & Schnegg, 2005), and multilevel regression 

modelling (Allen-Arave et al., 2008). While statistical methods that can control for 

some violations of the independence assumption exist, the dyad dependency (for 

example, reciprocity) is often the outcome of interest (Nolin, 2010).  

 

Social network analysis addresses the violation of the assumption of 

independence; however, many network statistics and inferential models, such as 

exponential random graph modelling (ERGM) (Snijders et al., 2006) and multiple 

regression quadratic assignment procedures (MRQAP) (Dekker et al., 2007), 

require knowledge of the complete network to be accurate. A network is only 

complete when every person within the network is interviewed. Investigations 

estimating complete network statistics from incomplete or open networks find 

that network statistics can be very sensitive to missing data (Costenbader & 

Valente, 2003; Borgatti et al., 2006). Furthermore, these studies were conducted 

using simulations of random networks and random error and, in practical settings, 



Section One: Social networks in rural Timor-Leste 
 

22 
 

human networks are not random (Borgatti et al., 2006; Pinter-Wollman et al., 

2014). Additionally, published recommendations for further studies exploring 

social networks include assessing how the structure of networks determine their 

adaptive function (Proulx et al., 2005) and comparison of variation within and 

between populations (Croft et al., 2008; Pinter-Wollman et al., 2014)  

 

Most social network data must be collected from each entity individually (Perry et 

al., 2018) resulting in logistical constraints due to the typical time and funding 

constraints on most researchers. Additionally, recording social network data by 

survey or census is done by roster (i.e. asking every individual about every other 

individual in the network) and thus, can only be achieved with pre-knowledge of 

the complete network (Perry et al., 2018). In human ecology, studies of resource 

sharing are commonly conducted in traditional small-scale societies where 

identifying all the members of a network is possible (Apicella et al., 2012; Koster & 

Leckie, 2014; Mertens et al., 2015). However, as network size increases, it becomes 

increasingly difficult to identify and interview all network members and sharing 

may occur over wide geographical space. Network boundaries can be constrained 

within particular geographical boundaries to facilitate recording a complete 

network (Nolin, 2010; Scott, 2013; Abizaid et al., 2015); however, this assumes 

that the relationships of individuals are confined to a particular location or group 

and can lead to an imperfect representation of the full network (Scott, 2013; Perry 

et al., 2018). Scott (2013) offers three solutions to the problem of sampling social 

networks from larger populations: (1) to restrict analysis to personal or ego-

centric networks, (2) to use snowball sampling or (3) to focus on more qualitative 

features of social networks. Solutions (1) and (3) relate to utilising personal 

networks (Wellman, 1979; Fischer, 1982; Burt, 1984; Halgin & Borgatti, 2012). 
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Personal network analysis 

Personal networks can be obtained by extracting ego-networks from a complete 

network or by interviewing only sample respondents (egos) about people in their 

lives (alters) using the personal network research design or PNRD (Halgin & 

Borgatti, 2012). PNRD is conducted through 1) name generator questions and 2) 

name interpreter questions which identify the list of people or alters that the 

respondent has interacted with and their attributes, respectively (Halgin & 

Borgatti, 2012). Adopting a PNRD avoids breaking the statistical assumption of 

independence because collected data can be treated as attributes of the respondent 

while also avoiding the possible logistical constraints of interviewing an entire 

network (Halgin & Borgatti, 2012).  

 

Some studies using personal network analysis have been largely descriptions of 

the general characteristics of alters involved in the flow of a particular resource 

type (Wencélius et al., 2016; Tadesse et al., 2017; Nunan et al., 2018). For example, 

Wencelius et al. (2016) and Tadesse et al. (2017) investigated the characteristics of 

alters associated with seed acquisition events among Masa agro-pastoralists of 

Cameroon and potato tuber seed sharing among Ethiopian potato farmers, 

respectively. While descriptive analyses are a useful and necessary first step, they 

do not tease apart the different theoretical explanations of resource sharing.  

 

Other studies progress a step further and utilise a PNRD to determine the influence 

of networks on an outcome variable. The influence of personal networks have been 

investigated in relation to child survival (Adams et al., 2002), overall children’s 

health status (Kana' Iaupuni et al., 2005; Donato & Duncan, 2011), women’s 

fertility (Madhavan et al., 2003), household disaster recovery (Sadri et al., 2018) 

and change in employment status (Nordman & Pasquier-Doumer, 2014). However, 

in many of these cases, the independent network variables are still descriptive 

characterisation of alters and alter characteristics. For example, aggregating 
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resource types into categories of emotional, material, cognitive and practical 

support before calculating the percentage of respondents’ personal networks 

involved in each category of resource type (Adams et al., 2002; Madhavan et al., 

2003) or calculating the percentage composition of alter characteristics (Adams et 

al., 2002; Madhavan et al., 2003; Moestue et al., 2007). While these variables do not 

violate statistical assumptions of independence (Halgin & Borgatti, 2012), 

aggregating alter characteristics to the respondent level excludes potentially 

significant variation in alter characteristics (Perry et al., 2018).  This can be 

mitigated by employing statistical methods of variable reduction such as principle 

components analysis (Nordman & Pasquier-Doumer, 2014). In general, multilevel 

modelling allows for the nesting of personal network data when the alter 

characteristics are of interest (Perry et al., 2018).  

 

Only one study applies a multilevel approach to analyse PNRD collected resource 

sharing data. de Miguel Luken and Tranmer (2010) recorded the personal 

networks of 364 immigrants to Spain and used multilevel logistic regression 

analyses to investigate whether immigrant and resident attributes, and the support 

exchanged, influenced the formation of a tie with a Spanish resident compared to a 

non-Spanish resident.  

 

In this study, I investigate the simultaneous flow of multiple resource types using a 

personal networks research design within two communities in rural Timor-Leste, 

Natarbora and Ossu. Social relationships of giving and receiving are a common 

coping strategy during seasonal food shortages (da Costa et al., 2013; Erskine et al., 

2015) and resources accessed through sharing are not counted in the previous 

work thus far. Timor-Leste’s resource-scarce environment provides an 

environment that fosters social relationships and resource transfers as an 

economic safety net. This suggests an ideal environment in which to study 

personal networks and to characterise resource sharing patterns. Moreover, 
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investigating the mechanisms of household sharing patterns will broaden our 

understanding of how households might use their social relationships to buffer 

themselves from seasonal or short-term resource shortages. I use a mixture of 

descriptive statistics, statistical variable reduction, and inferential models to 

characterise strategies of resource sharing and link these strategies to specific 

resource types.  
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Aims: characterising social networks in Timor-Leste 

Aim: to describe the sharing strategies used by households in Natarbora and Ossu, 

determine through which different resource types flow and determine whether 

mechanisms of resource flow and the resource types differ between matrilineal 

Natarbora and patrilineal Ossu. 

 

Hypothesis 1: Given that sharing with kin offsets the costs of unrepaid 

sharing, high value, ‘fitness influencing’ resources will flow through kin in 

Natarbora and Ossu. 

 

Hypothesis 2: Given that kinship is reported to be important in sharing, 

women in Natarbora (who live closer to their natal family) will have larger 

networks and greater flow of resources than women who live in Ossu (with 

husband’s family). 

 

Hypothesis 3: Given that alloparental care is more often provided by 

maternal kin than paternal kin, there will be more flow of childcare and 

fostering in Natarbora (where women live close to their natal family) than 

in Ossu (where women live closer to their husband’s family). 

 

Hypothesis 4: Given that food can be an asynchronously acquired resource 

and can be shared in small amounts, shared food is expected to be 

reciprocated in Natarbora and Ossu. 

 

Hypothesis 5: Agricultural resources (labour and seeds) will move through 

the same sharing patterns in both Natarbora and Ossu. 
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Hypothesis 6: Land/land access will flow through related males in Ossu 

(patrilineal) and related females in Natarbora (matrilineal). 
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Methods 

Households who participated in the resource network interview in at least one 

year of data collection are included in the network analyses (Natarbora n = 99, 

Ossu n = 97). 

 

 Assessing household social networks 

This study utilised the sampling framework of households participating at the 

onset of an ongoing longitudinal study. I use a personal network research design 

(Halgin & Borgatti, 2012) and thus, interviewed households who were a part of the 

longitudinal study but not other households and organisations with whom 

households claim a connection (alters). Household social networks (Appendix 

EAppendix C) were recorded during a verbal face to face recall interview with the 

lead female in each household. Where the lead female was absent, the interview 

was conducted with her husband or adult daughter. Interviews were conducted by 

CES in the national language, Tetun, with the assistance of a local research 

assistant when necessary. In Ossu, where some households are more comfortable 

speaking Makassae and/or Kai Rui languages, household interviews were 

conducted in Tetun with translation to Makassae or Kai Rui as required by the 

research assistant.  

 

The respondent was asked to name the person(s) and/or organisation(s) from 

whom they had received help and/or to whom they had given help in the past one 

month (except for child fostering). Help included culturally relevant resources 

including provision of food, field labour, livestock herding and transfer, 

seed/seedlings, money, child care, child fostering, land and land access, healthcare, 

information, building houses and transport. One month was selected to maximise 

recall accuracy and to include a span of time within which one might expect some 

form of resource transfer to occur. One month is well within the range of recall 

demonstrated by previous social network research (Adams et al., 2006; Sadri et al., 
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2018). Each named individual and organisation was recorded as an “alter” and the 

relationship between the household and the alter as a resource flow event. For 

child fostering only, households were asked about whether they had ever fostered 

children in or out.  

 

I asked follow-up questions for each person or organisation referenced, including 

the relationship to the respondent, age, location, sex, occupation and whether 

there was an ongoing sharing relationship. When respondents mentioned a kin 

relationship, I followed up by asking whether the relationship was rasik (i.e., true, 

or “one’s own”) to distinguish between those kin with genetic relatedness and 

those who have cultural relatedness. When respondents were unsure of an alter’s 

age, they were asked whether the alter was older than, of a similar age or younger 

than themselves. I also asked whether the respondent was expected to repay 

resource transfers (contingency), as well as whether the respondent had already 

repaid resource transfers, to assess reciprocity. See Appendix E for full network 

interview. No limitations were put on the number of alters a household respondent 

could mention similar to Abizaid et al. (2015) and Kasper and Borgerhoff Mulder 

(2015) and unlike Adams et al. (2002) and Moestue et al. (2007). 

 

 Unstructured interviews 

Conversations were conducted with selected individuals in each community 

including the xefe suku (1 in Ossu, 2 in Natarabora), the priests, the heads of the 

households with whom the lab group live with during fieldwork and members of 

our sample who did not want to participate in recounting their own personal 

sharing. 
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Data preparation 

Excluding bride price 

The patrilineal communities of Ossu traditionally practice bride price (barlake) 

These exchanges are specific to obtaining a wife and subject to negotiation; 

therefore, these exchanges were removed from the data set before analyses (n = 29 

resource flow events).  

 

Fostering 

Flow events recorded in 2017 could include new child fostering events, as well as 

repeat child fostering events recorded in the previous year; thus, child fostering 

events from the post-harvest season (2016) that continued in the post-rainy 

season (2017) were excluded (Natarbora n = 39, Ossu n = 34). 

 

 Alter characteristics. 

For each resource type asked about, households were asked to list individuals or 

organisations (‘alters’) from or to whom resources moved. Each transfer of 

resources (transfer event) had associated alter information or characteristics 

including age, location, sex, occupation and whether there was an ongoing 

relationship with the household. The relationship between household respondents 

and alters was coded categorically as unrelated (0), affinal (1) and cognatic (2): 

That is, no genetic relation and not related by married (unrelated), related through 

their spouse (affinal), and genetically related (cognatic). Additionally, genetic 

relatedness in the form of a relatedness coefficient (i.e., the proportion of shared 

genes) was calculated for each respondent-alter pair (Appendix F).  

 

In Timor-Leste, little importance is placed on the exact chronological age of an 

individual; therefore, I used the relative age of alters compared to the household 

respondents. The household respondent’s age was used as the reference and 
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respondents were categorised as (1) the respondent is at least 5 years younger 

than the alter, (2) the respondent is less than 5 years younger or older than the 

alter i.e., approximately the same age as the alter, or (3) the respondent is at least 5 

years older than the alter. Although these age groups are not enough to indicate a 

generational difference, local language makes a distinction between older and 

younger siblings, and uncles and aunts who are older or younger than one’s 

parents. Thus, a more or less than 5-year age difference was used in order to 

capture these locally important relationships.  

 

Alter’s location was coded as sharing the same sub-community as household 

respondents – that is, living in the same Natarbora sub-community (Umaboku, 

Abatoan, Ai Teka Lara or the MDG) as the Natarbora respondent or the same Ossu 

sub-community (Ossu villa, Uaibua, Liamida or Kai uai hoo) as the Ossu 

respondent. For those who did live in the household respondent’s sub-community, 

alters were categorised as neighbours (i.e., living in the household either side of 

the respondent household or directly across the road from the respondent 

household) or not.  

 

Alters were categorised as having an ongoing relationship with households if the 

reference transfer event was not the first instance of sharing between them. Alters 

were categorised as expected to repay or expecting to be repaid resource transfers 

(direct reciprocity or household/alter would ask for help back when they needed 

to) or not (i.e., reciprocal relationship or not).  

 

Network visualisation 

Networks were visualized using Gephi 0.9.2 (Bastian et al., 2009). Use of Gephi 

requires the construction of two types of files: 1) a file containing entities (here 

households and alters) and their characteristics, and 2) a file containing 

connections between entities and associated information such as the type of 
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resource transferred. In order to map personal networks in Gephi, alters as well as 

households were input so that each resource network was a collection of ego-

centred networks (Wencélius et al., 2016). Alters were not interviewed and thus 

were defined by their connection to one or more responding households. Alters 

with the same or similar names, who were also living in the same location, of the 

same sex, within approximately the same age and with the same occupation were 

considered to be the same person and were assigned the same identifier. Networks 

were constructed for each community and formatted using ForceAtlas2 (Jacomy et 

al., 2014).  

 

Characterising sharing strategies  

The following steps (Figure 2) were completed to characterise sharing strategies in 

Natarbora and Ossu and determine how sharing strategies relate to specific 

resources. All statistical tests used IBM SPSS Version 25. 

 

 

Figure 2. Methodological procedure for the characterisation of sharing strategies and the association 
of sharing strategy with resource types for Natarbora and Ossu.  
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Step 1 – Variable reduction of alter characteristics and characterisation of sharing 

strategies. 

Traditional principle component analyses (PCA) are used to reduce a data set by 

aggregating linear relationships between variables into uncorrelated summary 

variables (components) that together represent the highest proportion of variance 

from the original data set in the fewest number of components (Jolliffe & Cadima, 

2016). Categorical principal components analysis (CATPCA) is a comparable 

alternative to PCA that allows for the inclusion of ordinal and nominal variables 

and overcomes the assumption of linear relationships required for PCA (Linting et 

al., 2007; Linting & van der Kooij, 2012). It does not assume that the distances 

between the intervals of ordinal variables are equal. Using CATPCA also allows one 

to impute missing values with the mode rather than removing those cases. I used 

CATPCA (Linting & van der Kooij, 2012) to reduce alter attribute variables, as well 

as household community and respondent sex, to a smaller set of summary 

components and reveal ‘strategies’ of resource flow separately in Natarbora and in 

Ossu (Step 1B, Figure 2).  

 

To determine which variables to input in the CATPCA, the association of alter 

characteristics (relatedness, whether the household and alter live in the same 

community and are neighbours, relative age, sex, expected reciprocity and ongoing 

relationship with the household) with each resource type was tested using Chi-

squares. The agricultural season of the flow event was also included in the chi-

square tests of association. P values of <0.05 were considered significant. Variables 

that significantly related to any resource type were retained for inclusion in the 

CATPCA (Step 1A, Figure 2).  

 

The number of components was limited to the fewest that together explained the 

most variation from the original dataset; therefore, components were retained 

until they reached Linting et. al.’s minimum proportion of explained variation of ≥ 
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60% (Linting & van der Kooij, 2012). The percentage of variance explained by each 

principal component is calculated by dividing the component eigenvalue by the 

number of included variables and multiplying by 100. Variables were removed if 

they did not load strongly (>0.40 or <-0.40) onto only one component. Varimax 

orthogonal rotation was performed in all analyses to aid interpretation (Kaiser, 

1958). 

 

To map the relationship of resource types onto principal components, I included 

resource type as a multinomial supplementary variable in the CATPCA. 

Supplementary variables do not affect the CATPCA solution but are mapped onto 

the analysis variable solution (Linting & van der Kooij, 2012). For a full explanation 

of CATPCA see Linting and van der Kooij (2012). 

 

Step 2 – Association of sharing strategies with specific resource types.  

To determine if sharing strategy varied with resource type, I fit a series of linear 

mixed models (Step 2, Figure 2), regressing transfer event principle component 

score for each sharing strategy as the continuous dependent variables on the 

resource type (7 categories) as the independent fixed-effect variable (Equation 1). 

Household identity was included as a random effect to account for repeat 

measures. Resource types were considered significantly associated with a sharing 

strategy with p < 0.05 post hoc Bonferroni pairwise comparisons.  

 

Equation 1.  Linear mixed models used to compare sharing strategies across resource types.  

𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑠𝑐𝑜𝑟𝑒 1 = ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑 𝑖𝑑𝑒𝑛𝑡𝑖𝑡𝑦 ±  𝛽(𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒 𝑡𝑦𝑝𝑒)  ±  𝜀 

𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑠𝑐𝑜𝑟𝑒 2 = ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑 𝑖𝑑𝑒𝑛𝑡𝑖𝑡𝑦 ±  𝛽(𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒 𝑡𝑦𝑝𝑒)  ±  𝜀 

𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑠𝑐𝑜𝑟𝑒 3 = ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑 𝑖𝑑𝑒𝑛𝑡𝑖𝑡𝑦 ±  𝛽(𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒 𝑡𝑦𝑝𝑒)  ±  𝜀 

Where component scores are the dependent variable, household identity is the random effect 

and resource type is the fixed effect variable. Resource type includes 7 categories: food, labour, 

livestock, seeds, money, childcare and land/land access.   
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 Results: Sharing in rural Timorese communities 

 Characteristics of the Natarbora and Ossu sample 

Ninety-nine and 97 households provided network data in Natarbora and Ossu, 

respectively (Table 2). Natarbora households collectively named 460 alters for a 

total of 791 resource flow events while Ossu households collectively named 327 

alters and a total of 647 resource flow events across the 14 resource types 

(visualised in Appendix G). 

 

Table 2. Characteristics of Natarbora and Ossu households who responded to the social network 
interview in at least one agricultural season. 

Characteristics of sample Natarbora Ossu 

Number of households 99 97 

Respondent sex 

 % female or couple 

 % male 

 

86.0 

14.0 

 

76.8 

23.2 

Mean age (SD) 41.3 (11.8) 42.8 (11.5) 

Number of transfer events   

 % In [to household] 

 % Out [of household] 

791 

50.0 

50.0 

647 

54.9 

45.1 

Range of transfer events   

 Minimum 0 0 

 Maximum 33 18 

Mean transfer events (SD) 7.60 (6.0) 6.04 (4.2) 

 

One-hundred and fifty-two (19.2%) transfer events in Natarbora and 121 (18.8%) 

transfer events in Ossu occurred through groups and institutions (Appendix H). 

Groups and institutions included the clinic, other institutions (e.g., Department of 

Agriculture) or NGO’s such as Food and Agricultural Organisation of the United 

Nations (FAO), labour groups and the general community. It is inaccurate to 

assume that groups and institutions interact with households in the same way as 

would other individuals within the community (Wencélius et al., 2016); therefore, 
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flow events involving groups and institutions across both seasons and all resource 

types were excluded from the following analyses. Given that healthcare is a 

specialised resource that can only be transferring in one direction, all other 

healthcare transfers (i.e., not provided by an institution or group) were excluded 

(Natarbora n = 23 transfers; Ossu n = 7 transfers). ‘Other’ help transfers included a 

mixture of resources with small sample sizes that did not fit into other categories 

such as information other than healthcare information, building houses, 

transportation and an open category for anything outside of the previously 

mentioned categories; thus, ‘other’ help transfers were excluded from the 

following analyses (Natarbora n = 29; Ossu n = 27).  

 

After excluding groups and institutions and “other help”, Natarbora households 

reported 396 alters for the remaining 548 flow events and Ossu households 

reported 294 alters for 453 flow events (Table 3). These networks included flow 

events for food, labour, livestock, seeds, money, child fostering, child care and 

land/land access (visualised in Figure 3). In Natarbora, households ranged from 0 

to 24 and averaged 5.3 ± 4.4 flow events per household per month over the two 

agricultural seasons. In Ossu, households ranged from 0 to 14 and averaged 3.9 ± 

3.3 flow events per household per month over two agricultural seasons. 
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Table 3. Alter and flow event counts for reported resource networks over 2 agricultural seasons for 99 Natarbora households and 97 Ossu households by 
resource type. Excluding groups, institutions, ‘other’ help, and post-harvest (2016) fostering events that continued into the post-rainy season (2017). 

 Natarbora Ossu 

Resource type Alters* Post-harvest Post-rainy Total Alters* Post-harvest Post-rainy Total 

  In Out In Out   In Out In Out  

Food 106 11 44 19 52 126 56 6 23 10 33 72 

Labour 49 9 19 6 20 54 25 18 3 2 10 33 

Livestock 40 4 8 7 21 40 21 6 9 2 7 24 

Seeds 44 5 17 4 23 49 9 7 5 1 2 15 

Money 52 5 21 3 32 61 54 4 30 2 23 59 

Fostering 144 43 22 56 27 148 121 37 16 84 47 184 

Child care 33 6 6 13 10 35 20 1 9 8 11 29 

Land/land Access 21 10 4 10 7 31 20 9 11 12 5 37 

Total 396 93 141 118 192  294 88 106 121 138  

Grand Total   234  

(missing direction, 

n=2 childcare) 

310  

(missing direction, 

n=1 food, 1 money) 

548  194 259 453 

* Number of alters for each resource type are less than the total events because some alters are repeated across resource types. 
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Figure 3. Social networks in Natarbora (left) and Ossu (right) excluding groups and institutions, ‘other’ help and 2016 child fostering that were repeated in 
2017. Responding households are red and person alters are green. Lines represent resource transfers between households and alters. Resources transfers in 
a clockwise direction. Green lines are resource transfers that were reported in the post-harvest season (2016) and blue lines are resource transfers that were 
reported in the post-rainy season (2017). Larger dots have a greater total number of resource transfers relative to smaller dots. Network drawings were 
completed in Natarbora and Ossu separately; thus, drawings are not to scale with each other.  
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 Fostering in Natarbora and Ossu 

Fostering relationships occur over longer time scales than other types of resource 

transfers and thus are considered independently. Fostering events reported in the 

post-harvest season (2016) are positively associated with fostering events 

reported in the post-rainy season (2017) in Natarbora (Spearman’s rho r = 0.440, p 

< .001) and Ossu (Spearman’s rho r = 0.227, p = 0.023). Fostering events in post-

harvest season that were continuing in post-rainy season were removed from the 

following descriptive statistics (Natarbora n = 39, Ossu n = 34).  

 

Natarbora households reported 144 alters for a total of 148 fostering events with 

households ranging from 0 to 10 fostering events each. Ossu households reported 

121 alters for a total of 184 fostering events with households ranging from 0 to 7 

fostering events each. Households in Natarbora and Ossu follow similar patterns of 

fostering. In both Natarbora and Ossu, responding households foster children in 

more often (Natarbora, 66 %; Ossu, 66%, Table 4) than they foster children out 

(Natarbora, 34%; Ossu, 35%). Fostering is most often coordinated with a female 

alter among Natarbora (68%) and Ossu (62%) and alters who are cognatic to the 

household respondent (Natarbora, 77%; Ossu, 63%). Between cognatic 

respondents and alters, parent-child relationships (r = 0.5) and siblings (r ~ 0.5) 

have the most fostering events (Natarbora, 74%; Ossu, 72%) – that is, parents and 

their adult children, and adult siblings are transferring their children to one 

another. Patterns of relative age between households and alters indicate that 

intergenerational fostering is the most common in both Natarbora (respondents 

younger than alter + respondent older than alter = 79%) and Ossu (respondents 

younger than alter + respondent older than alter = 69%). These results indicate 

that grandmothers are fostering in their grandchildren from their parents. In both 

Natarbora (79%) and Ossu (84%), reciprocity for fostering is not expected. 

Fostering events occur between households and alters with an ongoing 

relationship (Natarbora, 80%; Ossu, 77%) but households and alters rarely reside 

in the same sub-community (Natarbora, 12%; Ossu, 21%). 
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Table 4. Descriptive statistics of child fostering events in Natarbora and Ossu across 2 agricultural 
seasons. Bold values indicate the larger category. 

a Of respondent and alter. Only related alters included. 

 

 Natarbora Ossu 

Direction   

 In 66.2% 65.8% 

 Out 33.8% 34.7% 

Sex of respondent   

 Female 67.8% 61.7% 

 Male 32.2% 38.3% 

Relatedness   

 Unrelated 4.7% 6.7% 

 Affinal 18.1% 30.3% 

 Cognatic 77.2% 62.9% 

Relatedness coefficient a of alter   

 r =/~ 0.5 74.2% 71.8% 

 r = 0.25 10.3% 15.4% 

 0.063 ≤ r ≤0.125 15.5% 12.8% 

Relative age of household respondent (H) to alter (A) 

 H > A 40.5% 21.6% 

 H ~ A 21.4% 31.3% 

 H < A 38.1% 47% 

Shared community   

 Yes 12.0% 20.7% 

 No 88.0% 79.3% 

Reciprocity expected   

 Yes 20.7% 16.3% 

 No 79.3% 83.7% 

Ongoing relationship   

 Yes 80.0% 76.9% 

 No 20.0% 23.1% 
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 Variation of alter characteristics across resource types. 

Bivariate associations of alter characteristics with resource type included 400 and 

269 flow events in Natarbora and Ossu, respectively. Significant bivariate 

associations of alter characteristics with resource type and the standardised 

residuals of chi-square tests are presented in Table  (Natarbora) and Table 5 

(Ossu).  

 

In Natarbora, alter characteristics of relatedness (unrelated, affinal, cognate, X2(12) 

= 65.50, p < .001), shared community (X2(6) = 61.76, p < .001), the relative ages of 

the respondent compared to the alter (X2(12) = 39.26, p < .001), alter sex (X2(6) = 

28.81, p < .001), flow direction (into or out of the household, X2(6) = 42.29, p < 

0.001)  and expected reciprocity (X2(6) = 34.86, p <.001) were significantly 

associated with particular resource type(s). Among cognates, how closely the 

respondent and alter were related varied for livestock and money (X2(2) = 10.14, p 

= .006).  

 

Agricultural season (X2(6) = 5.05, p = 0.538) and whether the household had an 

ongoing relationship with the alter (X2(6) = 6.85, p = 0.335) did not vary with 

resource type.  
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Table 5. Chi-square association of Natarbora alter characteristics that significantly vary with resource type and are therefore retained for the CATPCA model. 
Values presented are percentages. Bold and italicised values are standardised residuals.  

 Relatedness (n = 389) 

A = affinal, C = cognatic 

Relatedness coefficient 

(n = 76) 

Shared 

community  

(n = 388) 

Relative age (n = 371) 

(H = household, A = alter) 

Sex  

(n = 391) 

Direction 

(n = 396) 

Expected 

reciprocity 

(n = 375) 

Resource 

type 

none A C 0 < r ≤ 

0.125 

0.25 0.5 No Yes H < A H ~ A H > A F M In Out No Yes 

Food 24.8 19.8 55.4    31.9 68.1 50.4 20.0 29.6 68.9 31.1 76.2 23.8 53.8 46.2 

1.0 0.3 -0.7    -1.6 1.4 0.6 -0.1 -0.7 1.8 -2.1 0.6 -0.9 -2.3 3.5 

Labour 11.5 28.8 59.6    26.9 73.1 68.8 12.5 18.8 51.9 48.1 72.2 27.8 65.4 34.6 

-1.4 1.7 -0.1    -1.6 1.4 2.3 -1.2 -1.7 -0.4 0.5 0.0 -0.1 -0.5 0.8 

Livestock 5.0 25.0 70.0 35.7 28.6 35.7 70.0 30.0 37.5 25.0 37.5 55.0 45.0 72.5 27.5 89.7 10.3 

-2.2 0.9 0.8 1.5 1.3 -1.6 2.8 -2.4 -0.8 0.6 0.5 -0.1 0.1 0.1 -0.1 1.4 -2.2 

Seeds 33.3 10.4 56.3    24.5 75.5 46.8 23.4 29.8 49.0 51.0 81.6 18.4 77.8 22.2 

2.0 -1.3 -0.4    -1.8 1.6 0.0 0.4 -0.4 -0.7 0.8 0.8 -1.3 0.5 -0.8 

Money 8.3 11.7 80.0 14.6 12.5 72.9 73.8 26.2 20.0 21.7 58.3 50.0 50.0 86.9 13.1 78.9 21.1 

-2.1 -1.3 1.9 -1.1 -1.0 1.2 3.9 -3.3 -3.0 0.2 3.4 -0.7 0.8 1.4 -2.2 0.7 -1.1 

Child care 5.4 27.0 67.6    50.0 50.0 40.0 25.7 34.3 73.0 27.0 45.7 54.3 90.6 9.4 

-2.0 1.2 0.5    0.8 -0.7 -0.6 0.7 0.1 1.3 -1.5 -1.8 2.9 1.3 -2.0 

Land/land 

access 

61.3 6.5 32.3    19.4 80.6 69.2 15.4 15.4 22.6 77.4 35.5 64.5 80.6 19.4 

5.0 -1.6 -2.0    -1.9 1.6 1.7 -0.6 -1.6 -2.5 2.9 -2.4 3.8 0.6 -1.0 

X2(df) 65.50 (12) 10.14 (2) 61.76 (6) 39.26 (12) 28.81 (6) 42.29 (6) 34.86 (6) 

p < .001** .006** < .001** < .001** < .001** < .001** <.001** 

Blank cells indicate values not applicable to these analyses. 
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In Ossu, alter characteristics of relatedness (unrelated, affinal, cognate, X2(12) = 

28.86, p = .004), shared community (X2(6) = 25.955, p = .000), alter sex (X2(6) = 

37.151, p < .001), flow direction (into or out of the household, X2(6) = 41.54, p < 

.001) and expected reciprocity (X2(6) = 23.271, p = .001) were significantly 

associated with resource type. In Ossu, resource type significantly varied with 

agricultural season (X2(6) = 15.895, p = .014). There was a trend between the 

relative age of the household respondent compared to the alter (X2(12) = 20.961, p = 

.051) and resource type. There is a trend for labour, money and child care to vary 

by the degree of biological relatedness among cognates (X2(2) = 5.548, p = .062). 

Whether the household has an ongoing relationship with the alter varied by 

resource type (X2(6) = 28.747, p < 0.001); however, 36% of cells had expected 

values of less than 5. This violates chi-square assumptions (McHugh, 2013); 

therefore I exclude whether the household has an ongoing relationship with the 

alter from further analyses.  
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Table 5. Chi-square association of Ossu alter characteristics that significantly vary with resource type and are therefore retained for the CATPCA model. Values 
presented are percentages. Bold and italicised values are standardised residuals. 

 Relatedness (n = 259) 

A = affinal, C = cognatic 

Relatedness 

coefficient 

(n = 82) 

Shared 

community 

(n = 260) 

Relative age (n = 249) 

(H = household, A = alter) 

Sex  

(n = 265) 

Direction 

(n = 269) 

Expected 

reciprocity. 

(n = 266) 

Agricultural 

season  

(n = 269) 

Resource 

type 

none A C 0.03 – 

0.25 

0.5 No Yes H < A H ~ A H > A F M In Out No Yes Post-

harvest 

Post-

rainy 

Food 30.6 23.6 45.8   35.7 64.3 58.0 21.7 20.3 54.9 45.1 77.8 22.2 70.8 29.2 40.3 59.7 

1.5 0.2 -1.1   -0.2 0.2 1.0 -0.2 -1.2 1.6 -1.4 1.1 -1.6 0.2 -0.4 -1.4 1.5 

Labour 3.0 18.2 78.8 53.8 46.2 27.3 72.7 48.5 24.2 27.3 27.3 72.7 39.4 60.6 60.6 39.4 63.6 36.4 

-2.4 -0.5 1.8 1.1 -0.9 -0.9 0.7 -0.1 0.2 0.0 -1.4 1.2 -2.0 2.8 -0.5 0.8 0.9 -0.9 

Livestock 22.7* 36.4* 40.9   56.5 43.5 52.6 31.6* 15.8 30.4 69.6 66.7 33.3 62.5 37.5 62.5 37.5 

0.0 1.4 -0.9   1.5 -1.2 0.2 0.8 -1.0 -0.9 0.8 0.0 0.1 -0.4 0.5 0.7 -0.7 

Seeds 0.8* 1.5* 3.1   33.3 66.7 78.6 7.1* 14.3* 73.3 26.7 46.7 53.3 73.3 26.7* 80.0 20.0 

-0.6 0.5 0.1   -0.3 0.2 1.6 -1.2 -1.0 1.8 -1.6 -1.0 1.4 0.2 -0.3 1.5 -1.5 

Money 21.1 17.5 61.4 25.7 74.3 57.9 42.1 36.4 23.6 40.0 35.1 64.9 89.8 10.2 49.1 50.9 57.6 42.4 

-0.2 -0.8 0.6 -1.4 1.1 2.5 -2.0 -1.4 0.1 1.7 -0.9 0.8 2.1 -3.0 -1.8 2.6 0.6 -0.6 

Child care 10.7 14.3 75.0 47.6 52.4 28.6 71.4 33.3 18.5 48.1 72.4 27.6 69.0 31.0 82.8 17.2 34.5 65.5 

-1.3 -0.9 1.4 0.5 -0.4 -0.8 0.6 -1.2 -0.5 2.0 2.5 -2.1 0.1 -0.2 0.9 -1.4 -1.3 1.4 

Land/lan

d access 

39.4 27.3 33.3   11.8 88.2 53.1 28.1 18.8 16.2 83.8 43.2 56.8 91.7 8.3 54.1 45.9 

2.1 0.6 -1.7   -2.4 1.9 0.3 0.6 -1.0 -2.5 2.1 -1.8 2.6 1.7 -2.5 0.1 -0.1 

X2(df) 28.86 (12) 5.55 (2) 25.96 (6) 20.96 (12) 37.15 (6) 41.54 (6) 23.27 (6) 15.90 (6) 

p .004 .062 < .001 .051 < .001 < .001 .001 0.014 

* Expected count less than 5. 

Blank cells indicate values not applicable to these analyses. 
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 Sharing strategies in Natarbora and Ossu 

While the process of variable reduction was applied the same way in Natarbora 

and Ossu, the outcome of each step differed by community resulting in two 

different models of sharing strategies. In Natarbora, respondent and alter sex, and 

in Ossu, agricultural season, expected reciprocity and relative age fell out of the 

CATPCA model due to not loading strongly (≥0.40) onto one component (Appendix 

F). In both Natarbora and Ossu, the shared community variable and neighbour 

variables continuously loaded onto the same component; therefore, the shared 

community variable and neighbour variable were merged and reduced to create a 

propinquity variable of 3 categories in Natarbora and 2 categories in Ossu. In 

Natarbora, household community (described in Appendix C) and relative age were 

recategorized. In Ossu, relatedness as a category was recategorized. Alter 

characteristics and transfer related variables (i.e., flow direction and agricultural 

season) that varied significantly with resource type were retained for inclusion in 

CATPCA modelling in Natarbora (Table 6, panel 1) and Ossu (Table 6, panel 2).  
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Table 6. CATPCA variables in Natarbora and Ossu with scaling and discretisation method. Included variables varied significantly with resource type by chi-
square. Resource is included as supplementary. 

  Natarbora Ossu 

  Discretisation* method (# categories), 

distribution 

Discretisation* method (#categories), 

distribution 

Variable Scale Original Final Original Final 

Resource Multiple nominal Grouping (7), normal Grouping (7), normal Grouping (7), normal Grouping (7), normal 

Agricultural season    Grouping (2) NA 

Flow direction Nominal Grouping (2), normal Grouping (2), normal Grouping (2), normal Grouping (2), normal 

Relatedness category 

(unrelated, affinal, cognatic) 

Ordinal Grouping (3), normal Grouping (3), normal Grouping (3), normal Grouping (2), normal 

Relatedness coefficient Numeric Multiplying Multiplying Multiplying Multiplying 

Shared community Ordinal Grouping (2), normal 
Grouping (3), normal 

Grouping (2), normal 
Grouping (2), normal 

Neighbours Ordinal Grouping (2), normal Grouping (2), normal 

Expected reciprocity Ordinal Grouping (2), normal Grouping (2), normal Grouping (2), normal NA 

Relative age Ordinal Grouping (3), normal Grouping (2), normal Grouping (2), normal NA 

Alter sex Nominal Grouping (2), normal NA Grouping (2), normal Grouping (2), normal 

Household community Nominal Grouping (4), normal Grouping (2), normal Grouping (4), normal Grouping (4), normal 

Respondent sex Nominal Grouping (2), normal NA Grouping (2), normal Grouping (2), normal 

Variables in italics are supplementary. 

* The CATPCA program has a technical requirement for positive integer valued data. Discretisation is a convenient in-built option to adjust data without needing 

to recode it. 
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The 3 categorical principal components of the final CATPCA in each community 

explained 65.5% of the variance in alter characteristics across flow events in 

Natarbora and 68.3% of the variance in alter characteristics across flow events in 

Ossu (Table 7). 

 

Table 7. Variable component loadings and component eigenvalues for 3 component CATPCA in 
Natarbora and Ossu. 

 Natarbora Components Ossu Components 

 1 2 3 1 2 3 

Relatedness category 0.943 - 0.099 - 0.084 0.953 0.034 0.070 

Relatedness r coefficient 0.948 - 0.095 - 0.100 0.945 -0.079 -0.034 

Household community     0.151 0.838 0.064 

Propinquity a - 0.194 0.772 0.000 -0.178 0.812 -0.043 

Expected reciprocity 0.000 0.791 0.092    

Relative age 0.006 - 0.142 - 0.760    

Millennium Development Goal 

village (Appendix C) 

0.019 - 0.384 0.635    

Flow direction - 0.194 0.120 0.547 -0.121 0.327 0.516 

Alter sex    -0.023 -0.244 0.759 

Respondent sex    0.137 0.070 0.706 

% variance explained  

(rotated eigenvalue) 

26.6 

(1.865) 

20.3 

(1.423) 

18.6 

(1.305) 

27.0 

(1.889) 

22.0 

(1.539) 

19.3 

(1.353) 

% total variance explained 65.5 68.3 

Blank cells indicate alter characteristics that dropped out of the CATPCA model for that community. 

a Not present in Figure 2 because Propinquity was created by merging Shared community and Neighbour 

as per Table 7. 

 

Each component reflects an independent strategy of resource sharing within the 

respective community. Natarbora and Ossu share some commonalities in sharing 

strategies. In Natarbora and Ossu, component one is associated with resource 

sharing between related household respondents and alters, and the degree of that 

biological relatedness. I refer to this component as “Kin.” Component three in 
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Natarbora and component two in Ossu are associated with the geographical 

structure of their respective communities. In Natarbora, component three is 

comprised primarily of younger families living in the MDG who are associated with 

receiving resources rather than giving resources. I refer to this component as 

“Younger Receiving MDG Residents.” In Ossu, component two is associated with 

households in the most isolated community of Kai uai hoo (community isolation) 

sharing resources with alters who live close by (community cohesion). I refer to 

this component as “Close-knit Isolated Communities.” 

 

Natarbora and Ossu also present community specific variation in sharing 

strategies. In Natarbora, component two is associated with expected reciprocity 

and neighbours. I refer to this component as “Neighbours and Expected 

Reciprocity.” In Ossu, component three is associated with males receiving 

resources from other males. I refer to this component as “Male Networks.”  

 

 Sharing networks in Natarbora and Ossu 

The scores for each sharing strategy (component scores) for each flow event 

represent how strongly the flow event is associated with each sharing strategy 

(CATPCA components). For each community, the three component scores were 

compared across seven categories of resource type using linear mixed models (to 

control for multiple events within households).  

 

 Kinship 

Resource transfers between “Kin” (Natarbora and Ossu CATPCA component 1) 

significantly differed across resource types in Natarbora (F6, 380 = 4.186, p < .0005, 

Table 8, panel 1) and Ossu (F6, 260 = 4.569, p < .0005, Table 8, panel 2). In 

Natarbora, money was shared between “Kin” more than food, seeds, or land/land 
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access while in Ossu, land/land access is shared between kin less than are labour, 

money or child care.  

 

Table 8. Estimated marginal means (EMM) of the component score of resource transfers between “Kin” 
(CATPCA component 1) by resource type in Natarbora (F6, 380 = 4.186, p < .0005) and Ossu (F6, 260 = 
4.569, p < .0005). Household is included as a random effect to account for clustering of transfer events 
in households. “Kin” explained 26.6% of the variance in sharing in Natarbora and 27.0% in Ossu.  

 Natarbora Ossu 

Resource 

type 

EMM (SE) df 95% CI EMM (SE) df 95% CI 

Food  - 0.067 (0.096) a 207 - 0.256, 0.122 - 0.149 (0.121) c, d 183 - 0.389, 0.090 

Labour  0.001 (0.138) a, b 336 - 0.270, 0.272 0.279 (0.175) c 228 - 0.066, 0.624 

Livestock  0.007 (0.158) a, b 363 - 0.303, 0.318 - 0.172 (0.198) c, d 251 - 0.562, 0.218 

Seeds  - 0.173 (0.147) a 340 - 0.461, 0.116 - 0.011 (0.248) c, d 261 - 0.499, 0.478 

Money  0.398 (0.132) b 317 0.140, 0.657 0.158 (0.134) c 186 - 0.106, 0.422 

Child care  0.080 (0.163) a, b 376 - 0.242, 0.401 0.347 (0.178) c 258 - 0.003, 0.697 

Land/land 

access  

- 0.598 (0.182) a 356 - 0.956, - 0.239 - 0.654 (0.164) d 239 - 0.977, - 0.332 

a, b variables with the same letters have the same relationship to moving between “Kin” in Natarbora 

(Bonferroni pairwise comparisons, p < 0.05) 

c, d variables with the same letters have the same relationship to moving between “Kin” in Ossu 

(Bonferroni pairwise comparisons, p < 0.05) 
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Geography 

In Natarbora, money was less often shared through “Younger, Receiving MDG 

Residents” (CATPCA component 3) than food, labour or child care. Land/land 

access was given more often than food or money to “Younger Receiving MDG 

Residents” (F6, 347 = 5.579, p < .0005, Table 9).  

 

Table 9. Estimated marginal means (EMM) of the component score of resource transfers “Younger, 
Receiving MDG Residents” (Natarbora CATPCA component 3) by resource type (household as a 
random effect, F6, 347 = 5.579, p < .0005). “Younger, Receiving MDG Residents” explained 18.6% of the 
variance in sharing in Natarbora.  

Resource type EMM (SE) df 95% CI 

Food a - 0.007(0.105) 135 - 0.215, 0.201 

Labour a, b   0.104 (0.133) 250 - 0.158, 0.367 

Livestock a, c, d - 0.072 (0.147) 299 - 0.361, 0.218 

Seeds a, e, f   0.015 (0.140) 275 - 0.260, 0.290 

Money c, e - 0.419 (0.129) 234 - 0.672, - 0.165 

Child care a, g   0.125 (0.150) 314 - 0.171, 0.420 

Land/land access b, d, f, g   0.503 (0.168) 338 0.174, 0.833 

a, b, c, d, e, f, g variables with the same letters have the same relationship to flowing “Younger, Receiving MDG 

Residents” (Bonferroni pairwise comparison, p < 0.05) 
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In Ossu, land/land access is shared within “Close-knit Isolated Communities” 

(CATPCA component 2) more than are livestock or money (F6, 216 = 4.853, p < 

.0005, Table 10). Livestock are also less likely than food and labour to be shared 

within “Close-knit Isolated Communities.”  

 

Table 10. Estimated marginal means (EMM) of the component score of resource transfers within 
“Close-knit Isolated Communities” (Ossu CATPCA component 2) by resource type (household as a 
random effect, F6, 216 = 4.853, p < .0005). “Close-knit Isolated Communities” explained 22.0% of the 
variance in sharing in Ossu.  

Resource type EMM (SE) df 95% CI 

Food a, c 0.073 (0.115) 127 - 0.155, 0.301 

Labour a, c 0.163 (0.142) 202 - 0.177, 0.443 

Livestock b, c - 0.364 (0.152) 225 - 0.664, - 0.064 

Seeds a, b, c 0.198 (0.178) 253 - 0.152, 0.548 

Money c - 0.247 (0.122) 147 - 0.488, - 0.005 

Child care a, c 0.089 (0.139) 200 - 0.186, 0.363 

Land/land access a 0.222 (0.134) 184 - 0.042, 0.487 

a, b, c, variables with the same letters have the same relationship with “Close-knit Isolated Communities” 

(Bonferroni pairwise comparisons, p < 0.05 
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 Neighbours and expected reciprocity 

In Natarbora, food and labour flowed based on “Neighbours and Expected 

Reciprocity” (CATPCA component 2) more than livestock, money or child care (F6, 

353 = 8.176, p < .0005, Table 11). Livestock were less likely than land/land access to 

be shared based on “Neighbours and Expected Reciprocity.” 

 

Table 11. Estimated marginal means (EMM) of the component score of resource transfers between 
“Neighbours and Expected Reciprocity” (Natarbora CATPCA component 2) by resource type 
(household as a random effect, F6, 353 = 8.176, p < .0005). “Neighbours and Expected Reciprocity” 
explained 20.3% of the variance in sharing in Natarbora.  

Resource type EMM (SE) df 95% CI 

Food a 0.355 (0.102) 145 0.154, 0.557 

Labour a 0.368 (0.134) 274 0.104, 0.631 

Livestock b - 0.430 (0.149) 321 - 0.724, -0.137 

Seeds a, b, c 0.088 (0.141) 298 - 0.190, 0.365 

Money b, c - 0.223 (0.129) 258 - 0.477, 0.031 

Child care b, d - 0.182 (0.153) 338 - 0.483, 0.118 

Land/land access a, c, d 0.230 (0.171) 350 - 0.107, 0.567 

a, b, c, d variables with the same letters have the same relations to “Neighbours and Expected Reciprocity” 

(Bonferroni pairwise comparisons, p < 0.05) 
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 Male Networks 

In Ossu, land/land access is more likely to flow among “Male Networks” (CATPCA 

component 3) than are food, money or child care (F6, 232 = 8.435, p < .0005, Table 

12). Child care is also less likely to flow among “Male Networks” than labour or 

livestock.  

 

Table 12. Estimated marginal means (EMM) of the component score of resource transfers among 
“Male Networks” (Ossu CATPCA component 3) by resource type (household as a random effect, F6, 232 = 
8.435, p < .0005). “Male Networks” explained 19.3% of the variance in sharing in Ossu.  

Resource type EMM (SE) df 95% CI 

Food b - 0.075 (0.124) 156 - 0.320, 0.170 

Labour a 0.420 (0.165) 232 0.094, 0.745 

Livestock a 0.243 (0.181) 250 - 0.114, 0.600 

Seeds a, b 0.014 (0.219) 262 - 0.417, 0.445 

Money b - 0.038 (0.135) 177 - 0.304, 0.228 

Child care b  - 0.482 (0.163) 240 - 0.803, - 0.162 

Land/land access a  0.683 (0.154) 225 0.380, 0.987 

a, b, variables with the same letters have the same relationship with sharing between “Males” (Bonferroni 

pairwise comparisons, p < 0.05) 

 

When the supplementary resource variable is mapped, food, livestock, money and 

land/land access vary the most across the three components in Natarbora (Figure 

4, left) while livestock, seeds, money, child care and land/land access vary the most 

across the three components in Ossu (Figure 4, right). The association of resource 

types within the 3-dimensional space (representing components or sharing 

strategies in each community) reflect the results of the linear mixed models 

presented above (p. 48 - 53).  
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Figure 4. Component loadings for resource types across the principal component space of sharing strategies in Natarbora (left) and Ossu (right). Component 
loadings for each resource type are the average component loading for all events involving the focal resource type. Hence, when mapped, those resource 
types that were most spread out were those that, on average, load mostly strongly onto a component. 
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Following these linear mixed models, I dummied the resource variable into 

seven bivariate resource variables, one for each resource type (e.g., food moved 

vs. other resource types moved, labour moved vs. other resource types moved, 

etc.). I performed a series of linear mixed models regressing associations of 

flow events with each sharing strategy (CATPCA component scores) as the 

dependent variable on the dummied resource type as the independent fixed-

effect variable. Household was included as a random effect. I performed 

Bonferroni adjustment of our significance level to p < 0.003 to correct for 

multiple comparisons of Type 1 error. Results of this second set of models did 

not differ to the first set of models (i.e., those performed with the one seven-

category resource variable and presented above) and can be viewed in 

Appendix I. 
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 Discussion  

The first aim of this study was to identify the biological and/or social strategies 

of resource sharing among households’ personal networks in rural Timor-Leste, 

to determine the factors influencing pathways through which different 

resources flow. I then compared these patterns across two populations in rural 

Timor-Leste. In this study I 1) utilised a personal network analysis approach, 2) 

used CATPCA, to identify three independent sharing strategies each in 

Natarbora and in Ossu – the first of which (kinship) was common to the two 

communities and the second and third of which differed between the two 

communities – and 3) determined how sharing strategies related to different 

resources. 

 

In the following paragraphs I summarise our main findings and discuss my 

results in the context of kin selection, reciprocal altruism, mutually shared 

characteristics, and the geographical context of each of the communities. 

 

 Summary of the section 1 main results 

The structure of sharing strategies resulted in some common sharing strategies 

in Natarbora and Ossu (Table 13). “Kin”, the component based on relatedness, 

explained the most resource flow variation in both Natarbora and Ossu. “Kin” 

share money in Natarbora. Child care is organised around “Kin” in Ossu, but 

less so in Natarbora. Land exchanges and land access were not organised 

around “Kin” in either Natarbora or Ossu. Additionally, Natarbora and Ossu 

each have a resource sharing strategy that is explained by geographical 

elements of their respective community. In Natarbora, 20% of the resource 

sharing variation is explained by living in the MDG and receiving land/land 

access from older individuals. In Ossu, 22% of the sharing variation is explained 

by living at a distance from Ossu villa (Kai uai hoo at the greatest distance) and 

sharing land/land access with alters who live nearby.  
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Table 13. Summary comparison of sharing strategies in Natarbora and Ossu as derived by 
categorical principal components analyses. Kinship (italics) are common in both communities. 
Sharing strategies organised around community geography (underlined) are common in both 
communities.  

 Natarbora Ossu 

Sharing strategy 1  

(% sharing variation explained) 

Associated resources 

Non-associated resources 

Kinship a  

(26.6%) 

Money 

Land/land access 

Kinship a  

(27.0%) 

Livestock, childcare 

Land/land access 

Sharing strategy 2 

(% sharing variation explained) 

Associated resources 

Non-associated resources 

Neighbours & reciprocity 

(20.3%) 

Food and labour 

 

Close-knit Isolated Communities b 

(22.0%) 

Land/land access 

Money, livestock 

Sharing strategy 3 

(% sharing variation explained) 

Associated resources 

Non-associated resources 

Young, MDG Receivers b 

(18.6%) 

Land/land access 

Money 

Male Networks 

(19.3%) 

Land/land access 

Childcare 

a, b Sharing strategies “Kinship” (italics) and organized around sub-communities (underlined) are 

common in both communities. 

 

I began the construction of sharing strategies with the same set of variables in 

each community; however, some variables that were excluded based on 

CATPCA procedural requirements differed by community. Hence, the sharing 

strategies characterising each community differ (Table 13). In Natarbora, 

reciprocity and propinquity explained 20% of the resource transfer variation 

but not in Ossu. In Ossu, unlike Natarbora, respondent’s and alter’s sex 

explained 19% of the resource flow variation in the strategy that I refer to as 

“Male Networks.” In the following discussion, I discuss these similarities and 

differences in sharing strategies between Natarbora and Ossu in relation to kin 

selection, reciprocal altruism, mutually shared characteristics, and the 

geographical organisation of each of the communities.  
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 Similarities in sharing strategies. 

 Kin selection is associated with money, livestock, and children. 

Kinship preference explained the largest amount of resource sharing variation 

in Natarbora (26%) and Ossu (27%). In economically developed communities, 

cash gifts (Tifferet et al., 2018) and inheritance (Judge & Hrdy, 1992) are 

predominantly directed towards kin. In traditional societies, kin are associated 

with food sharing (Jaeggi & Gurven, 2013a), allomaternal care (Hawkes et al., 

1997; Kramer & Boone, 2002; Meehan, 2005; Crittenden & Marlowe, 2008; 

Wood & Marlowe, 2013), seed sharing (Tadesse et al., 2017) and labour 

(Abizaid et al., 2015). Not only is the focus on kin evident from the reported 

exchanges in both Natarbora and Ossu, but it is a part of the emic explanation of 

behaviour as well. However, a nuance of the two populations is the slightly 

different conceptions of what constitutes “close kin”. In Ossu, only immediate 

family are expected to help, whereas in Natarbora, perceived kin affiliation is 

more widespread and everyone in the community is expected to help.  

 

“Family are obliged to help one another, and everyone in 

Natarbora is my family.” (local famer and business owner, 

Umaboku, Natarbora 2016) 

 

“It is traditional culture to help your family. Only your family but 

all those in Natarbora are your family. Family is not the same as 

parenti (ancestors). You have an obligation to help back to 

relations that share grandparents with you. [Family] also includes 

family who marry in – so your sister’s husband’s family are your 

family too!” (Xefe suku (village head), Abatoan, Natarbora 2016) 

  

“People may help for one or two days to, for example, build a house 

but any more time and you have to pay them – except for family. 

Mothers, fathers, brothers, and sisters will help for free. Aunts, 
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uncles and cousins will help for a day or two and then you must pay 

them too.” (local farmer and veteran, Ossu villa, Ossu 2016) 

 

“I will only ask my family for help, not others. I always repay what I 

borrow but I will not need to repay close family. Close family 

includes relatives who share grandparents.” (local farmer, Uaibua, 

Ossu 2016) 

 

In both Natarbora and Ossu, kin share ecologically or culturally valuable 

resources. In both communities, kin are more likely than unrelated individuals 

to share money (p. 48). Kin are more likely than unrelated individuals to share 

livestock in Natarbora and child care in Ossu. In Timorese culture, money and 

livestock are valuable resources. Money is particularly hard to come by (pers. 

comms) and a young adult male cow can sell from anywhere between US300-

1000 depending on the size, colour (red is more valuable) and the presence of 

horns (pers. comms). In patrilineal groups, buffalo and cattle are also 

traditional sources of wealth that are used to pay bride price (Clamagirand, 

1980; McWilliam, 2010). If money or  livestock given to kin is not reciprocated, 

inclusive fitness benefits may still occur and thus reduce the fitness cost of 

sharing (Hamilton, 1964). In this study, kinship-based sharing strategies are 

independent from other sharing strategies and explain the majority of variation 

(see Table 13) so un-repaid money or livestock sharing through sharing 

strategies other than kin would incur a (potentially large) fitness cost.  

 

In Ossu, sharing of child care through “Kin” (p. 48) may help offset some of the 

costs of child-rearing in a form of cooperative breeding (Hrdy, 2007). The long 

period of dependence often results in multiple dependent offspring and higher 

childrearing costs (Emery Thompson, 2013). Cross-culturally, dependence on 

agriculture independently predicts higher fertility (Sellen & Mace, 1997); 

therefore, we might expect agricultural women to have higher reproductive 

costs (than other subsistence modes) and a greater need for allocare. Ossu 
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women have total fertility rate of 5.80 births per woman with an average 

interbirth interval of 29.5 months (Sumich, 2015) indicating that Timorese 

women have high reproductive costs and could benefit from sharing childcare. 

Allomaternal care provided by kin involves an investment in individuals’ 

inclusive fitness (Hamilton 1964); therefore, Timorese may benefit from 

looking after related children by increasing their own inclusive fitness. 

Crittenden & Marlowe (2008) urge caution in assuming that kin selection is the 

primary motivation for providing allomaternal care because kin are more likely 

to co-reside (Verdery et al., 2012), which increases the opportunity for helping 

(Griffin & West, 2002). However, data in the present study excluded events of 

helping behaviour that involved individuals living within the focal household so 

what is recorded as sharing child care is across households.   

 

Child fostering as a complete replacement of, rather than supplement to, 

maternal care is also a form of cooperative breeding (Scelza & Silk, 2014). In 

this study, child fostering was described separately to other sharing strategies 

because fostering occurs over a different period than other forms of help (p. 

39). In Natarbora and Ossu, 77.2% and 62.9%, respectively, of child fostering 

events involved cognatic kin (p. 39). Relatives with the highest degree of 

relatedness (r =0.5) to foster children’s parents were the most frequent alters 

for fostering in both Natarbora (74.2%) and Ossu (71.7%). Additionally, 78.6% 

and 68.5% of adults engaged in fostering relationships in Natarbora and Ossu 

were intergenerational. Most fostering involves fostering out children from 

parents to grandparents. Lastly, fostering more commonly occurs between 

female alters in both Natarbora (68%) and Ossu (62%) indicating that 

grandmothers rather than grandfathers are negotiating fostering arrangements 

with parents of foster children. Grandmothers can increase their inclusive 

fitness by investing in grandchildren, particularly if they are no longer 

reproductive (Hawkes et al., 1997). Cross-culturally, maternal grandmothers 

are the most consistent allocarers (Sear & Mace, 2008). Descriptive statistics 

for fostering networks in Natarbora and Ossu suggest that fostering is 
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consistent with the ecological literature where maternal grandmothers are the 

primary allocarers. 

 

 Geographical organisation is associated with land/land access.  

The location of sub-communities in which respondents live was important in 

explaining variation in resource sharing. In Natarbora, living in the MDG and 

receiving land/land access but not money from older individuals who live 

elsewhere explains 18% of the sharing variation and appears to be associated 

with need-based sharing. The MDG “village”, is comprised of two-bedroom 

prefab-walled homes on small blocks with no agricultural land and is often 

inhabited by families who have split off from larger and poorer households in 

surrounding sub-communities when the original family became too large and 

difficult to support in one home (Judge pers. comms.). Seventy percent of rural 

Timorese are reliant on subsistence agriculture (World Food Program, 2016); 

therefore, MDG households, who have no associated agricultural land, need to 

identify other subsistence means to support themselves. Sharing land access 

with these poorest households may provide the means of food production in a 

form of needs-based sharing. This is consistent with food sharing which is often 

given on a ‘needs’ basis among the reservation Ache (Allen-Arave et al., 2008) 

and the Mayangna and Miskito horticulturalists (Koster & Leckie, 2014).  

 

“Young MDG receivers” are positively but non-significantly associated with 

labour sharing (p. 50) as well as receiving land access indicating that MDG 

household without land may receive land access from other households in 

return for their labour contributions. In Timor-Leste, land typically passes 

between family members; therefore, we might expect that “young MDG 

families” are receiving land from kin. However, “Kin” do not share land/land 

access (p. 48). In this study, a high proportion of land sharing events (40%) 

describe land access (i.e., land to use but not own) and explain why land is 

associated with sharing amongst non-kin. Since these land access giving 

households are unrelated to poorer receiving MDG households, poorer MDG 
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households may be expected to ‘repay’ with what they can afford to give – that 

is, labour. However, this reciprocal relationship does not appear to be as strictly 

reciprocal as for resources associated with the sharing strategy of “Neighbours 

and Reciprocity.” 

 

Propinquity can reduce the energy, time and travel cost of sharing (Nolin, 

2010); therefore, isolated communities may be more likely to share with others 

who are nearby in order to reduce these costs. Propinquity is associated with 

more food sharing among the Ache  and the Hiwi (Gurven, 2006), and the 

Lamalera (Nolin, 2010), more seed sharing among poorer smallholder farming 

households in Cameroon (Wencélius et al., 2016), and greater alliance strength 

among the Conambo (Patton, 2005). In Ossu, geography explains 22% of 

variation in resource transfers with Kai uai hoo households sharing land/land 

access, but not money, with their neighbours (Ossu sharing strategy 2, Table 

13). Kai uai hoo is the most isolated sub-community in our Ossu study site 

(Figure 3) and no sub-community in Natarbora is as isolated as Kai uai hoo is in 

Ossu. Throughout rural Timor-Leste, as in Ossu, travel is problematic due to the 

poor condition of rural roads (Asia Development Bank, 2011), particularly 

during the rainy season (Chongvilaivan et al., 2016), and lack of personal 

motorised transport (75.3%) (General Directorate of Statistics et al., 2018b). 

Kai uai hoo households may be more likely to share amongst themselves to 

avoid the cost of travelling to share with members of other Ossu sub-

communities.  

 

Kai uai hoo households may share land and not money because their distance 

from Ossu villa excludes them from major cash economies, making Kai uai hoo 

households reliant on agricultural income over cash income and potentially 

disadvantaging those households without land. Most major economic activity in 

Ossu such as salaried employment with, for example, the district 

administration, the clinic, the police, and many of the schools, as well as access 

to the major marketplace, occurs in Ossu villa. Kai uai hoo is 7kms away from 

Ossu villa at 400m elevation; therefore, we would expect most Kai uai hoo 



Section One: Social networks in rural Timor-Leste 

63 
 

households to be more reliant on agricultural income than cash income. In 

2017, more Kai uai hoo residents accessed agricultural income (38%) than did 

Ossu villa residents (0%) and more Ossu residents accessed wage income 

(90%) than did Kai uai hoo residents (75%) (unpublished data) indicating that 

Kau uai hoo residents are more dependent on agricultural income than Ossu 

villa residents. For those Kai uai hoo households without access to land, 

subsistence could be very difficult. For example, many households in Ossu were 

moved to live closer to the main road and town centres during the Indonesian 

occupation which increased the distance between their current residences and 

gardens in their traditional residences (Thu & Judge, 2017). Land access 

transfers to Kai uai hoo community members who are distant from their 

traditional land could be important and easily accessible means of subsistence. 

Like MDG families in Natarbora, Kai uai hoo households may ‘repay’ land access 

with labour contributions as indicated by the positive but non-significant 

relationship of “Close-knit Isolated Households’ with labour sharing (p. 50). Kai 

uai hoo households are more reliant on agricultural income due to their 

distance from Ossu villa; therefore, land transfers may function to provide land 

access to those Kai uai hoo households who live at a distance to their traditional 

gardens and would otherwise be disadvantaged.  

 

Seeds are not associated with any of the sharing strategies in either community. 

Seed shortages are likely to be a community level problem rather than a 

household level problem and thus, widely experienced. Thirty-eight and 25% of 

all seed sharing events involved institutions in Natarbora and Ossu, 

respectively and were removed from the analysis. Seeds are not associated with 

moving between households because the dominant strategy is to receive or 

purchase them from the government or other local NGOs when there is a 

community level need (da Costa et al., 2013). Removing those seed transfers 

that involved institutions may have reduced interhousehold variation in seed 

sharing such that seeds are not associated with any sharing strategy.  
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 Differences in the structure of sharing strategies. 

 Reciprocity among neighbours is associated with food and labour. 

Reciprocal altruism (Trivers, 1971) is well established in human evolutionary 

theory as important for the sharing of food (Patton, 2005; Hames & McCabe, 

2007; Allen-Arave et al., 2008; Nolin, 2010; Crittenden & Zes, 2015) and labour 

(Abizaid et al., 2015; Tadesse et al., 2017). Sharing between neighbours is 

commonly reported regardless of subsistence type, from foragers (Gurven et al., 

2000b; Gurven et al., 2002; Ziker & Schnegg, 2005) to horticulturalists (Patton, 

2005; Hames & McCabe, 2007) to agriculturalists (Wencélius et al., 2016). 

Sharing between neighbours is expected because proximity of households 

results in a high frequency of interaction (Nolin, 2010) and thus opportunities 

to engage in reciprocity (Trivers, 1971). Reciprocal sharing buffers shortfalls in 

nutrition (Kaplan et al., 1985; Jaeggi & Gurven, 2013a). Neighbouring 

households might be more likely to share resource constraints because 

conditions such as variations in rainfall on crop yield; however, neighbouring 

households do not necessarily have the same access to household level 

resources such as cash income or agricultural labour. This ease of access to and 

interaction that neighbours provide is widely recognised in Natarbora as 

important to their community culture.  

 

“Vizinus (neighbours) are also important [in addition to family] 

because they can help quickly – you see them all the time, rather 

than having to ask family in Same or Dili” (Xefe suku, Abatoan, 

2016).  

 

“Vizinus (neighbours) are important because they live close by and can 

help you quickly” (local Timorese farmer, Abatoan, 2016) 

 

Where kin live nearby, propinquity may be a spurious covariate (Gurven et al., 

2002; Patton, 2005); thus, when other explanatory variables are controlled, 

propinquity loses its significance. In other cases, propinquity predicts food 
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sharing behaviour independently of kinship (Ziker & Schnegg, 2005; Nolin, 

2010). In rural Timor-Leste, food and labour are shared with neighbours 

independent of kinship. However, propinquity and reciprocity are associated; 

thus, it is expected that there will be give and take once a sharing relationship 

begins between unrelated neighbours.  

 

 Male networks are associated with labour and land/land access. 

The tendency of males to share with males (in network analysis often referred 

to as homophily) explains a significant proportion (19%) of sharing variation in 

patrilineal Ossu and is associated with receiving labour and land/land access. 

The tendency to form relationships with individuals who share one’s attributes 

is a well corroborated phenomenon in social network analysis (McPherson & 

Smith-Lovin, 1987; McPherson et al., 2001; Smith et al., 2014). In Timorese 

culture, land traditionally passes between kin, from older to younger 

generations (McWilliam, 2010) and, in Ossu, this intergenerational transfer 

follows the male line (Thu & Judge, 2017). Land/land access in Ossu is 

associated with sharing between males who are not kin because “Kin” and 

“Male Networks” are independent of one another. This may be because 

reported land transactions included events of access (38%) as well as transfer 

of land ownership. Land must be worked to be useful to households. Modern 

farming technology in Ossu or Natarbora is rare; thus, most fields are ploughed 

by hand (pers. obs.). In these cases, male labour is critical; thus, those families 

with land but not the labour to work the land, receive labour from other men in 

the community. Households may be receiving labour or land depending on their 

current availability of each.  

 

 Analysing personal networks 

This study used a personal network approach to characterise resource sharing 

patterns for 7 different resource types in rural Timor-Leste. A personal 

network research design avoids breaking the statistical assumption of 

independence and logistical constraints on interviewing an entire network 
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(Halgin & Borgatti, 2012). Most studies using a personal network research 

design are predominantly descriptive (Wencélius et al., 2016; Tadesse et al., 

2017; Nunan et al., 2018) or are interested in how network description 

influences another dependent variable, not in the sharing patterns themselves 

(Adams et al., 2002; Madhavan et al., 2003; Moestue et al., 2007; Sadri et al., 

2018). The few studies that include more than one resource type (Essock-Vitale 

& McGuire, 1985; Adams et al., 2002; Madhavan et al., 2003) aggregate them 

into emotional, material, cognitive and practical support and may exclude 

potentially significant variation in alter characteristics (Perry et al., 2018). I use 

categorical principle components analyses to statistically reduce variables 

(Nordman & Pasquier-Doumer, 2014) and multilevel modelling to account for 

the nested nature of alters within household personal networks (Perry et al., 

2018), thus extending beyond descriptive analyses and linking sharing 

strategies with resource types.  

 

 Summary and conclusions 

This study used a personal network analysis methodology to extend past 

qualitatively descriptive characterisation of networks and to compare the 

sharing strategies in two rural communities of Timor-Leste. It is rare to 

investigate the sharing of more than one resource simultaneously in the same 

community. In this study, I investigate how sharing strategies varied across 

seven different resources which provided evidence for exchange of different 

resources between households. I provide a method of network examination 

where community logistics constrain analyses to a personal rather than 

complete networks and for those researchers who are interested the flow of 

multiple resource types in the same population. 

 

Kin selection explains most of the variation in sharing in both Natarbora and 

Ossu. Kinship is associated with sharing valuable resources such as money 

(Natarbora and Ossu) or child care (Ossu). Both Natarbora and Ossu have 

sharing strategies that are exclusive to specific sub-communities; MDG 
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residents (Natarbora) and Kai uai hoo households (Ossu) associated with land 

and land access but not money. Despite some commonalities, Natarbora and 

Ossu exhibit locally nuanced sharing strategies. Consistent with the literature, 

expected reciprocity (Natarbora) and propinquity (Natarbora and Ossu) 

explain a substantial proportion of sharing variation after kinship. In 

Natarbora, reciprocity and propinquity are associated with food and labour. In 

Ossu, reciprocity drops out of the sharing strategies model and “Male 

Networks” explain a substantial proportion of sharing variation which is 

reflective of Ossu’s patrilineal social organisation. These results indicate that 

kinship is the largest explanation of sharing in both Timorese communities. 

Following kinship, sharing patterns within Timor-Leste are substantially 

influenced by differences in local ecology.  
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Section 2: Social networks and 

children’s growth in Natarbora 

and Ossu 

 

 Literature Review 

 Social networks and their role in human life history strategy 

Cooperation, in the form of resource sharing, is ubiquitous across human 

populations (Apicella et al., 2012; Jaeggi & Gurven, 2013a) and is inextricably 

linked to the human life history (Kaplan et al., 2009; Gurven et al., 2012). For 

most organisms, personal energy budgets cover the costs of growth, 

maintenance and reproduction across their lifespan (Hill & Kaplan, 1999). In 

social organisms like humans, there can be more flexibility in energy budgets 

through resource transfers (Gurven et al., 2012).  

 

For human mothers with overlapping dependent offspring, the added energy 

budget flexibility available through cooperation is particularly important. When 

interbirth intervals are short, allocating energy to nursing a new infant 

energetically constrains a mother’s subsistence efforts (Panter-Brick, 1989; 

Hawkes et al., 1997) and thus, constrains allocation of food resources to the 

preceding child(ren). In some economies, children may produce some of their 

own calories and produce household resources through their labour (Kramer & 

Boone, 2002; Crittenden et al., 2013); however, they remain largely dependent 

on others (Hawkes et al., 1995; Kramer, 2011). As such, subsidies from other 

individuals (allocarers) can supplement children and reduce the costs of a new 

sibling to the preceding child (Hawkes et al., 1997; Kramer & Boone, 2002). 

Thus, mothers depend on help from others to successfully rear their children 

(Robson et al., 2006; Hrdy, 2007) and allocare is a cross-culturally ubiquitous 

trait. Allocare can include holding (Ivey, 2000; Meehan, 2005; Crittenden & 
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Marlowe, 2008), social interaction such as play (Ivey, 2000; Meehan, 2005), and 

watching or physical proximity (Ivey, 2000; Meehan, 2005). In contrast, 

indirect contributions to allocare can come from resource contributions to the 

household such as food (Koster & Leckie, 2014) which increase general 

household resources available to children, or labour (Hames, 1987) which can 

reduce the amount of domestic work required by parents, thereby increasing 

time they can invest in children, or by children themselves. Table 14 

summarises the major studies that investigate direct and indirect contributions 

to allocare and how they influence children’s fitness. While mothers require 

help from others to raise children to maturity, who helps, how they help and 

their influence on children’s fitness is dependent on the ecology and mode of 

subsistence (Table 14). 
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Table 14. Studies on the allocare contributions of different types of kin and their effect on individuals’ fitness and/or received parental investment.  

Country Ecology Population Author(s) Allocarer Independent 

variables 

Effect Dependent variable (fitness component) 

Cross-cultural  

review 

(Sear & Mace, 

2008) 

Grandmother Presence 

maternal/pater

nal  

+/- 

Varies 

with 

ecology 

Child survival 

Siblings Presence older 

siblings 

+ Child survival 

Grandfather Presence 

maternal/pater

nal 

0 Child survival 

Review (Lawson & 

Mace, 2011) 

Siblings Total number +/-  

Varies 

with 

ecology 

Offspring fitness (survival, marital success, 

fertility) 

Argentina Hunter-

gatherers 

Toba (Bove et al., 

2002) 

Siblings Presence female 

offspring 3-15 

years 

+ 

- 

% nursing mother’s time spent in social activity 

% nursing mother’s time spent in domestic work 

Bolivia Forager-

horticulturalists 

Tsimane (Winking et al., 

2011) 

Father Presence + Child survival 

Aka Grandmother Presence – Maternal energy expenditure 
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Central 

African 

Republic/ 

Republic of 

the Congo 

Hunter-

gatherers 

(Meehan et al., 

2013) 

Father Presence + 

– 

Maternal energy expenditure 

Maternal direct care 

Ecuador Forager-

horticulturalists 

Shuar (Hagen et al., 

2006) 

Siblings Consumer to 

producer ratio 

– Child height-for age 

Child weight-for-age 

Ethiopia Agro-

pastoralists 

Oromo (Gibson & Mace, 

2005) 

Grandmother Maternal and 

paternal alive 

One alive 

Matrilocal 

residence 

 

Maternal alive 

Matrilocal 

residence 

 

Any above 

+ 

 

+ 

+ 

 

 

+ 

– 

 

 

0 

Child survival to age 3 years 

 

 

 

 

 

Height-for age 

 

 

 

Weight-for-height 

Gambia Agriculturalists  (Sear et al., 

2000; Sear et al., 

2002) 

Grandmother Presence of 

maternal  

Presence of 

paternal  

 

+ 

0 

 

 

 

+ 

Child survival age 2 years 

 

 

 

 

Child nutritional status 
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Presence of 

non-

reproductive 

maternal  

Siblings Presence elder 

sister(s) 10 yrs. 

+ 

Presence elder 

brother(s) 10 

yrs. + 

+ 

 

0 

Child survival 2+ years old 

Father Presence 0 

0 

Child survival 

Child nutritional status  

India Agriculturalists  Khasi 

(matrilineal)  

 

 

 

 

Bengali 

(patrilineal) 

(Leonetti et al., 

2005) 

Grandmothers Absence 

maternal 

 

Presence 

paternal 

 

Absence 

paternal 

+ 

 

 

0 

 

 

0 

+ 

Infant mortality  

 

 

Child mortality (age 1-10)  

 

 

Infant mortality,  

Child mortality (age 1-10)  

Kenya Agro-

pastoralists 

Kipsigis (Borgerhoff 

Mulder, 1998) 

Siblings #Brothers 

#Sisters 

 

#Brothers 

– 

+ 

 

0 

Parental investment in a male child 

 

 

Parental investment in a female child 
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#Sisters 

 

Birth order 

0 

 

+ 

 

 

Parental investment 

Aunts and 

Uncles 

#Brothers 

#Sisters 

 

#Brothers 

#Sisters 

– 

+ 

 

0 

0 

Men’s reproductive success 

 

 

Women’s reproductive success 

Malawi Agriculturalists Chewa (Sear, 2008) Grandmother Presence 

maternal 

 

Presence 

paternal 

– 

 

 

+ 

Child survival (girls) 

 

 

Child survival (living in the same village) 

Siblings Presence elder 

sister(s) 

 

Presence elder 

brother(s) 

+ 

 

 

+ 

+ 

Child survival 

 

 

Child survival 

Child survival in households where men own 

land 

Father Death 

Divorced 

0 

– 

Child survival 

Aunts and 

Uncles 

Presence 

maternal aunt 

– 

 

Child survival (in households where women 

own land) 
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Presence 

maternal uncle 

Presence 

paternal uncle 

 

0 

 

0 

 

Child survival 

 

 

Mali Agriculturalists Dogon (Strassmann & 

Gillespie, 2002) 

Siblings Total number – 

 

Child survival 

(Strassmann, 

1997) 

Father Polygyny – Child survival 

Mexico Agriculturalists Maya (Kramer & 

Boone, 2002) 

Siblings Parental labour 

deficit for family 

size 

– Children’s age at net production 

Paraguay Hunter-

gatherers 

Ache (Hurtado & Hill, 

1992; Hill & 

Hurtado, 1996) 

Father 

 

Presence + Child survival 

Tanzania Hunter-

gatherers 

Hadza (Hawkes et al., 

1997) 

Grandmother Foraging time of 

maternal   

+ 

+ 

Child’s weight changes  

Youngest child’s weight changes  

(Marlowe, 1999; 

Marlowe, 2003; 

Wood & 

Marlowe, 2013) 

Father Male care 

(direct & 

foraging effort) 

 

+ 

– 

 

 

– 

Biological children (compared to stepchildren) 

#Single, fertile women present in camp 

 

 

Husband foraging returns of non-shared foods. 
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Nursing female 

foraging 

returns.  

Married men 

Married men 

with children 

 

 

+ 

+ 

 

 

Foraging returns 

Horticulturalists Pimbwe (Hadley, 2004) Aunts and 

Uncles 

# Maternal 

brothers and 

sisters 

+ Weight-for-age 

 

Venezuela/ 

Colombia 

Hunter-

gatherers 

Hiwi (Hurtado & Hill, 

1992) 

Father Presence 0 Child survival 
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Most studies examining the influence of social networks on child outcomes 

examine supplemental care (allocare) and the movement of resources, such as 

food, towards children; however, sometimes children move (i.e., fostering) 

which can differentially impact their fitness compared to non-fostered children 

depending on whether the resources in the new household adequately replace 

parental investment. If women cannot successfully support all of their children, 

they may foster out their children (Scelza & Silk, 2014) as a complete 

replacement of maternal care to increase their own reproductive success. For 

example, Himba women of Namibia who foster out their early born children 

have significantly more subsequent births than women who do not (Scelza & 

Silk, 2014). Fostering households may accept foster children because foster 

children contribute to household labour (Hedges et al., 2019) and childcare 

(Ivey, 2000). Among the Sukuma, foster children are more likely to do farm 

work than biological children (Hedges et al., 2019) and Efe foster children 

spend more time providing allocare than non-sibling children (Ivey, 2000). 

Among the Himba, fostered in to help the foster household with domestic tasks 

are more likely to be stunted than non-fostered children (Scelza & Silk, 2014) 

indicating that foster children may expend additional energy beyond non-

fostered children on domestic tasks which diverts energy away from growth. 

Additionally, discrimination against foster children by foster parents in favour 

of biological children (Silk, 1980; Marlowe, 1999) may result in lower access for 

foster children to the necessary resources for growth.  

 

 Why investigate the effect of social networks and not of individual allocarers? 

The nature of allocarers and their effects on child survival or growth are related 

to variation in conditions and ecologies. Related allomothers such as 

grandmothers (Hawkes et al., 1997; Sear et al., 2002; Gibson & Mace, 2005; Sear 

& Mace, 2008), siblings (Kramer & Boone, 2002; Sear & Mace, 2008) and fathers 

(Marlowe, 2003; Winking et al., 2011) can be critical social relationships for 

children and can help mothers due to inclusive fitness benefits (Hamilton, 

1964) but are not always reliable.   
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Grandmothers are common allocarers (Table 14) and benefit from increasing 

their own inclusive fitness (Hamilton, 1964).  Paternal kin are less certain about 

their relationship to offspring and grand-offspring (Euler & Weitzel, 1996; 

Gaulin et al., 1997; Danielsbacka et al., 2011) which may undermine their 

investment in children (Hamilton, 1964). Maternal grandmothers are 

associated with better children’s outcomes among the Hadza foragers, Pimbwe 

horticulturalists and Gambian and Ethiopian agriculturalists (see Table 14 for a 

summary). Maternal grandmothers can improve grand offspring success to 

such an extent that women’s life history has evolved to allow for menopause 

(Hawkes et al., 1998); however, positive effects of grandmothers are attenuated 

when grandmothers are still reproductive (Sear et al., 2000) or when resources 

are not difficult to extract (Hawkes et al., 1998; Hadley, 2004). While 

relationships with grandmothers are generally positive for child outcomes, the 

extent of this effect depends on relatedness certainty, ecology, and reproductive 

status; therefore, relying solely on grandmothers to reduce mothers’ costs of 

child rearing is risky.  

 

Children can cooperate with parents through their own labour contributions 

(Kramer & Boone, 2002; Kramer, 2011) and can improve their younger siblings’ 

survival (Sear, 2008; Sear & Mace, 2008); this is particularly true of elder 

sisters (Bove et al., 2002; Sear et al., 2002). Children can also compete with 

their siblings for parental resources (Trivers, 1972) such that children in 

families with many children may have poorer fitness outcomes (Strassmann & 

Gillespie, 2002; Meij et al., 2009). Where wealth and property can be 

accumulated and influence social standing (e.g., agriculturalists and 

pastoralists), siblings are more likely to be in resource competition with one 

another and their siblings’ children (Borgerhoff Mulder, 1998; Sear, 2008). In 

populations where resource accumulation is more difficult (such as hunter-

gatherers or horticulturalists), siblings are more likely to cooperate (Hadley, 

2004). For example, the patrilineal Kipsigis invest less in sons with many 

brothers and more in sons with many sisters and the effect of these investment 

patterns influence later reproductive success (Borgerhoff Mulder, 1998). For 
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the horticultural Pimbwe, a woman’s number of siblings is positively associated 

with their children’s weight-for-age (Hadley, 2004). As populations transition 

to market economies, education takes children away from the farm and reduces 

their labour contributions (Bock, 2002; Admassie, 2003); thus, relying solely on 

children to assist mothers with childcare can be unreliable. Like grandmothers, 

the contribution of children to their sibling’s fitness varies with ecology. 

 

The importance of fathers to child fitness varies with ecology (Table 14); 

however, fathers may be unreliable allocarers (investment in quality offspring) 

when additional mating opportunities are available (investment in quantity of 

offspring). Parents face a trade-off between parenting and mating effort 

(Trivers, 1972); thus, mixed findings for paternal care may be due to 

differential opportunities for additional mating such as more single fertile 

women in camp (Marlowe, 1999) or opportunity for co-wives (Borgerhoff 

Mulder, 1990; Strassmann, 1997). Additionally, hunter-gatherer men can give 

away hunting achievements (Kaplan et al., 1985; Patton, 2005) or have poor 

hunting luck; thus, relying solely on mates is a risky strategy for women.  

 

Unrelated individuals provide a substantial amount of care (Ivey, 2000; 

Crittenden & Marlowe, 2008; Meehan et al., 2014) and investigations into the 

allocare contributions of specific family members do not account for care from 

these unrelated individuals. For example, Hadza children are held by unrelated 

allocarers 12.4% of the time (more than any other single category of 

allomother) (Crittenden & Marlowe, 2008). Similarly, Efe children are cared for 

by unrelated individuals 33.5% of the time (Ivey, 2000) and Aka children in 

larger camps (excluding the most common allocarers of children’s full/half 

siblings, father and grandmother) have higher weight-for-age (Meehan et al., 

2014). Unrelated individuals may be motivated to provide direct allocare by 

reciprocity (Trivers, 1971). 
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Between unrelated reproductive individuals, helping may be explained by in-

kind reciprocity or not-in-kind reciprocity. In-kind reciprocity involves, for 

example, a mother taking care of a second mother’s child one day while the 

second mother is out foraging or performing domestic or agricultural tasks and 

the next day the first mother goes out and has her child taken care of by the 

second mother (Crittenden & Marlowe, 2008). Among the Agta, in-kind 

reciprocity is common where households are more likely to provide child care 

to households who have provided childcare in the past (Page et al., 2019) and 

reciprocity is a stronger predictor of future childcare between unrelated than 

between related households (Page et al., 2019). Alternatively, not-in-kind 

reciprocity would involve a mother taking care of a second mother’s child while 

the second mother forages, and the first mother receiving a portion of the 

foraged food. Not-in-kind reciprocity is difficult to measure because it requires 

measurement of sharing across multiple domains (i.e. food, labour, allocare et.) 

which is uncommon in anthropological studies of sharing (Kasper & Borgerhoff 

Mulder, 2015). Among the Pimbwe, there is evidence for not-in-kind reciprocity 

(Kasper & Borgerhoff Mulder, 2015). In both examples, both mothers are able 

to perform all their tasks; therefore, reciprocity in either form can contribute to 

reducing a mother’s workload.  

 

Collectively, these findings demonstrate that all members of a child’s 

community have the potential to influence children’s fitness. Human children 

are embedded in families which are further embedded into the wider 

community. Where individuals share resources with kin and non-kin, we would 

expect that cooperation in the wider community would influence what is 

available to parents (parents’ social networks) and be predictive of children’s 

fitness (Meehan et al., 2014). Thus, these relationships should be considered in 

studies investigating the influence of direct or indirect allocare on child fitness. 
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 Social networks and children’s growth 

Children’s fitness has been addressed in the context of wider (i.e., beyond kin) 

social networks (Adams et al., 2002; Moestue et al., 2007; Meehan et al., 2014).  

Larger social networks are associated with increased child (1-5 years) survival 

among the Fulbe of Mali (Adams et al., 2002) and the Pimbwe of Tanzania 

(Hadley, 2004). Additionally, larger social networks are associated with proxies 

for fitness such as higher height-for-age in India children (Moestue et al., 2007), 

and higher weight-for-age among the Pimbwe (Hadley, 2004) and the Aka 

children (Meehan et al., 2014). Impoverished households benefit from social 

networks more than do wealthier household (Adams et al., 2002; Hadley, 2004; 

Moestue et al., 2007); however, studies do not consistently apply the same 

measurements of social networks making it difficult to disentangle possible 

mechanisms through which social networks influence children’s fitness.  

 

Most studies investigating the influence of social networks on children’s growth 

do not differentiate who is available to help mothers and actual help given 

and/or received by mothers. Three studies use standardised child height in 

their investigation of the influences of mother’s social networks on child 

outcomes. Among the Pimbwe, children of mothers who had more brothers and 

sisters (a larger social network) had higher weight-for-age than children whose 

mothers had a smaller social network (Hadley, 2004). Using the number of 

mother’s brothers and sisters excludes grandmothers and unrelated 

individuals. Among the Aka, children living in larger camps (a larger social 

network) had higher weight-for-age than children with smaller social networks 

(Meehan et al., 2014). Using camp size does not differentiate between co-

operators who may vary in their influence on children’s growth. In Andhra 

Pradesh, children whose mothers had a larger network (measured as the 

number of individuals with whom mother’s talk a lot) had higher height-for-age 

(Moestue et al., 2007). To whom mother’s talk does not necessarily reflect to 

who mothers give help and from whom mothers receive help. Additionally, 

children’s anthropometrics were measured 2 years before social networks 

were recorded. This methodology assumes that either children’s growth, 
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mother’s social networks or the relationship between children’s growth and 

social networks do not change over a 2-year period. Measuring social networks 

in real time transfers or as recalled real transfer events (rather than simply 

number of kin/friends/perceived etc.) differentiates between who is available 

to help and actual exchanges provides more nuance to understanding the 

mechanisms through which social networks impact child growth.  

 

 Why measure children’s growth 

Poor child growth is a major global health issue. Worldwide, 49 million children 

under 5 years old show wasting (weight-for-height greater than two standard 

deviations below WHO international standards; (UNICEF et al., 2019) and 149 

million show stunting (height-for-age similarly below standards) (UNICEF et al., 

2019). More than half of these children live in Asia (UNICEF et al., 2019). 

Children in developing countries (transitioning from a pre-industrial to an 

industrial economy) are exposed to seasonal food deficits (Bogin, 1978; Panter-

Brick, 1997; Spencer et al., 2017) and high disease load (Panter-Brick, 1997). 

Poor infrastructure exacerbates these problems (Humphrey, 2009; Ngure et al., 

2014). These affects compound to prevent children from having adequate 

energy to allocate to growth (over maintenance and immune function) 

(Gluckman & Hanson, 2007; Hochberg, 2011). 

 

Despite some indication that social networks positively influence child health, 

the exact mechanisms by which social networks influence child outcomes is 

unclear due to variation in the individual-level measure of child outcomes used 

across studies. Previous studies have utilised self- or mother-reported health 

on a 4- or 5- point scale as the measure of child outcomes (Kana' Iaupuni et al., 

2005; Donato & Duncan, 2011); however, self-assed health is biased by income 

(Etilé & Milcent, 2006), nationality (Jürges, 2007) and awareness of health 

problems (Johnston et al., 2009).  
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Adams and colleagues’ (2002) investigate the effect of mother’s social networks 

on child mortality (age 1-5) which is commonly used, with infant mortality, to 

measure overall population health (Reidpath & Allotey, 2003) and thus is a 

more robust measure of child and population health than scaled self- or 

mother-reported health. Given that adequate focus is directed at improving 

child nutritional outcomes as well as reducing infant mortality (Akachi & 

Canning, 2010), infant mortality is inversely associated with adult height 

(Bozzoli et al., 2009; Akachi & Canning, 2010). However, child mortality fails to 

capture the more nuanced effects of social networks on children for those who 

survive past age 5.  

 

Anthropometric measures such as height and weight (when standardised) 

reflect changes in the nutritional status of a population (Frison et al., 2016). 

Weight, weight-for-height/length, triceps skinfold and mid-upper arm 

circumference are most responsive to short-term nutritional changes within 

populations (Frison et al., 2016). Changes in these measures indicate reversible 

short-term stressors on children (Richard et al., 2012), such as inadequate 

dietary intake (Panter-Brick, 1997; Chikhungu & Madise, 2014) or infectious 

disease (Gluckman & Hanson, 2007; Hochberg, 2011). Reductions in children’s 

weight precede reductions in children’s height (Walker et al., 1996; Dewey et 

al., 2005), as do gains in weight precede greater attainments in linear growth 

(Iannotti et al., 2015). Thus, repeated bouts of wasting can impede gains in 

linear catch-up growth  and contribute to linear growth retardation (Richard et 

al., 2012).  

 

Height/length-for-age is most responsive to long-term change (Frison et al., 

2016). Adult height is a product of cumulative net nutrition (Perkins et al., 

2016). Similarly, children’s height at any point in time represents the same 

cumulative balance up until the present (World Health Organisation & de Onis, 

2006; Richard et al., 2012); thus, stunting indicates a failure to achieve one’s 

growth potential for height. Maternal stunting increases the risk of child 

mortality and child stunting (Özaltin et al., 2010); thus, height also reflects 
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intergenerational influences on child nutrition (Dewey & Begum, 2011; 

Martorell & Zongrone, 2012). Height (Moestue et al., 2007)and weight (Hadley, 

2004; Meehan et al., 2014) are associated with social networks (Hadley, 2004; 

Moestue et al., 2007; Meehan et al., 2014); however, studies that have used 

height and weight as proxies for child fitness lack consistency in their use of 

social network analyses.  

 

 Child growth in Timor-Leste 

Child growth in Natarbora and Ossu is well below international standards (Thu 

& Judge, 2017; Spencer et al., 2018b). Children in Natarbora and Ossu slow 

their growth over the rainy season (Sanders et al., 2014; Spencer et al., 2017) to 

cope with a shortage of resources and boys and girls do not differ in this 

seasonal decline in growth (Spencer et al., 2017). Longitudinal exploration into 

the influences on rural Timorese children’s growth show that individual 

household variables independently predict little of the variation in children’s 

growth (Spencer et al., 2017; Thu & Judge, 2017); however, collections of 

household characteristics are more explanatory (Spencer et al., 2018b). 

Contrary to expectations of foster parents discriminating against foster children 

in favour of biological children (Silk, 1980), Timorese foster children do not 

suffer a growth penalty (Judge et al., 2012; Reghupathy et al., 2012). 

Furthermore, biological children in fostering households grow better than 

biological children in non-fostering households (Judge et al., 2012; Reghupathy 

et al., 2012) indicating that children may move into households with greater 

resources. But household resources are still not strongly related to growth 

overall, which we would expect if children’s growth in fostering households is 

better. Social relationships of giving and receiving are a common coping 

strategy during seasonal food shortages (da Costa et al., 2013; Erskine et al., 

2015) and resources accessed through sharing are included in those earlier 

Timor-Leste studies thus far, therefore sharing networks may help explain 

variation in Timorese children’s growth. Given that children as well as 

resources can move among social networks and that this movement has 

implications for children’s fitness, fostering patterns, in addition to the 
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movement of resources, should be considered in investigating the influence of 

social networks on children’s fitness. In this section I aim to examine whether 

households’ social networks provide explanations of variation in Timorese 

children’s growth in addition to variation explained by household 

characteristics in Natarbora and Ossu.  
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 Aims: how do social networks influence children’s growth 

Aim 1: To assess whether household social networks contribute significant 

explanations of variation in child growth in addition to household 

characteristics. 

 

Hypothesis 1.1. Given that larger household networks are associated 

with better child growth, children in households with a greater breadth 

of social networks (more resource types) will exhibit better growth than 

children in households with more limited breadth of networks (fewer 

resource types).  

 

Hypothesis 1.2. Given that maternal kin have a more consistent positive 

effect on child growth, children in households with long-term (fostering) 

networks including matrilineal kin will exhibit better growth for age 

than children in households with long-term (fostering networks) 

excluding matrilineal kin. 

 

Aim 2: To assess the effect of household social networks on change in child 

growth over the rainy (resource scarce) season.  

 

Hypothesis 2.1. Given that larger household networks are associated 

with better child growth, households with a greater breadth of social 

networks will better buffer children from greater weight loss (z-BMI and 

z-weight) over the resource scarce season. 

 

Aim 3: To assess whether the effect of household social networks on child 

growth differ between matrilineal Natarbora and patrilineal Ossu. 
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Hypothesis 3.1. Given the common finding that maternal kin are 

beneficial to children’s survival and growth, household social networks 

will have a greater effect on children’s growth in matrilineal Natarbora 

than in patrilineal Ossu.  
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 Methods 

The focus of this section of the thesis was to investigate the variation in 

children’s growth between households with and without different types of 

resource networks present in their social networks. Thus, households 

completed the social network interview but reported no social connections 

were included in these analyses. We were precluded from using sharing 

strategies in the following analyses because household who reported no social 

connections did not have any sharing strategies.  

 

 Household interview 

Household demographic structure and resource availability (Appendix J) were 

recorded during a verbal face to face recall interview with the lead female in 

each household. Where the lead female was absent, the interview was 

conducted with her husband or adult daughter. Interviews were conducted by 

CES in the national language, Tetun, with the assistance of a local research 

assistant when necessary. In Ossu, where some households are more 

comfortable speaking Makassae and/or Kai Rui languages, household 

interviews were conducted in Tetun with translation to Makassae or Kai Rui by 

the research assistant as required. 

 

Information on household demographic structure included the age and sex of 

every household member (individuals who ate and slept in the household), as 

well as their relationship to the lead female. Household resource availability 

included household access to cash income (salaries, pensions, and day labour) 

and agricultural practices (whether the household was cultivating a garden or 

rice field, what crops were grown, and animal ownership). The number of 

electrical appliances, water treatment (boiling and/or straining), toilet (none, 

traditional or with water flush system i.e., developed) and the frequency of 

eating eggs were recorded. I recorded the materials of household construction 

(dirt or concrete floors, thatch or tin/tile roof and glass windows).  
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 Growth measurements 

All resident children were measured for height (hard retractable tape to 

0.1cm), weight (electronic scales to 0.1kg), mid-upper arm circumference 

(MUAC, soft tape to 0.1cm) and head circumference (children ≤ 7 years, soft 

tape to 0.1cm) using standard procedures (de Onis et al., 2004). Recumbent 

length was measured for children who were unable to stand unassisted. 

Children were measured without shoes and with a light layer of clothing. 

Mothers’ heights were also measured.  

 

 Data preparation 

 Individual characteristics 

Individual-level variables include the age and biological sex of the child, the 

child’s mother’s height, and the child’s fostering status within the household 

(Appendix K). Children’s ages were cross-checked with previously recorded 

data for consistency. Birth certificates and identification cards were taken as 

correct birth dates; ages were updated when a birth certificate or identification 

card was viewed. Children were classified into age groups for analysis: 0-2 

years, 2.1-5 years, 5.1-10 years, 10.1-15 years, and 15 years or more based on 

Spencer et. al. (2018b). These age groups are partially due to developmental 

stages of children, but also for ease of use with WHO growth standards. WHO 

growth standards for head circumference are only available up to age 5 years 

and for weight-for-age are only available up to age 10 years. 

 

Children whose mothers were not measured (e.g., fostered children) were 

assigned the mean height of mothers in the same community. 

 

Each child was either a biological child in a non-fostering household, a fostered 

child in a fostering household or a biological child in a fostering household.  
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 Household participation in social networks 

Because the primary interest of these analyses was the effect of households’ 

social network on children’s growth, these analyses include households 

receiving from institutions and non-governmental organisations. I counted the 

number of sharing events for each resource type (food, labour, livestock, seeds, 

money, child care, land/land access, healthcare and “other help”) for each 

household. Consistent with Nolin (2010) and Kasper and Borgerhoff Mulder 

(2015), I analyse giving and receiving together for each resource type. Few 

households reported more than one sharing event per resource type for each 

agricultural season (Table 15); thus, network variables that were associated 

with any growth measures at the bivariate level (Pearson correlation, p < 0.1) 

in either agricultural season were re-categorised for linear mixed models as 

absence/presence of a particular resource network (i.e. had participated in any 

exchanges for each of the resource types; Appendix L). ‘No network’ was the 

reference category.  

Table 15. Households (%) with at least 1 sharing events for each resource type (i.e., participating 
in the resource network) in each season and community.  

 Natarbora Ossu 

 Post-harvest 

(2016) 

Post-rainy 

(2017) 

Post-harvest 

(2016) 

Post-rainy 

(2017) 

Food 40.8 54.7 26.3 42.2 

Labour 30.8 36.0 23.7 13.3 

Livestock 13.2 23.3 18.4 10.8 

Seeds 26.4 38.4 14.5 6.0 

Money 24.2 26.7 30.3 28.9 

Child care 13.2 19.8 13.2 20.5 

Land/land 

access 

12.1 20.9 28.9 28.9 

Healthcare 49.5 47.7 40.8 39.8 

“Other help” 17.6 18.6 13.2 30.1 
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 Characterising fostering (long-term) networks by familial organisation  

Fostering relationships are the only networks that cover a timespan longer than 

the preceding month; thus, I use the household’s fostering network as a proxy 

for the household’s “long-term” networks (i.e., networks that the household has 

and can continue to access in the long term). I characterised a household’s long-

term (fostering) network as “never-fostered”, “maternal side only”, “paternal 

side only” or “both maternal and paternal” and relative to generation (“never-

fostered”, “younger generation”, “same generation”, “older generation” and 

“multiple generations”). Fostering relationships were coded by whether the 

fostered child was fostered in or the biological child was fostered out relative to 

the focus household’s maternal or paternal side (i.e., through the household 

biological children’s mother or father); therefore, all fostering relationships 

were characterised by how they related to the biological children in the 

household.  

 

 Characterising household resources 

Household income was categorised as cash income (no access to pension or 

salary, pension only, salary only, pension and salary, and pension and day 

labour, Appendix M). I specified numbers of cows, pigs and chickens owned by 

the household. I summed the different garden crops to measure overall crop 

diversity. Households were characterised as owning no agricultural land, 

currently cultivating the land, owning land but not cultivating it or currently 

fallow but planning to cultivate. The number of different electrical appliances 

provided an index of disposable income/affluence.  

 

In both subdistricts, household resources were surveyed in April 2017 (post-

rainy season). Since seasonality influences child weight (Spencer et al., 2017), I 

measured children in September 2016 (post-harvest) and in April 2017 (post-

rainy). Households for whom household resource data is missing were given 

the mean or modal value (Natarbora households n = 13, Ossu households n = 

13).  
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 Child growth measures 

Three hundred and ninety-eight Natarbora children in 102 households and 420 

Ossu children in 100 households were measured in at least one season, yielding 

1383 child measurement events across both seasons. Measures were 

standardised for age and sex using the World Health Organisation reference 

norms (World Health Organisation & de Onis, 2006) using Anthro and 

AnthroPlus packages in IBM SPSS Version 24 . Z – scores are available up to but 

not including age 19 years for height and BMI, age 10 years for weight and age 5 

years for middle-upper arm circumference (MUAC) and head circumference. 

Thirteen z-scores (≥ 5 or ≤ - 5) were removed as outliers. Outliers are likely to 

be the result of age inaccuracies or measurement error, particularly in the 

height of the youngest children who are more difficult to measure.  

 

Linear mixed models (LMMs) in SPSS exclude cases with any missing values; 

therefore, children whose parents did not participate in the social network 

interview were excluded in that season. Ten Natarbora households (37 child 

measurement events) and 12 Ossu households (78 child measurement events) 

were excluded in at least one season. Final analyses included 1268 child 

measurement events: 636 in Ossu and 632 in Natarbora.  

 

 Statistical analyses 

 Linear mixed models predicting z-height, z-weight, and z-BMI. 

These analyses only included all households who completed the social network 

interview, even those who reported no social network connections, and who 

has at least one child (age < 18 years). Assuming at least 10 cases per variable 

input in the model, the sample size is adequate for these analyses.  

 

We begin these analyses with the same list of variables in both communities 

and use the same process of elimination to reduce variables that are input into 
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the models and to assess model fit. Therefore, the extent that growth models 

differ demonstrations how the effects of social networks on children’s growth 

varies by community.  

 

I used linear mixed models (LMMs) of household resource variables and 

network variables to explain their differential contribution to child growth. 

LMMs allow the inclusion of both continuous and categorical data, and 

household identity was included as a random factor to control for the clustering 

of children within households. Data were analysed separately by community 

and season. I examined correlations of input variables with child growth 

measures on a bivariate level. Those input variables correlated at p ≤ 0.1 with 

any child growth measure in either agricultural season were included in initial 

LMMs. Additionally, I include variables that are theoretically or culturally 

important. International standards for z-MUAC and z-head circumference are 

only available up to age 5 years therefore we only model predictors of z-height, 

z-weight, and z-BMI to increase sample size. Separate LMMs were derived for z-

height, z-weight, and z-BMI. All data analyses were performed using SPSS 

Version 24. 

 

Since I am primarily interested in the contribution of networks to child growth 

beyond individual and household characteristics across two agricultural 

seasons, I follow the following protocol to tease apart the separate effects.  

 

Step 1. I model each dependent variable (each z-score) against 

household variables controlling for child’s sex and age group. 

Step 2. I model child growth against network variables.  

 

At steps 1 and 2, I eliminate variables using backwards reduction of the least 

significant variable until the Akaike’s Information Criterion (AIC) reaches 

minimum value (Konishi & Kitagawa, 1996).  
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Step 3. To examine whether the network improves the household model 

of child growth, I regress child growth against the combined significant 

household variables and network variables from step 1 and step 2, 

respectively.  

 

An AIC decrease of 10 from household model to household and network model 

is considered a significant improvement in model fit (Burnham & Anderson, 

2004). By building up the models as described, we can see the additional 

contribution of resource networks to household-level resources on child 

growth measures (de Miguel Luken & Tranmer, 2010).  

 

 Linear mixed models predicting seasonal change in z-weight and z-BMI.  

Change in z-weight and z-BMI were calculated by subtracting post-harvest 

(2016) standardised growth measures from post-rainy (2017) standardised 

growth measures for each community. In Natarbora but not Ossu, only z-weight 

and z-MUAC varied across seasons. Given that z-MUAC is only available for 

children up to age 5 years, predictors of seasonal change in z-BMI and z-weight 

were modelled using LMMS for Natarbora children under age 5 years only. For 

this smaller sample size (n = 59), initial LMMs included child’s sex, mother’s 

height, and network predictors only. Separate LMMs were constructed for the 

change in each growth measure. Model fit was assessed based on the 

significance of individual predictors of change in z-growth (b and p values) and 

on the lowest AIC (Konishi & Kitagawa, 1996). All data analyses were 

performed using SPSS Version 25. 
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 Results 

 Characteristics of the Natarbora and Ossu children and their growth 

Child growth in the Natarbora subdistrict is below international standards 

(Table 16, panel 1). In the post-harvest season, 30% of children were stunted 

(≥2 SD below the WHO median z-height) and 18.5% were underweight 

(measured as ≥2 SD below the WHO median for z-BMI). A small percentage 

(7.2%) of children were classified as severely malnourished (≥3 SD below the 

WHO median z-height). 

 

Children in the Ossu subdistrict are further below international standards 

(Table 16, panel 2) than Natarbora children. In the post-harvest season, 58% of 

children were stunted (≥2 SD below the WHO median z-height) and 13.7% 

were underweight (as measured by ≥2 SD below the WHO median for z-BMI). 

Eighteen percent of children were classified as severely malnourished (≥3 SD 

below the WHO median z-height). 
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Table 16. Mean WHO z-score (SD) and sample size for five growth measures for each age group included in analyses for the post-harvest (2016) and post-rainy (2017) season in 
Natarbora and Ossu. Values were calculated after outliers were removed.  

 Post-harvest (2016) Post-rainy (2017) 

 Natarbora Ossu Natarbora Ossu 

Age 

(years) 

0-2 

�̅� 

(SD) 

N 

2.1-5 

�̅� 

(SD) 

N 

5.1-10 

�̅� 

(SD) 

N 

10.1-15 

�̅� 

(SD) 

N 

>15 �̅� 

(SD) 

N 

0-2  

�̅�  

(SD) 

N 

2.1-5  

�̅�  

(SD) 

N 

5.1-

10 �̅�  

(SD) 

N 

10.1-

15 �̅�  

(SD) 

N 

>15  

�̅�  

(SD) 

N 

0-2 

�̅� 

(SD) 

N 

2.1-5 

�̅� 

(SD) 

N 

5.1- 

10 �̅� 

(SD) 

N 

10.1- 

15 �̅� 

(SD) 

N 

>15 �̅� 

(SD) 

N 

0-2  

�̅�  

(SD) 

N 

2.1-5  

�̅�  

(SD) 

N 

5.1-

10 �̅�  

(SD) 

N 

10.1-

15 �̅�  

(SD) 

N 

>15  

�̅�  

(SD) 

N 

z- 

BMI 

0.03 

(1.54) 

31 

-0.70 

(1.22) 

52 

-1.15 

(1.10) 

71 

-1.28 

(0.99) 

102 

-1.20 

(1.00) 

58 

0.75 

(1.47) 

21 

-0.58 

(0.96) 

49 

-1.01 

(0.91) 

98 

-1.40 

(0.90) 

99 

-0.85 

(0.81) 

61 

-0.05 

(1.55) 

29 

-0.68 

(0.92) 

43 

-1.15 

(0.94) 

80 

-1.40 

(1.05) 

91 

-1.17 

(0.93) 

41 

0.61 

(1.37) 

20 

-0.47 

(1.07) 

40 

-0.97 

(0.82) 

91 

-1.10 

(1.00) 

92 

-0.72 

(0.93) 

51 

z-

height 

-1.68 

(1.35) 

33 

-1.57 

(0.98) 

52 

-1.36 

(0.85) 

73 

-1.60 

(0.87) 

n = 102 

-1.67 

(0.96) 

58 

-2.43 

(1.27) 

23 

-2.21 

(1.14) 

50 

-2.08 

(0.82) 

98 

-2.22 

(0.87) 

99 

-1.97 

(0.84) 

61 

-2.22 

(1.23) 

30 

-1.77 

(1.04) 

43 

-1.28 

(0.93) 

80 

-1.68 

(0.86) 

91 

-1.57 

(0.93) 

41 

-2.67 

(1.05) 

21 

-2.48 

(0.80) 

41 

-2.06 

(0.70) 

91 

-2.17 

(0.90) 

92 

-2.05 

(0.79) 

51 

z-

weight 

-0.97 

(1.30) 

34 

-1.47 

(1.04) 

54 

-1.63 

(0.99) 

71 

a a -0.84 

(1.51) 

23 

-1.82 

(0.90) 

50 

-2.05 

(0.96) 

97 

a a -1.48 

(1.26) 

35 

-1.60 

(0.90) 

43 

-1.58 

(0.97) 

80 

a a -1.38 

(0.88) 

25 

-1.90 

(0.82) 

41 

-2.03 

(0.83) 

91 

a a 

z-

MUAC 

-0.15 

(1.06) 

33 

-0.76 

(0.76) 

55 

a a a 0.16 

(1.22) 

17 

-0.86 

(0.90) 

47 

a a a -0.57 

(1.71) 

37 

-1.08 

(0.78) 

44 

a a a -0.36 

(0.95) 

22 

-0.69 

(0.73) 

42 

a a a 

z- 

head 

-0.44 

(0.98) 

35 

-0.92 

(0.94) 

52 

a a a -0.33 

(1.40) 

22 

-0.92 

(0.93) 

48 

a a a -0.49 

(1.14) 

36 

-0.90 

(0.81) 

44 

a a a -0.81 

(1.25) 

22 

-1.07 

(0.78) 

40 

a a a 

a WHO reference standard is not available for these age groups in these measures.  
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In both post-harvest Natarbora and Ossu, mother’s height was significantly 

correlated with standardised child height (Natarbora, Pearson r = 0.218, p < 

0.001; Ossu, Pearson r = 0.155, p = 0.010) and weight (Natarbora, Pearson r = 

0.203, p = 0.014; Ossu, Pearson r = 0.256, p =0.002). In Ossu, mother’s height 

was also significantly correlated with z-mid-upper arm circumference (Pearson 

r = 0.313, p = 0.018). In both communities, boys had lower BMI-for-age 

(Natarbora, p = 0.001, Table 17, panel 1; Ossu, p < 0.001, Table 17, panel 2) than 

girls. Natarbora boys were also shorter-for-age than Natarbora girls (p = 0.007; 

Table 17, panel 1). 

 

In both post-rainy Natarbora and Ossu, mother’s height was significantly 

correlated with standardised child height (Natarbora, Pearson r = 0.187, p = 

0.004; Ossu, Pearson r = 0.277, p < 0.001) and weight (Natarbora, Pearson r = 

0.209, p = 0.013; Pearson r = 0.344, p < 0.001). Ossu mother’s height was also 

significantly correlated with children’s standardised mid-upper arm 

circumference (Pearson r = 0.332, p = 0.015). As in the post-harvest season, 

boys had lower BMI-for-age than girls in both communities (Natarbora, p = 

0.034, Table 17, panel 3; Ossu, p = 0.002, Table 17, panel 4). Natarbora boys 

were also shorter-for-age than Natarbora girls (p = 0.045; Table 17, panel 3).  

 

. 
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Table 17. Independent t-test of WHO z-score (SD) for child growth measures of boys and girls for the post-harvest (2016) and post-rainy (2017) season in Natarbora and Ossu. 

 Post-harvest (2016) Post-rainy (2017) 

 Natarbora Ossu Natarbora Ossu 

 Boys 

𝒙 

(SD) 

N 

Girls 

𝒙 

(SD) 

N 

t p Boys 

𝒙 

(SD) 

N 

Girls 

𝒙 

(SD) 

N 

t p Boys 

𝒙 

(SD) 

N 

Girls 

𝒙 

(SD) 

N 

t p Boys 

𝒙 

(SD) 

N 

Girls 

𝒙 

(SD) 

N 

t p 

z-height -1.71 

(0.93) 

155 

-1.42 

(0.97) 

163 

-2.732 0.007 -2.18 

(0.95) 

163 

-2.11 

(0.91) 

168 

-0.755 0.451 -1.74 

(1.02) 

138 

-1.51 

(0.96) 

147 

-2.010 0.045 -2.28 

(0.82) 

142 

-2.11 

(0.86) 

154 

-1.751 0.081 

z-BMI -1.23 

(1.14) 

153 

-0.80 

(1.19) 

161 

-3.262 0.001 -1.17 

(1.00) 

162 

-0.69 

(1.09) 

166 

-4.161 < 0.001 -1.19 

(1.15) 

137 

-0.91 

(1.07) 

147 

-2.135 0.034 -1.00 

(1.04) 

141 

-0.61 

(1.06) 

153 

-3.190 0.002 

z-weight -1.51 

(1.01) 

79 

-1.36 

(1.19) 

80 

-0.843 0.400 -1.91 

(1.21) 

86 

-1.73 

(0.99) 

84 

-1.084 0.280 -1.62 

(1.08) 

82 

-1.51 

(0.94) 

76 

-0.654 0.514 -2.01 

(0.78) 

75 

-1.78 

(0.90) 

82 

-1.716 0.088 

z-MUAC -0.56 

(1.02) 

48 

-0.50 

(0.83) 

39 

-0.310 0.758 -0.54 

(1.14) 

34 

-0.66 

(1.03) 

30 

0.430 0.669 0.68 

(1.20) 

46 

-0.76 

(0.63) 

35 

0.385 0.701 -0.73 

(0.85) 

29 

-0.45 

(0.78) 

35 

-1.376 0.174 

z-head -0.78 

(0.91) 

49 

-0.67 

(1.08) 

39 

-0.514 0.608 -0.71 

(1.22) 

34 

-0.77 

(1.05) 

36 

0.219 0.828 -0.95 

(0.82) 

45 

-0.72 

(1.76) 

35 

-0.724 0.473 -1.23 

(1.10) 

28 

-0.77 

(0.81) 

34 

-1.909 0.061 

Significance of p < 0.05 are shown in bold. 
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In post-harvest Natarbora, 30 (33%) households had both at least one resident 

grandmother and at least one resident grandfather whereas 10 (11%) 

households had only at least one resident grandparent. These percentages 

varied little across season. Children with at least one grandmother at home had 

higher z-BMI (Table 18, panel 1, �̅� = -0.804, p = 0.005) than children without (z-

BMI �̅� = -1.177) in the post-harvest but not in the post-rainy season. Children in 

households with at least one grandfather had higher z-BMI (�̅� = -0.801, p = 

0.007) than children with no grandfather present (�̅� = -1.162) in the post-

harvest season and showed a trend for higher z-BMI (�̅� = -0.902, Table 18, 

panel 1) compared to children with no grandfather present (�̅� = -1.135, p = 

0.089) in the post-rainy season. In the post-harvest season, children in 

households with more “other adults” (other than parents and grandparents) 

had higher z-BMI (p < 0.001). Households who were cultivating garden crops in 

the post-harvest season included more adult members (one-way ANOVA F4, 86 = 

2.495, p = 0.049, Bonferroni post hoc p = 0.040) than households with no land 

to cultivate garden crops indicating that grandparents and “other adults” may 

be contributing to children’s growth by contributing to household agricultural 

production when there is harvest work to be done and resources are relatively 

more plentiful. In the post-rainy season, children in households with more 

“other adults” (other than parents or grandparents) had lower z-head 

circumference (p = 0.041) indicating that having more mouths to feed when 

resources are scarce is detrimental to children’s growth. In the post-rainy 

season, children living in households with two parents may have higher z-BMI 

(p = 0.007) because they receive more parental investment. Child’s biological or 

fostering status was not associated with any growth measure in either season 

(Table 18).  

 

In post-harvest Ossu, 45 (52%) households practiced fostering: 25 (29%) 

households fostered children in, 17 (20%) households fostered children out 

and, 3 (3.5%) fostered children in both directions. In post-rainy Ossu, more 

households practiced fostering (64%) than in the post-harvest season due to an 

increase in households fostering children out (29%). In both the post-harvest 
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and the post-rainy season, fostered children show a trend for higher z-height 

than biological children in fostering households (post-harvest season, F = 3.434, 

p = 0.033, Table 18 panel 2, Bonferroni post hoc, p = 0.050; post-rainy season, F 

= 2.891, p = 0.057, Bonferroni post hoc, p = 0.058).  

 

In post-harvest Ossu, 16 (19%) households had both at least one resident 

grandmother and at least one resident grandfather, while 16 (19%) households 

had only at least one resident grandparent. These percentages varied little 

across seasons. In both the post-harvest and the post-rainy season, children in 

households with at least one resident grandmother had higher z-weight (post-

harvest season, �̅� = -1.48, p = 0.005, Table 18; post-rainy season, �̅� = -1.63, p = 

0.011) than children without (post-harvest season, �̅� = -1.97; post-rainy season, 

�̅� = -2.00). In the post-rainy season, children in households with at least one 

resident grandmother also had higher z-BMI (�̅� = -0.55, p = 0.013, Table 18) 

than those without (z-BMI �̅� = -0.90). In both the post-harvest and the post-

rainy season, children in households with at least one resident grandfather had 

higher z-weight (post-harvest season �̅�=-1.43, p = 0.001, Table 18; post-rainy 

season, �̅� = -1.49, p = 0.001), higher z-BMI (post-harvest, �̅� = 0.72, p = 0.028; 

post rainy season, �̅� = -0.49, p < 0.001) and larger z-MUAC (post-harvest season, 

�̅� = 0.56, p = 0.015; post-rainy season, �̅� = -0.20, p = 0.003) than children 

without (post-harvest season, z-weight �̅� = -2.02, z-BMI �̅� = -1.01, z-MUAC �̅� = -

0.84; post-rainy season, z-weight �̅� = -2.07, z-BMI �̅� = -0.93, z-MUAC �̅� = -0.81).  

 

In post-harvest season Ossu, households with a grandmother (Pearson X2 = 

0.060, p = 0.806) or a grandfather (Pearson X2 = 2.449, p = 0.118) were not 

more likely to be cultivating garden crops than households without a 

grandmother or a grandfather indicating that grandparents are not 

contributing to children’s growth through their garden labour. Households with 

at least one grandmother in the post-harvest season (independent t = 2.909, p = 

0.007) fostered in more children (�̅� = 1.44) than households without (�̅� =

0.33) indicating that grandmothers may be contributing to children’s growth by 

caring for children from households who may not have the resources to care for 
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them. In the post-harvest season, children in households with more children 

had higher z-BMI (Pearson r = 0.111, p = 0.045). Households with at least one 

grandfather in the post-harvest season showed a trend (independent t = 1.849, 

p = 0.075) for fostering in more children (�̅� = 1.17) than households without 

(�̅� = 0.47). In the post-harvest season, children in households with two parents 

had lower z-height (independent r = -0.155, p = 0.005). In the post-rainy 

season, no household members other than grandparents had any association 

with growth (Table 18). 
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Table 18. Bivariate associations (test parameter and significance) of household composition variables with child growth measures in the post-harvest (2016) and post-rainy (2017) 
season in Natarbora and Ossu. 

  Natarbora Ossu 

  z-height z-weight z-BMI z-MUAC z-head z-height z-weight z-BMI z-MUAC z-head 

Post-harvest (2016) Child fostering status F = 1.617 

p = 0.200 

F = 0.734 

p = 0.482 

F = 0.606 

p = 0.546 

F = 1.253 

p = 0.291 

F = 0.248 

p = 0.781 

F = 3.434 

p = 0.033 

F = 0.471 

p = 0.625 

F = 1.196 

p = 0.304 

F = 2.229 

p = 0.116 

F = 1.326 

p = 0.273 

Grandmother present t = -1.901 

p = 0.058 

t = 0.479 

p = 0.633 

t = 2.805 

p = 0.005 

t = 0.079 

p = 0.937 

t = -0.497 

p = 0.621 

t = 0.581 

p = 0.562 

t = 2.859 

p = 0.005 

t = 1.177 

p = 0.240 

t = 1.672 

p = 0.100 

t = 1.152 

p = 0.253 

Grandfather present t = -1.505 

p = 0.133 

t = 0.631 

p = 0.529 

t = 2.701 

p = 0.007 

t = 0.270 

p = 0.788 

t = -0.381 

p = 0.704 

t = -0.416 

p = 0.678 

t = 3.365 

p = 0.001 

t = 2.206 

p = 0.028 

t = 2.513 

p = 0.015 

t = 1.002 

p = 0.320 

# Parents t = -1.391 

p = 0.165 

t = 0.958 

p = 0.339 

t = 0.388 

p = 0.698 

t = 0.769 

p = 0.444 

t = 0.107 

p = 0.915 

t = -2.612 

p = 0.009 

t = -0.980 

p = 0.329 

t = 0.816 

p = 0.415 

t = 2.507 

p = 0.017 

t = -0.060 

p = 0.952 

# Resident children r = -0.077 

p = 0.172 

r = 0.005 

p = 0.953 

r = -0.024 

p = 0.675 

r = -0.192 

p = 0.072 

r = -0.328 

p = 0.002 

r = -0.040 

p = 0.469 

r = 0.042 

p = 0.588 

r = 0.111 

p = 0.045 

r = -0.003 

p = 0.980 

r = 0.035 

p = 0.774 

# “Other adults” r = -0.011 

p = 0.312 

r = 0.138 

p = 0.083 

r = 0.196 

p < 0.001 

r = -0.024 

p = 0.828 

r = -0.240 

p = 0.025 

r = 0.007 

p = 0.901 

r = 0.041 

p = 0.596 

r = 0.031 

p = 0.572 

r = 0.000 

p = 0.998 

r = - 0.053 

p = 0.664 

Post-rainy (2017) Child fostering status F = 0.527 

p = 0.591 

F = 0.085 

p = 0.918 

F = 0.682 

p = 0.506 

F = 0.199 

p = 0.820 

F = 0.096 

p = 0.909 

F = 2.891 

p = 0.057 

F = 2.299 

p = 0.104 

F = 2.162 

p = 0.117 

F = 1.340 

p = 0.270 

F = 1.539 

p = 0.223 

Grandmother present t = -0.581 

p = 0.562 

t = -0.093 

p = 0.926 

t = 1.430 

p = 0.154 

t = 0.611 

p = 0.543 

t = 0.231 

p = 0.818 

t = 1.069 

p = 0.286 

t = 2.514 

p = 0.013 

t = 2.550 

p = 0.011 

t = 1.685 

p = 0.097 

t = 1.118 

p = 0.268 

Grandfather present t = 0.749 

p = 0.455 

t = 0.755 

p = 0.452 

t = 1.706 

p = 0.089 

t = 0.552 

p = 0.583 

t = -0.611 

p = 0.543 

t = 0.926 

p = 0.355 

t = 4.111 

p < 0.001 

t = 3.310 

p = 0.001 

t = 3.083 

p = 0.003 

t = 1.934 

p = 0.058 

#Parents r = -0.050 

p = 0.401 

r = 0.008 

p = 0.917 

r = 0.160 

p = 0.007 

r = 0.209 

p = 0.062 

r = -0.020 

p = 0.862 

r = -0.065 

p = 0.262 

r = -0.098 

p = 0.223 

r = -0.025 

p = 0.664 

r = 0.008 

p = 0.950 

r = -0.107 

p = 0.408 

#Resident children r = -0.046 

p = 0.440 

r = -0.041 

p = 0.609 

r = 0.032 

p = 0.593 

r = -0.135 

p = 0.235 

r = -0.106 

p = 0.350 

r = 0.006 

p = 0.913 

r = 0.049 

p = 0.544 

r = 0.004 

p = 0.940 

r = 0.058 

p = 0.651 

r = 0.141 

p = 0.273 

# “Other adults” r = 0.040 

p = 0.498 

r = 0.031 

p = 0.698 

r = 0.114 

p = 0.056 

r = -0.028 

p = 0.802 

r = -0.227 

p = 0.041 

r = 0.016 

p = 0.784 

r = 0.022 

p = 0.789 

r = -0.029 

p = 0.621 

r = 0.051 

p = 0.689 

r = -0.053 

p = 0.685 

Associations with P < 0.1 are shown in bold.  
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 Post-harvest season (2016) 

 Network variables in post-harvest Natarbora and Ossu 

In the post-harvest season, all resources types were shared but households 

varied in what resources were shared (Table 19). In both Natarbora and Ossu, 

fostering, healthcare, food, labour, and money were among the most common 

networks in which households participated, while livestock, childcare and 

“other help” networks were the least common.  

 

Table 19. Percentage of households participating in at least one resource sharing event and the 
mean (SD) number of sharing events by resource type over the preceding 30 days in the post-
harvest (2016) season in Natarbora (n = 91 households) and Ossu (n = 76). 

 Natarbora Ossu 

Resource  Households 

participating in 

a network (%) 

Mean events 

(SD)/participati

ng household 

Households 

participating in 

a network (%) 

Mean events 

(SD)/participa

ting household 

Food  40.8 1.51 (0.73) 26.3 1.50 (0.76) 

Labour 30.8 1.21 (0.42) 23.7 1.39 (0.98) 

Livestock 13.2 1.00 (0.00) 18.4 1.14 (0.36) 

Seeds 26.4 1.33 (0.57) 14.5 1.27 (0.65) 

Money 24.2 1.23 (0.43) 30.3 1.70 (1.02) 

Fostering 31.9 1.31 (0.71) 65.8 1.74 (1.03) 

Childcare 13.2 1.17 (0.34) 13.2 1.00 (0.00) 

Land/land 

access 

12.1 1.18 (0.41) 28.9 1.23 (0.87) 

Healthcare 49.5 1.20 (0.59) 40.8 1.13 (0.34) 

“Other’ help 17.6 1.25 (0.58) 13.2 1.70 (0.95) 

 

In Natarbora and Ossu, food and money were given by households more than 

they were received (Figure 5). Natarbora and Ossu households received foster 

children, healthcare and “other help” more than they gave these resources. In 

this case, receiving foster children is most likely to be a cost to households, 

rather than a benefit. Foster children’s or their family’s contributions to the 

household may reduce foster children’s costs to the fostering household. In 
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many cases, children are fostered into households to be close to schools, 

particularly in Ossu. Natarbora households give labour more than they receive 

it, while in Ossu, the opposite is true. In Natarbora, seeds are equally given and 

received which reflects government programs of giving and buying back seeds. 

Land/land access is equally given and received in Ossu.  

 

 

 

Figure 5. Transfer events for 10 resource types that were given (light pattern) or received (dark 
pattern) by households in Natarbora (top) and Ossu (bottom) in the post-harvest (2016) season.  
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At the community-level, the percentage of transfers received was greater than 

the percentage of transfers given per household in both Natarbora (Figure 6, 

top) and Ossu (Figure 6, bottom). 

 

 

 

Figure 6. Percentage of transfer events that were received (dark pattern) or given (light pattern) 
per household in Natarbora (top) and Ossu (bottom) in the post-harvest (2016) season. One 
household equals one bar. Households with a 100% received transfers are on the left-hand side, 
households with 100% given transfers are on the right-hand side. 
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In post-harvest Natarbora, children in households with more childcare events 

had lower z-height (Table 20, p = 0.018) and lower z-MUAC (p = 0.048). “Other 

help” events were associated with higher z-BMI (p = 0.015). Children in 

households with more labour sharing (p = 0.007) and more health sharing had 

larger z-head circumference (p = 0.001). Numbers of land, money, and seed 

sharing events and generation of long-term (fostering) networks were not 

associated child growth (not shown).  

 

Table 20. Bivariate associations (test parameter and significance) of household personal network 
variables with child growth measures in post-harvest season (2016) in Natarbora 

Variable flow events 

(statistical test) 

z-height z-weight z-BMI z-MUAC z-head 

# Food events  

(Pearson) 

r = 0.016 

p = 0.772 

r = -0.045 

p = 0.569 

r = 0.021 

p = 0.709 

r = -0.202 

p = 0.059 

r = 0.001 

p = 0.994 

# Labour events  

(Pearson) 

r = -0.015 

p = 0.790 

r = -0.054 

p = 0.499 

r = 0.039 

p = 0.493 

r = 0.063 

p = 0.561 

r = 0.286 

p = 0.007 

# Livestock events 

(Pearson) 

r = -0.017 

p = 0.756 

r = 0.020 

p = 0.798 

r = 0.022 

p = 0.702 

r = 0.203 

p = 0.058 

r = 0.194 

p = 0.072 

# Childcare events 

(Pearson) 

r = -0.133 

p = 0.018 

r = -0.058 

p = 0.470 

r = -0.018 

p = 0.755 

r = -0.212 

p = 0.048 

r = -0.098 

p = 0.364 

# Health care/info 

events (Pearson) 

r = -0.018 

p = 0.746 

r = 0.078 

p = 0.329 

r = 0.071 

p = 0.209 

r = 0.073 

p = 0.498 

r = 0.337 

p = 0.001 

 # “Other help” events 

(Pearson) 

r = 0.016 

p = 0.777 

r = 0.112 

p = 0.158 

r = 0.137 

p = 0.015 

r = -0.103 

p = 0.337 

r = 0.044 

p = 0.684 

Long-term (fostering) 

network a (ANOVA) 

F = 3.663 

p = 0.013 

F = 4.578 

p = 0.004 

F = 3.118 

p = 0.026 

W = 4.694* 

p = 0.011 

W = 0.258* 

p = 0.855 

Associations with P < 0.1 are shown in bold.  

* Welch’s non-parametric statistic 

a Long-term (fostering) network category: no fostering, fostering relationships with the maternal kin, 

with paternal kin, or both maternal and paternal kin. 
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In Natarbora, children in households with long-term (fostering) networks 

organised through paternal kin had lower z-height while children in households 

with long-term (fostering) networks organised through maternal kin have 

higher z-weight and z-MUAC (Figure 7).  

 

 

Figure 7. Mean WHO z-score for five child growth measures by type of household status of long-
term (fostering) network in post-harvest (2016) season Natarbora. Long-term (fostering) 
network: none (blue), organised through maternal kin (green), organised through paternal kin 
(yellow), and organised through maternal and paternal kin (purple). B indicates Bonferroni post 
hoc test, D indicates Dunnett’s t post hoc test, ** p < 0.05, * p < 0.1. 
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In post-harvest Ossu, children in households with more healthcare sharing 

were taller for their age (p = 0.027, Table 21). Greater labour (p = 0.008) and 

“other help” sharing was associated with higher z-weight (p = 0.013). Children 

in households with more food sharing had larger z-head circumference (p = 

0.038). Money, childcare and land/land access sharing events, and generation 

of long-term (fostering) networks had no relationship with child growth (not 

shown).  

 

Table 21. Bivariate associations (test parameter and significance) of household personal network 
variables with child growth measures in post-harvest season (2016) in Ossu 

Variable flow events 

(statistical test) 

z-height z-weight z-BMI z-MUAC z-head 

#Food events  

(Pearson) 

r = 0.079 

p = 0.153 

r = 0.127 

p = 0.098 

r = 0.096 

p = 0.082 

r = 0.171 

p = 0.177 

r = 0.249 

p = 0.038 

#Labour events  

(Pearson) 

r = 0.006 

p = 0.910 

r = 0.203 

p = 0.008 

r = 0.021 

p = 0.699 

r = 0.167 

p = 0.187 

r = 0.054 

p = 0.658 

#Livestock events  

(Pearson) 

r = 0.024 

p = 0.660 

r = 0.031 

p = 0.690 

r = 0.013 

p = 0.817 

r = -0.009 

p = 0.941 

r = 0.219 

p = 0.069 

#Seed events  

(Pearson) 

r = -0.046 

p = 0.401 

r = -0.060 

p = 0.434 

r = -0.037 

p = 0.501 

r = 0.120 

p = 0.347 

r = 0.231 

p = 0.054 

#Health care/info 

events (Pearson) 

r = 0.121 

p = 0.027 

r = 0.053 

p = 0.490 

r = 0.016 

p = 0.769 

r = 0.175 

p = 0.168 

r = 0.095 

p = 0.435 

# “Other help” events 

(Pearson) 

r = -0.033 

p = 0.552 

r = 0.189 

p = 0.013 

r = -0.019 

p = 0.730 

r = 0.067 

p = 0.601 

r = -0.045 

p = 0.711 

Long-term (fostering) 

network a (ANOVA) 

W = 6.162* 

p = 0.001 

F = 5.956 

p = 0.001 

F = 1.100 

p = 0.349 

F = 0.457 

p = 0.713 

F = 2.328 

p = 0.082 

Associations with P < 0.1 are shown in bold. 

* Welch’s non-parametric statistics 

a Long-term (fostering) network category: no fostering, fostering relationships with the maternal kin, 

with paternal kin, or both maternal and paternal kin. 
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In Ossu, children in households with long-term (fostering) networks organised 

through maternal kin have significantly lower z-height while children in 

households with long-term (fostering) networks organised through maternal 

and paternal kin have higher z-weight (Figure 8).  

 

 

Figure 8. Mean WHO z-scores for five child growth measures by type of household status long-term 
(fostering) network in post-harvest (2016) season Ossu. Long-term (fostering) network: none 
(blue), organised through maternal kin (green), organised through paternal kin (yellow), and 
organised through maternal and paternal kin (purple). B indicates Bonferroni post hoc test, D 
indicates Dunnett’s t post hoc test, ** p < 0.05, * p < 0.1. 
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 Household resources in post-harvest Natarbora and Ossu 

Most households in Natarbora (95.6%) and Ossu (95.3%) had access to the 

cash economy but only 23.1% of Natarbora households received a salary while 

41.9% of Ossu households received a salary. In Natarbora, 62% households 

drank water sourced from an electric pump while 48% of Ossu households 

drank from an open water source such as a spring. Most households in both 

Natarbora (85.7%) and Ossu (80%) boiled and strained their drinking water 

before consumption.  

 

In Natarbora, 56% of households had no rice paddy and 7.7% of households did 

not have land for a garden. In contrast, only 20% Ossu households did not have 

a rice paddy. Despite these differences, similar percentages of Natarbora 

(64.8%) and Ossu (67%) households were cultivating garden crops and similar 

percentages were cultivating rice (Natarbora, 15.3%; Ossu, 11.6%). In 

Natarbora, 9 household-level variables selected for modelling included type of 

cash access, type of toilet, frequency that eggs were eaten, house construction 

materials, rice crop, and number of cows, pigs, chickens, and appliances 

(Appendix N). In Ossu, 8 household-level variables selected for modelling 

included type of cash access, frequency that eggs are eaten, household 

construction materials, garden crop and numbers of cows, pigs, chickens, and 

appliances (Appendix N).  

 

 Predicting child growth measures in the post-harvest Natarbora and Ossu 

An individual child’s age group, sex and its mother’s height were significant 

independent predictors of child growth measures in all the linear mixed models 

described in following sections; I discuss them first to avoid repetition. In both 

Natarbora (Table 22) and Ossu (Table 23), mother’s height was the strongest 

predictor of child z-height; children of taller mothers have higher z-height. Boys 

had lower z-height than girls. In both Natarbora (Table 24) and Ossu (Table 

25), child’s sex and age group were the strongest predictors of z-BMI. Boys had 

lower z-BMI than girls and older children had lower z-BMI than 0-2-year-old 
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children. In both Natarbora (Table 26) and Ossu (Table 27), z-weight (0-10 

years) was most strongly predicted by child’s age group. In both Natarbora and 

Ossu, older children had lower z-weight than those who are 0-2 years old. In 

Ossu, children with taller mothers had higher z-weight.   

 

Some household characteristics were significant independent predictors of 

child growth measures in the linear mixed models described in the following 

sections. Since I am interested in the variation in child growth that social 

networks explain in addition to household characteristics more than in the 

household characteristics themselves, I present significant household 

characteristics first to avoid repetition and distraction. In Natarbora, children in 

households with a salary only were taller-for-age than children in households 

with no access to pensions or a salary (Table 22). Child in households with an 

unused rice paddy are taller for their age (Table 22) and have higher z-weight 

(Table 26). Children in households with a developed toilet are taller for their 

age (Table 22) but have lower z-BMI (Table 24), possibly due to the inverse 

relationship between height and BMI. Households with more children and six 

or more cows had lower child z-BMI (Table 24). Households with more adults 

had higher child z-BMI (Table 24). Children in households with more 

appliances were associated with higher z-BMI (Table 24) and higher z-weight 

(Table 26).  

 

In Ossu, children in households with more children had lower z-height (Table 

23). Children in households with glass windows (indicating higher quality 

dwelling) are taller for age than children in the simplest house construction 

(dirt floors). Children in households with at least one grandfather present had 

higher z-BMI (Table 25) and higher z-weight (Table 27) than children in 

households with no grandfathers. 

 

In the final network model (step 2, Table 22, panel 2) for z-height (AIC = 

851.211, n = 318) for Natarbora, children in households whose long-term 
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(fostering) network was organised through paternal kin (p = 0.007) had lower 

z-height than households without long-term (fostering) networks.  

 

Amalgamation of the Natarbora models for z-height (step 3, Table 22, panel 3; 

AIC = 836.283) reduced AIC by 6.675 units from the household model (step 1, 

Table 22, panel 1; AIC = 842.958). Including the interactions of households’ 

type of long-term (fostering) network and the presence of a childcare network 

by child’s age group improved model fit (combined model AIC = 819.611); 

however, neither interaction term was significant. Organisation of long-term 

(fostering) networks remained significant in the combined model.  
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Table 22. Linear mixed models for household and network predictor variables on child z-height (n = 318) in the post-harvest (2016) season in Natarbora. Household is 
included as a random factor to account for the clustering of children in households. Main effect p values for significant predictors with more than 2 categories are in italics. 

Variable categories  

(reference category) 

Individual & household (model 1 AIC = 

873.598, final model AIC = 842.958) a 

Individual & network (model 1 AIC = 

865.316, final model AIC = 851.211) b 

Individual, household & network (before 

interaction AIC = 836.283, after interaction 

AIC = 819.611) c 

 Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p 

Sex          

Female 0.357 (3.617) -1.453 (0.105) <0.001 0.302 (3.024) -1.645 (0.121) 0.003 0.389 (3.729) -1.777 (0.136) < 0.001 

(Male)  -1.811 (0.107)   -1.947 (.120)   -2.167 (0.132)  

Age group         0.059 

Cash   0.141      0.156 

Pension & day labour  -1.654 (0.127) 0.190     -1.963 (0.148) 0.188 

Pension & salary  -1.669 (0.168) 0.257     -2.047 (0.189) 0.427 

Salary 0.776 (2.605) -1.177 (0.234) 0.011    0.684 (2.470) -1.558 (0.236) 0.016 

Pension  -1.706 (0.118) 0.251     -2.050 (0.147) 0.360 

(No access to pension or salary)  -1.953 (0.199)      -2.242 (0.199)  

Toilet          

Developed toilet 0.303 (2.112) -1.481 (0.093) 0.039     -1.844 (0.125) 0.064 

(None or traditional toilet)  -1.784 (0.139)      -2.100 (0.154)  

Rice crop   0.027      0.007 

Planning to make   -1.775 (0.228) 0.470     -2.162 (0.233) 0.363 

Have land but not working 0.339 (2.152) -1.267 (0.141) 0.034    0.401 (2.690) -1.553 (0.156) 0.009 

Yes  -1.881 (0.168) 0.150     -2.219 (0.190) 0.159 
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a Initial Individual & household model included sex, age group, mother’s height, #parents, #resident children, grandmother, # “other adults”, type of cash access, type of toilet, 

frequency of eating eggs, house construction materials, cows, pigs, chickens, #appliances and whether the household was making a rice crop.  

b Initial Individual & network model included sex, age group, the kin orientation of the long-term (fostering) network and the presence/absence of a; food network, labour 

network, livestock network, seed network, money network, childcare network, healthcare network and “other” help network.  

c Individual, household and network model included sex, age group and age group interactions with the presence of a household childcare network and with the kin orientation 

of the long-term (fostering) network, in addition to all the variables in the final household model and the final network model.  

Results are presented as estimated marginal means (EMM) for categorical variables and parameter estimates (Covariates appearing in the model are evaluated at the following 

values: mother’s height = 153.53 cm.). Reference categories for categorical variables are in parentheses. Significant associations (p < 0.05) are shown in bold. Where retained 

variables are not significant, only the p value is reported. 

Variable categories  

(reference category) 

Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p 

(No)  -1.605 (0.102)      -1.954 (0.132)  

Mother’s height 0.045 (3.402)  0.001    0.050 (3.944)  < 0.001 

Childcare network          

Yes     -1.968 (0.190) 0.089  -2.278 (0.202) 0.181 

(No)     -1.624 (0.089)   -1.666 (0.104)  

Long-term (fostering) network       0.030   0.069 

Maternal and paternal     -1.505 (0.183) 0.566  -1.910 (0.178) 0.060 

Paternal    -0.660 (-2.797) -2.271 (0.226) 0.007 -1.260 (-2.477) -2.377 (0.211) 0.014 

Maternal     -1.796 (0.187) 0.342  -1.784 (0.196) 0.418 

(None)     -1.611 (0.114)   -1.817 (0.135)  

Age group * childcare network         0.182 

Age group * long-term (fostering) 

network 

        0.396 
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In contrast to the final network model of z-height for Natarbora, the final 

network model (step 2, Table 23, panel 2) of z-height (AIC = 884.038, n = 331) 

for Ossu indicated that children in households with long-term (fostering) 

networks organised through maternal kin had worse z-height than children in 

households with no long-term (fostering) networks (p = 0.021).  

 

Unlike Natarbora, amalgamation of the Ossu models for z-height (step 3, Table 

23, panel 3; AIC = 889.739) increased AIC by 1.599 units from the household 

model (step 1, Table 23, panel 1; AIC = 888.140). Including the interaction of 

the presence of a food network and the kin orientation of the long-term 

(fostering) network by child’s age group improved model fit (combined model 

AIC = 873.284); however, interactions were not significant. The organisation of 

long-term (fostering) network loses significance after controlling for household 

characteristics and showed only a trend with children’s z-height. This loss of 

significance could potentially be a result of the addition of having glass 

windows (as an indicator of disposable income) or mother’s height (as a proxy 

for intergenerational effects on children’s height) from the household model, 

both of which are established strong predictors of children’s growth in this 

population (Spencer et al., 2018b). 
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Table 23. Linear mixed models for household and network predictor variables on child z-height (n = 331) in the post-harvest (2016) season in Ossu. Household is included as 
a random factor to account for the clustering of children in households. Main effect p values for significant predictors with more than 2 categories are in italics. 

Variable categories  

(reference category) 

Individual & household (model 1 AIC = 

918.271, final model AIC = 888.140) a  

Individual & networks (model 1 AIC = 

894.834, final model AIC = 884.038) b  

Individual, household & networks (before 

interaction AIC = 889.739, after interaction AIC 

= 873.284) c  

 Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p 

Age group         0.547 

Household materials   0.024      0.024 

As below & glass windows 0.392 (2.475) -1.815 (0.130) 0.016    0.421 (2.414) -1.811 (0.138) 0.020 

Concrete/tile floor & 

tin/tile/asbestos roof 

 -2.250 (0.091) 0.730     -2.266 (0.100) 0.794 

(Dirt floor & 

thatch/tin/tile/asbestos roof) 

 -2.207 (0.085)      -2.232 (0.122)  

Mother’s height 0.024 (2.218)  0.029      0.063 

#Resident children -0.075 (-2.383)  0.020      0.052 

#Parents   0.053      0.163 

Food network          

Yes     -1.959 (0.134) 0.142  -2.145 (0.145) 0.626 

No     -2.186 (0.074)   -2.060 (0.083)  

Long-term (fostering) network      0.015   0.077 

Maternal & paternal     -1.750 (0.165) 0.240  -1.823 (0.187) 0.201 

Paternal only     -2.237 (0.137) 0.116  -2.082 (0.139) 0.505 

Maternal only    -0.370 (-2.372) -2.337 (0.140) 0.021  -2.396 (0.149) 0.418 
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a Initial Individual &household model included sex, age group, mother’s height, fostering status, #parents, # resident children, grandmother, grandfather, type of cash access, 

frequency of eating eggs, household construction materials, cows, pigs, chickens, #appliances and whether the household is making a garden crop.  

b Initial Individual & network model included sex, age group and the kin orientation of the long-term (fostering) network as well as the presence/absence of a: food network, 

labour network, livestock network, seed network, childcare network, healthcare network and “other help” network.  

c Individual, household and networks model included age group and age group interactions with the presence of a household food network and the kin orientation of the long-

term (fostering) network, in addition to all the variables in the final household model and the final networks model.  

Results are presented as estimated marginal means (EMM) for categorical variables and parameter estimates (Covariates appearing in the model are evaluated at the following 

values: mother’s height (cm) = 150.15, #resident children = 5.17 and #parents = 1.81.). Reference categories for categorical variables are in parentheses. Significant 

associations (p < 0.05) are shown in bold. Where retained variables are not significant, only the p value is reported. 

Variable categories  

(reference category) 

Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p Estimate (t) EMM (SE) P 

(No fostering network)     -1.967 (0.104)   -2.110 (0.110)  

Age group * food network         0.334 

Age group * long-term (fostering) 

network 

        0.114 
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In the final network model (step 2, Table 24, panel 2) of z-BMI (AIC = 937.616, 

n = 314) for Natarbora, children in households whose long-term (fostering) 

network includes maternal and paternal kin have higher z-BMI (p = 0.001) 

compared to children in households without a long-term (fostering) network. 

Children in households with an “other help” network have higher z-BMI than 

children in households without an “other help” network (p = 0.029). 

 

Amalgamation of the Natarbora models for z-BMI (step 3, Table 24, panel 3; AIC 

= 924.935) reduced AIC by 10.261 units from the household model (step 1, 

Table 24, panel 1; AIC = 935.196). Including the interactions of type of 

household long-term (fostering) network and the presence of an “other help” 

network by child’s age group improved model fit (combined model AIC = 

882.640). Interactions of “other help” network with age group (Figure 9) 

indicate that 0-2 years old children with an ‘other’ help network have better 

BMI-for-age than all other children; however, the number of children in the 0-2 

age group with an ‘other’ help network is very small (n = 4). In the post-harvest 

season, more than half (55%) of “other help” network events involved 

governmental and NGO programs which may disproportionately target younger 

children. Organisation of long-term (fostering) networks and an “other help” 

network remained significant in the combined model. 
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Figure 9. Estimated marginal means (EMM) of z-BMI in the post-harvest season (2016) by age 
group and presence (grey) or not (black) of an ‘other’ help network for households in Natarbora. 
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Table 24. Linear mixed models for household and network predictor variables on child z-BMI (n = 314) in the post-harvest (2016) season in Natarbora. Household is 
included as a random factor to account for the clustering of children in households. Main effect p values for significant predictors with more than 2 categories are in italics. 

Variable categories  

(reference category) 

Individual & household (model 1 AIC = 

950.708, final model AIC =935.196) a 

Individual & network (model 1 AIC = 944.316, 

final model AIC = 937.616) b 

Individual, household & network (before 

interaction AIC = 924.935, after interaction 

AIC = 882.640) c 

 Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p 

Sex          

Female 0.472 (4.042) -0.670 (0.103) < 0.001 0.491 (4.143) -0.328 (0.125) < 0.001 0.521 (4.408) -0.323 (0.123) < 0.001 

(Male)  -1.143 (0.103)   -0.818 (0.127)   -0.844 (0.122)  

Age group   <0.001   <0.001   <0.001 

15.1-19 years -1.321 (-5.706) -1.283 (0.147) < 0.001 -1.350 (-5.735) -0.938 (0.165) < 0.001 -0.866 (-2.844) -1.243 (0.212) 0.005 

10.1-15 years -1.337 (-6.298) -1.299 (0.118) < 0.001 -1.431 (-6.6470 -1.018 (0.137) <0.001 -0.799 (-2.940) -1.292 (0.157) 0.004 

5.1-10 years -1.252 (-5.635) -1.214 (0.132) < 0.001 -1.325 (-5.870) -0.913 (0.152) < 0.001 -1.203 (-4.055) -0.711 (0.190) < 0.001 

2.1-5 years -0.813 (-3.483) -0.775 (0.157) 0.001 -0.821 (-3.492) -0.409 (0.173) 0.001  -0.772 (0.230) 0.192 

(0-2 years)  0.038 (.194)   0.413 (0.211)   1.103 (0.293)  

Toilet          

Developed toilet -0.429 (-2.706) -1.121 (0.092) 0.009    -0.456 (-3.151) -0.811 (0.115) 0.003 

(None or traditional toilet)  -0.692 (0.136)      -0.355 (0.141)  

Cows   0.001      <0.001 

6+  -0.623 (-3.004) -1.375 (0.177) 0.004    -0.704 (-3.520) -1.110 (0.185) 0.001 

1-5   -0.591 (0.103) 0.265     -0.233 (0.117) 0.195 

(None)  -0.753 (0.121)      -0.406 (0.132)  

# Resident children -0.103 (-2.643)  0.011    -0.104 (-3.014)  0.005 
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a Initial Individual & household model included sex, age group, mother’s height, #parents, #resident children, grandmother, # “other adults”, type of cash access, type of toilet, 

frequency of eating eggs, house construction materials, cows, pigs, chickens, #appliances and whether the household was making a rice crop.  

b Initial Individual & network model included sex, age group, the kin orientation of the long-term (fostering) network and the presence/absence of a; food network, labour 

network, livestock network, seed network, money network, childcare network, healthcare network and “other help” network.  

c Individual, household and network model included sex, age group interactions with the presence of a household “other help” network and with the kin orientation of the long-

term (fostering) network, in addition to all the variables in the final household model and the final resource network model.  

Results are presented as estimated marginal means (EMM) for categorical variables and parameter estimates (Covariates appearing in the model are evaluated at the following 

values: #resident children = 4.65, # “other adults” = 0.57 and #appliances = 4.518.). Reference categories for categorical variables are in parentheses. Significant associations (p 

< 0.05) are shown in bold. Where retained variables are not significant, only the p value is reported.

Variable categories  

(reference category) 

Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p 

# “Other adults” 0.352 (4.616)  < 0.001    0.301 (4.104)  < 0.001 

# Appliances 0.103 (2.925)  0.005    0.080 (2.389)  0.021 

“Other help”          

Yes    0.400 (2.219) -0.373 (0.178) 0.029 2.298 (4.250) -0.296 (0.170) < 0.001 

(No)     -0.773 (0.096)   -0.870 (0.092)  

Long-term (fostering) network      0.007   0.001 

Maternal & paternal    0.660 (3.355) -0.252 (0.188) 0.001 1.116 (2.012) -0.218 (0.183) 0.045 

Paternal      -0.616 (0.244) 0.241  -0.777 (0.218) 0.957 

Maternal     -0.513 (0.197) 0.059  -0.408 (0.185) 0.071 

(None)     -0.912 (0.106)   -0.930 (0.114)  

Age group * “other help”         < 0.001 

Age group * long-term (fostering) 

network 

        0.416 
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In contrast to the final network model of z-BMI for Natarbora, only individual 

characteristics were significant in the final network model (step 2, Table 25, 

panel 2) of z-BMI (AIC = 845.212, n = 328) for Ossu. 

 

Amalgamation of the two Ossu models for z-BMI (step 3, Table 25, panel 3; AIC 

= 843.676) was no better than the household model (step 1, Table 25, panel 1; 

AIC = 843.596). Including the interaction of the presence of a seed network by 

child’s age group improved model fit (combined model AIC = 840.009); 

however, the interaction was not significant. Child’s age and sex remain the 

only predictors of children’s z-BMI.  
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Table 25. Linear mixed models for household and network predictor variables on child z-BMI (n = 328) in the post-harvest (2016) season in Ossu. Household is included as a 
random factor to account for the clustering of children in households. Main effect p values for significant predictors with more than 2 categories are in italics. 

Variable categories (reference 

category) 

Individual & household (model 1 AIC = 

878.639, final model AIC = 843.596) a  

Individual & networks (model 1 AIC = 851.471, 

final model AIC = 845.212) b  

Individual, household & networks (before 

interaction AIC = 843.676, after interaction AIC 

= 840.009) c  

 Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p 

Sex          

Female 1.429 (3.871) 0.294 (0.095) < 0.001 1.396 (3.764) -0.472 (0.123) < 0.001 1.274 (3.205) -0.390 (0.144) 0.002 

(Male)  -0.924 (0.100)   -1.097 (.122)   -0.998 (0.134)  

Age group   <0.001   <0.001   <0.001 

15.1-19 years -1. 343 (-4.230) -0.899 (0.124) < 0.001 -1.375 (-4.316) -1.090 (0.146) < 0.001 -1.518 (-4.313) -0.824 (0.234) < 0.001 

10.1-15 years -1.516 (-5.061) -1.367 (0.103) < 0.001 -1.548 (-5.158) -1.545 (0.124) < 0.001 -1.636 (-4.897) -1.501 (0.152) < 0.001 

5.1-10 years -0.982 (-3.292) -0.954 (0.103) < 0.001 -1.010 (-3.374) -1.131 (0.127) 0.001 -1.121 (-3.375) -1.064 (0.162) < 0.001 

2.1-5 years -0.653 (-2.028) -0.514 (0.132) 0.044 -0.665 (-2.062) -0.677 (0.152) 0.040 -0.838 (-2.322) -0.496 (0.212) 0.021 

(0-2 years)  0.690 (0.191)   0.520 (0.205)   0.416 (0.331)  

Grandfather          

At least one present 0.308 (2.009) -0.455 (0.133) 0.048     -0.555 (0.169) 0.077 

(None)  -0.763 (0.085)      -0.833 (0.127)  

Age group * child’s sex   0.002      0.009 

Seed network         0.364 

Yes     -0.925 (0.201) 0.189  -0.806 (0.236)  

(No)     -0.645 (.079)   -0.582 (0.085)  

Age group * seed network         0.697 
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a Initial Individual & household model included sex, age group, mother’s height, fostering status, #parents, #resident children, grandmother, grandfather, type of cash access, 

frequency of eating eggs, household construction materials, cows, pigs, chickens, #appliances and whether the household is making a garden crop. The interaction term of 

child’s sex by age group was also included.  

b Initial Individual & network model included sex, age group and the kin orientation of the long-term (fostering) network as well as the presence/absence of a: food network, 

labour network, livestock network, seed network, childcare network, healthcare network and “other help” network. The interaction term of child’s sex by age group was also 

included.  

c Individual, household and networks model included sex, age group and age group interactions with the seed network, in addition to all the variables in the final household 

model and the final networks model.  

Results are presented as estimated marginal means (EMM) for categorical variables and parameter estimates. Reference categories for categorical variables are in parentheses. 

Significant associations (p < 0.05) are shown in bold. Where retained variables are not significant, only the p value is reported. 
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International standards of z-weight are only available up to age 10 which 

reduces our sample size to 159 children (Natarbora) and 163 (Ossu). Thus, I 

began the household model for z-weight with variables that significantly 

influenced both z-height and z-BMI within the same season and community to 

reduce the number of initial explanatory variables. Given substantial cross-

cultural evidence that grandmothers, particularly maternal grandmothers, are 

beneficial for younger children’s nutrition (Hawkes et al., 1997; Sear & Mace, 

2008), I included the presence of a grandmother in the household even though 

it was not a significant predictor in linear mixed models for either z-height or z-

BMI. Given that a developed toilet has previously been associated with 

improved z-weight (Spencer et al., 2018b), I also included the 

absence/presence of a developed toilet in the household in the Ossu z-weight 

model even though it was not a significant predictor in linear models for either 

z-height or z-BMI. 

 

In the final network model (step 2, Table 26, panel 2) for z-weight (AIC = 

459.686, n = 159) for Natarbora, children in households with an “other help” 

network (p = 0.033) have higher z-weight than children in households without 

an “other help” network. Children in households with long-term (fostering) 

network organised by maternal and paternal kin (p = 0.007) have higher z-

weight compared to children in households without a long-term (fostering) 

network. 

 

Amalgamating the Natarbora models for z-weight (step 3, Table 26, panel 3; AIC 

= 452.145) reduced AIC by 8.455 units from the household model (step 1, Table 

26, panel 1; AIC = 460.600). Including the interactions of household’s type of 

long-term (fostering) network and the presence of an “other help” network by 

child’s age group further improved model fit (combined model AIC = 418.252). 

Interactions of ‘other help’ network with age group (Figure 4) indicate that 0-2-

year-old children in households who have an ‘other’ help network have better 

weight-for-age compared to all other children; however, the number of children 

in the 0-2 age group with an ‘other’ help network is small (n = 6). Organisation 
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of long-term (fostering) networks remained significant in the combined model; 

however, children in households with long-term (fostering) network organised 

through maternal and paternal kin are no longer significantly different from 

those in households with no long-term (fostering) networks, instead children in 

households with long-term (fostering) networks organised through maternal 

kin had higher z-weight (p = 0.017). 

 

 

  

Figure 10. Estimated marginal means (EMM) of z-weight in the post-harvest season (2016) by age 
group and presence (grey) or not (black) of an ‘other’ help network for households in Natarbora. 
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Table 26. Linear mixed models for household and network predictor variables on child z-weight (n = 159) in the post-harvest (2016) season in Natarbora. Household is 
included as a random factor to account for the clustering of children in households. Main effect p values for significant predictors with more than 2 categories are in italics. 

Variable categories  

(reference category) 

Individual & household (model 1 AIC = 

465.205, final model AIC = 460.600) a 

Individual & network (model 1 AIC = 462.441, 

final model AIC = 459.686) b  

Individual, household & network (before 

interaction AIC = 452.145, after interaction 

AIC = 418.252) c  

 Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p 

Sex          

Female  -1.384 (0.189) 0.241    0.341 (2.159) -1.160 (0.200) 0.033 

(Male)  -1.571 (0.184)      -1.501 (0.206)  

Age group   0.003   0.001   <0.001 

5.1-10 years -0.724 (-3.493) -1.781 (0.184) 0.001 -0.765 (-3.716) -1.436 (0.167) < 0.001 -0.782 (-2.914) -1.584 (0.217) 0.004 

2.1-5 years -0.539 (-2.506) -1.596 (0.205) 0.013 -0.552 (-2.590) -1.224 (0.183) 0.011  -1.861 (0.251) 0.289 

(0-2 years)  -1.057 (0.221)   -0.671 (0.213)   -0.546 (0.281)  

Cash   0.304      0.763 

Cows   0.304      0.019 

6+  -0.679 (-2.003) -1.958 (0.309) 0.050    -0.784 (-2.393) -1.875 (0.310) 0.021 

1-5   -1.197 (0.222) 0.741     -1.025 (0.234) 0.772 

(None)  -1.278 (0.176)      -1.091 (0.188)  

Rice crop   0.074      0.023 

Planning to make   -1.803 (0.411) 0.619     -1.756 (0.407) 0.311 

Have land but not making 0.643 (2.471) -0.950 (0.228) 0.017    0.631 (2.666) -0.721 (0.229) 0.010 

Yes  -1.564 (0.294) 0.928     -1.492 (0.275) 0.639 

(No)  -1.593 (0.167)      -1.352 (0.196)  
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a Initial Individual & household model included sex, age group, mother’s height, #resident children, grandmother, # “other adults”, type of cash access, type of toilet, cows, 

#appliances and whether the household was making a rice crop.  

b Initial Individual & network model included sex, age group, the kin orientation of the long-term (fostering) network and the absence/presence of a; food network, labour 

network, livestock network, seed network, money network, childcare network, healthcare network and “other help” network.  

c Individual, household and network model included sex, age group interactions with the presence of a household “other help” network and with the kin orientation of the long-

term (fostering) network, in addition to all the variables in the final household model and the final networks model.  

Results are presented as estimated marginal means (EMM) for categorical variables and parameter estimates (Covariates appearing in the model are evaluated at the following 

values: mother’s height (cm) = 152.50, # “other adults” = 0.51 and #appliances = 4.699.). Reference categories for categorical variables are in parentheses. Significant 

associations (p < 0.05) are shown in bold. Where retained variables are not significant, only the p value is reported. 

Variable categories  

(reference category) 

Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p 

Mother’s height   0.061    -  0.181 

# “Other adults”   0.147      0.221 

# Appliances 0.119 (2.044)  0.048      0.119 

“Other help”          

Yes    0.517 (2.183) -0.852 (0.235) 0.033  -1.135 (0.263) 0.098 

(No)     -1.369 (0.133)   -1.526 (0.167)  

Long-term (fostering) network      0.011   0.009 

Maternal & paternal    0.735 (2.805) -0.597 (0.255) 0.007  -1.064 (0.290) 0.806 

Paternal      -1.688 (0.342) 0.318  -1.959 (0.345) 0.156 

Maternal     -0.825 (0.279) 0.089 1.215 (2.423) -0.725 (0.294) 0.017 

(None)     -1.332 (0.136)   -1.573 (0.196)  

Age group * “other help”         < 0.001 

Age group * long-term 

(fostering) network 

        0.209 
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Unlike the final network model of z-weight for Natarbora, the final network 

model (step 2, Table 27, panel 2) of z-weight (AIC = 471.840, n = 163) in Ossu 

did not include “other help.” Like Natarbora, organisation of long-term 

(fostering) networks significantly predicted z-weight (p = 0.009); however, 

children in households with long-term (fostering) networks organised through 

maternal and paternal kin (rather than maternal kin only as seen in Natarbora) 

had higher child z-weight than households with no long-term (fostering) 

networks (p = 0.001). Unlike Natarbora, Ossu children in households with a 

seed network (p = 0.044) had lower z-weight than children in households with 

no seed network while children in households with a childcare network (p = 

0.015) had higher z-weight than children in households with no childcare 

network.  

 

Like Natarbora, amalgamation of the Ossu models for z-weight (step 3, Table 

27, panel 3; AIC = 473.648) reduced AIC by 15.694 units from the household 

model (step 1, Table 27, panel 1; AIC = 489.341). Including the interaction of 

the presence of a seed network and the kin orientation of the long-term 

(fostering) network by child’s age group improved model fit (combined model 

AIC = 463.775); however, interactions were not significant. Only the 

organisation of long-term (fostering) networks remained significant in the 

combined model; however, sub-categories were not significantly different from 

one another indicating that sample sizes may be too small or that other effects 

such as mother’s height (indicating the intergenerational effects on children’s 

growth) from the household model are attenuating network effects. Previous 

research indicates that mother’s height is a strong predictor of children’s 

growth in this population (Spencer et al., 2018b). 
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Table 27. Linear mixed models for household and network predictor variables on child z-weight (n = 163) in the post-harvest (2016) season in Ossu. Household is included 
as a random factor to account for the clustering of children in households. Main effect p values for significant predictors with more than 2 categories are in italics. 

Variable categories  

(reference category) 

Individual & household (model 1 AIC = 

494.911, final model AIC = 489.341) a 

Individual & networks (model 1 AIC = 

474.881, final model AIC = 471.840) b  

Individual, household & networks (before 

interaction AIC = 473.648, after interaction 

AIC = 463.775) c  

 Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p 

Age group   <0.001   <0.001   0.017 

5.1-10 years -1.237 (-5.402) -1.963 (0.117) < 0.001 -1.222 (-5.731) -1.847 (0.181) < 0.001 -1.268 (-3.815) -1.907 (0.196) < 0.001 

2.1-5 years -0.994 (-3.984) -1.690 (0.146) < 0.001 -0.910 (-3.954) -1.534 (0.211) < 0.001 -0.980 (-2.757) -1.451 (0.256) 0.007 

(0-2 years)  -0.735 (.207)   -0.625 (0.251)   -0.818 (0.374)  

Grandfather          

At least one present 0.411 (2.327) -1.247 (0.168) 0.032     -1.469 (0.240) 0.565 

(None)  -1.677 (0.123)      -1.545 (0.228)  

Mother’s height 0.036 (2.543)  0.012    0.033 (2.005)  0.050 

Seed network          

Yes    -0.596 (-2.061) -1.633 (0.281) 0.044  -1.654 (0.330) 0.255 

(No)     -1.037 (0.170)   -1.129 (0.173)  

Childcare network          

Yes    0.711 (2.507) -0.980 (0.285) 0.015  -1.140 (0.292) 0.082 

(No)     -1.691 (0.158)   -1.644 (0.173)  

Long-term (fostering) network      0.001   0.011 

Maternal & paternal    1.083 (3.445) -0.437 (0.323) 0.001  -0.584 (0.354) 0.177 

Paternal     -1.464 (0.237) 0.815  -1.504 (0.271) 0.665 
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a Initial Individual & household model included sex, age group, mother’s height, #parents, #resident children, grandmother, grandfather, household construction materials, and 

whether the household had a developed toilet.  

b Initial Individual & network model included sex, age group and the kin orientation of the long-term (fostering) network as well as the presence/absence of a: food network, 

labour network, livestock network, seed network, childcare network, healthcare network and “other help” network.  

c Individual, household and networks model included all the variables in the final household model and the final networks model as well as interactions of age group by the 

presence of a seed network and the kin orientation of the fostering network.  

Results are presented as estimated marginal means (EMM) for categorical variables and parameter estimates (Covariates appearing in the model are evaluated at the following 

values: mother’s height (cm) = 150.14.). Reference categories for categorical variables are in parentheses. Significant associations (p < 0.05) are shown in bold. Where retained 

variables are not significant, only the p value is reported. 

 

Variable categories  

(reference category) 

Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p 

Maternal     -1.921 (0.225) 0.076  -1.948 (0.249) 0.220 

(None)     -1.520 (0.210)   -1.531 (0.249)  

Age group * seed network         0.418 

Age group * long-term 

(fostering) network 

        0.821 
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 Summary of post-harvest season results 

Social networks, particularly those associated with fostering, influence rural 

Timorese children’s growth in the post-harvest season; however, the influence 

of these social networks on children’s growth varies with community. More 

social networks influence children’s growth in Ossu than in Natarbora (Table 

28); however, these social networks lose their significance after controlling for 

household characteristics indicating that variation in Ossu household 

characteristics might capture variation in Ossu social networks.  

 

In Natarbora, children in households with long-term (fostering) organised 

through maternal and paternal kin have higher z-BMI and z-weight. Children in 

households with long-term (fostering) networks organised through only 

paternal kin have lower z-height. Children in households with an “other help” 

network have higher z-BMI and z-weight.  

 

Table 28. Summary from linear mixed models of significant effects of social networks on z-height, 
z-BMI, and z-weight before and after controlling for and household characteristics in post-harvest 
Natarbora and Ossu.  

 Natarbora Ossu 

 z-height z-BMI z-weight z-height z-BMI z-weight 

Long-term 

(fostering) 

organisation 

Paternal 

kin – 

Maternal & 

paternal 

kin + 

Maternal & 

paternal 

kin + 

* Maternal 

kin – 

 

 * Maternal 

& paternal 

kin + 

Seeds      * - 

Childcare      * + 

“Other help”  + +    

* Results are significant in the network model but are not significant in the household and network 

model. 
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 Post-rainy season (2017) 

 Network variables in post-rainy Natarbora and Ossu 

More households were involved in each type of resource sharing in the post-

rainy season than in the post-harvest season (Table 29) which might indicate 

that households are responding to scarcity in household resources in the post-

rainy season. Among Natarbora households, the most commonly and least 

commonly participated in networks were like the post-harvest season. In 

contrast, Ossu households increased their participation in land/land access and 

“other help” networks which were least participated in the post-harvest season.  

 

Table 29. Percentage of households participating in at least one resource sharing event and the 
mean (SD) number of sharing events by resource type over the preceding 30 days in the post-rainy 
(2017) season in Natarbora (n = 86 households) and Ossu (n = 80 households). 

 Natarbora Ossu 

Resource  Households 

participating in 

a network (%) 

Mean events 

(SD)/participa

ting household 

Households 

participating in a 

network (%) 

Mean events 

(SD)/participa

ting household 

Fostering 70.6 2.00 (1.25) 86.3 1.91 (1.17) 

Healthcare 47.7 1.12 (0.33) 39.8 1.00 (0.00) 

Food  54.7 1.47 (0.72) 43.4 1.37 (0.77) 

Labour 36.0 1.26 (0.45) 13.3 1.27 (0.65) 

Seeds 38.4 1.36 (0.96) 6.0 1.20 (0.447) 

Money 26.7 1.52 (1.04) 28.9 1.13 (0.34) 

Livestock 23.3 1.35 (0.59) 10.8 1.00 (0.00) 

Land/land 

access 

20.9 1.11 (0.32) 28.9 1.08 90.28) 

Childcare 19.8 1.18 (0.53) 20.5 1.12 (0.33) 

“Other’ help 18.6 1.56 (0.73) 30.1 1.20 (0.50) 

 

Like the post-harvest season, food and money were given by households more 

than they were received by both Natarbora and Ossu households (Figure 11). 

Like the post-harvest season, Natarbora and Ossu households received foster 

children and healthcare more than they gave these resources. In both 

Natarbora and Ossu, the number of households participating in fostering 
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networks increased from the post-harvest to post-rainy season (Table 29) 

indicating that households might be moving children to households with more 

resources to support them during the resource scarce period.  Several 

resources are as commonly given as received; in Natarbora, labour, seeds, 

land/land access, childcare and “other help” are equally given as received and 

in Ossu, labour, animals, seeds, and childcare are equally given as received 

(Figure 11).  

 

 

Figure 11. Transfer events for 10 resource types that were given (light pattern) or received (dark 
pattern) by households in Natarbora (top) and Ossu (bottom) in the post-harvest (2016) season. 
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At the community-level, the percentage of transfers received was 

approximately equal to the percentage of transfers given per household in both 

Natarbora (Figure 12, top) and Ossu (Figure 12, bottom). 

 

 

Figure 12. Percentage of transfer events that were received (dark pattern) or given (light pattern) 
per household in Natarbora (top) and Ossu (bottom) in the post-rainy (2017) season. One 
household equals one bar. Households with a 100% received transfers are on the left-hand side, 
households with 100% given transfers are on the right-hand side. 
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In post-rainy Natarbora children in households with more money sharing had 

higher z-weight (p = 0.001, Table 30) and z-BMI (p = 0.011). More childcare 

sharing was associated with higher z-weight (p = 0.037). More “other help” 

sharing was associated with larger z-MUAC (p = 0.039). The number of food, 

labour and land/land access events had no relationship to child growth 

measures (not shown). The kin affiliation and generation of long-term 

(fostering) networks were not associated with child growth measures (not 

shown).  

 

Table 30. Bivariate associations (test parameter and significance) of household personal network 
variables with child growth measures in post-rainy season (2017) in Natarbora 

Variable flow events 

(statistical test) 

z-height z-weight z-BMI z-MUAC z-head 

#Livestock events  

(Pearson) 

r = 0.002 

p = 0.976 

r = 0.080 

p = 0.316 

r = 0.108 

p = 0.069 

r = 0.062 

p = 0.585 

r = 0.107 

p = 0.341 

#Seed events  

(Pearson) 

r = 0.000 

p = 0.994 

r = -0.007 

p = 0.929 

r = -0.031 

p = 0.600 

r = 0.211 

p = 0.060 

r = 0.040 

p = 0.725 

#Money events  

(Pearson) 

r = 0.030 

p = 0.615 

r = 0.259 

p = 0.001 

r = 0.151 

p = 0.011 

r = 0.125 

p = 0.270 

r = 0.104 

p = 0.357 

#Childcare events  

(Pearson) 

r = 0.048 

p = 0.415 

r = 0.166 

p = 0.037 

r = 0.058 

p = 0.334 

r = -0.037 

p = 0.741 

r = 0.132 

p = 0.238 

#Health care/info 

events (Pearson) 

r = 0.098 

p = 0.098 

r = 0.140 

p = 0.080 

r = 0.022 

p = 0.709 

r = 0.168 

p = 0.137 

r = 0.154 

p = 0.169 

 # “Other help” events  

(Pearson) 

r = 0.115 

p = 0.051 

r = 0.116 

p = 0.145 

r = 0.040 

p = 0.506 

r = 0.231 

p = 0.039 

r = 0.089 

p = 0.432 

Associations with P < 0.1 are shown in bold.  
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In Ossu, only food sharing was positively associated to child growth; 

households with more food sharing showed a positive trend relationship with 

MUAC (p = 0.065, Table 31). Children in households with more healthcare 

sharing had lower z-weight (p = 0.027) and lower z-BMI (p = 0.027). 

Households with more sharing of “other help” had lower child z-BMI (p = 

0.005). Households with more childcare sharing had lower z-BMI (p = 0.041). 

Labour, livestock, seeds, money, and land/land access sharing and the 

generation of long-term (fostering) networks were not associated with any 

child growth measures (not shown). 

 

Table 31. Bivariate associations (test parameter and significance) of household personal network 
variables with child growth measures in post-rainy season (2017) in Ossu 

Variable flow events 

(statistical test) 

z-height z-weight z-BMI z-MUAC z-head 

#Food events  

(Pearson) 

r = 0.094 

p = 0.108 

r = 0.128 

p = 0.109 

r = 0.043 

p = 0.466 

r = 0.232 

p = 0.065 

r = 0.193 

p = 0.132 

#Childcare events  

(Pearson) 

r = 0.011 

p = 0.854 

r = -0.155 

p = 0.053 

r = -0.120 

p = 0.041 

r = -0.192 

p = 0.128 

r = -0.173 

p = 0.179 

#Health care/info 

events (Pearson) 

r = 0.019 

p = 0.748 

r = -0.176 

p = 0.027 

r = -0.129 

p = 0.027 

r = -0.178 

p = 0.158 

r = 0.083 

p = 0.523 

# “Other help” events 

(Pearson) 

r = -0.001 

p = 0.991 

r = -0.109 

p = 0.174 

r = -0.165 

p = 0.005 

r = 0.062 

p = 0.628 

r = -0.074 

p = 0.570 

Long-term (fostering_ 

network a (ANOVA) 

F = 5.667 

p = 0.001 

F = 2.376 

p = 0.072 

F = 0.920 

p = 0.432 

F = 2.546 

p = 0.064 

F = 0.017 

p = 0.997 

Associations with P < 0.1 are shown in bold. 

a Long-term (fostering) network category: no fostering, fostering relationships with the maternal kin, 

with paternal kin, or both maternal and paternal kin. 
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Children in households with long-term (fostering) networks organised through 

paternal kin have lower z-height while children in households with no long-

term (fostering) networks showed a trend for lower z-weight (Figure 13).  

 

 

Figure 13. Mean WHO z-scores for five child growth measures by type of long-term (fostering) 
network in post-rainy (2017) season Ossu. Long-term (fostering) network: none (blue), organised 
through maternal kin (green), organised through paternal kin (yellow), and organised through 
maternal and paternal kin (purple). B indicates Bonferroni post hoc test, ** p < 0.05, * p < 0.1. 

 

 Household resources in post-rainy Natarbora and Ossu 

In post-rainy Natarbora, there were some small variations in household 

resources from the post-harvest season. Five percent more households 

received a salary in the post-rainy (27.9%) than in the post-harvest season 

(23.1%); however, households in the post-harvest and post-rainy season had 

similar access to the cash economy. This is probably due to a slightly smaller 
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sample size in the post-rainy season. More households were cultivating garden 

crops in the post-harvest season (64.8%) than the post-rainy season (57%) 

while more households were not cultivating a rice crop in the post-rainy 

(18.6%) than in the post-harvest (15.4%) season. Household-level variables 

selected for modelling were the same as the post-harvest season.  

 

Ossu households had fewer resources in the post-rainy season than in the post-

harvest season. Most households (95.2%) had access to the cash economy in 

the post-rainy season but only 30.1% of households received a salary 

(approximately 12% fewer than in the post-harvest season). As in Natarbora, 

household-level variables selected for modelling were the same as the post-

harvest season.  

 

 Predicting child growth measures in post-rainy Natarbora and Ossu 

As in the post-harvest season, children’s individual characteristics consistently 

predict child growth measures. In Natarbora, individual-level characteristics 

contributing to predicting children’s z-height in the post-harvest season were 

also predictive in the post-rainy season (Table 32). In Ossu, child age group was 

the best predictor of z-height; older children were taller for age (Table 33). 

Children with taller mothers had higher z-height. Girls’ z-height was greater 

than boys. In both Natarbora (Table 34) and Ossu (Table 35), older children 

had lower z-BMI and boys had lower z-BMI than girls. In Natarbora, z-weight 

was not predicted by any individual child characteristic in the post-rainy 

season (Table 36). In contrast, Ossu children’s z-weight was best predicted by 

child age group and mother’s height; children with taller mothers had higher z-

weight while older children had lower z-weight (Table 37). Boys and girls had 

comparable z-weight. 

 

As in the post-harvest season, household characteristics predicted some 

variation in Timorese children’s growth. In Natarbora, children in households 

with an unused rice paddy had higher z-height (Table 32), z-BMI (Table 34) and 
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z-weight (Table 36) than children in households without land. Children in 

household with a developed toilet were taller (Table 32) and heavier (Table 36) 

for age than children in households with a traditional or no toilet. Households 

with more appliances had taller children for age. Children in households with 

more chickens had lower z-height (Table 32) and lower z-weight (Table 36). 

Children in households with only a mother or no parents have lower z-BMI than 

children in two parent households (Table 34). Children in households with 

more “other adults” have higher z-BMI.  

 

In Ossu, children in households with more children have lower z-height (Table 

33). Children in households with a pension and a salary were taller for age than 

households without access to a pension or salary. Children in households with a 

grandfather present had higher z-BMI (Table 35) and higher z-weight (Table 

37) than children in households with no grandfather.  

 

In the final network model (step 2, Table 32, panel 2) of z-height (AIC = 

775.780, n = 285) for Natarbora, there was a trend for children in households 

with an “other help” network to be taller for age than children in households 

without one (p = 0.055).  

 

Amalgamation of Natarbora models of z-height (step 3, Table 32, panel 3; AIC 

=759. 974) increased AIC by 1.434 units from the household model (step 1, 

Table 32, panel 1; AIC = 758.540). Including the interaction of the “other help” 

network by child’s age group improved model fit only marginally (combined 

model AIC = 755.642); however, the interaction was not significant. The effect 

of the presence of an “other help” network on children’s z-height loses its trend 

after controlling for household characteristics indicating that household 

characteristics and mother’s height are stronger predictors of children’s 

growth. 
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Table 32. Linear mixed models for household and network predictor variables on child z-height (n = 285) in the post-rainy (2017) season in Natarbora. Household is 
included as a random factor to account for the clustering of children in households. Main effect p values for significant predictors with more than 2 categories are in italics. 

Variable categories  

(reference category) 

Individual & household (model 1 AIC = 

780.270, final model AIC = 758.540) a 

Individual & networks (model 1 AIC = 

786.428, final model AIC = 775.780) b  

Individual, household & networks (before 

interactions AIC =759. 974, after interactions 

AIC = 755.642) c  

 Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p 

Sex          

Female 0.297 (2.839) -1.632 (0.100) 0.005 0.302 (3.024) -1.443 (0.111) 0.018 0.316 (2.982) -1.598 (0.123) 0.003 

(Male)  -1.929 (0.102)   -1.695 (0.110)   -1.914 (0.122)  

Age group   <0.001   <0.001   0.003 

15.1 – 19 years 0.683 (3.140) -1.608 (0.152) 0.002 0.675 (2.981) -1.438 (0.167) 0.003 0.833 (3.283) -1.696 (0.225) 0.001 

10.1 – 15 years 0.561 (3.017) -1.730 (0.113) 0.003 0.612 (3.159) -1.502 (0.128) 0.002 0.707 (3.202) -1.793 (0.186) 0.002 

5.1 – 10 years 0.895 (4.799) -1.396 (0.117) < 0.001 0.928 (4.858) -1.186 (0.125) < 0.001 1.038 (4.577) -1.407 (0.144) < 0.001 

2.1 – 5 years 0.413 (1.987) -1.878 (0.152) 0.048 0.508 (2.381) -1.606 (0.157) 0.018  -1.660 (0.205) 0.064 

(0-2 years)  -2.291 (0.172)   -2.113 (0.177)   -2.223 (0.182)  

Toilet          

Developed toilet 0.355 (2.541) -1.603 (0.085) 0.014    0.338 (2.332) -1.586 (0.104) 0.023 

(None or traditional toilet)  -1.958 (0.132)      -1.925 (0.155)  

Rice crop   0.087      0.112 

Planning to make   -1.642 (0.233) 0.296     -1.646 (0.251) 0.386 

Have land but not making 0.317 (2.151) -1.582 (.128) 0.035    0.323 (2.096) -1.543 (0.142) 0.040 

Yes  -2.000 (0.142) 0.538     -1.966 (0.163) 0.553 

(No)  -1.899 (0.096)      -1.866 (0.120)  
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a Initial Individual & household resources model included sex, age group, mother’s height, #parents, # resident children, grandmother, # “other adults”, type of cash access, type 

of toilet, frequency of eating eggs, house construction materials, cows, pigs, chickens, #appliances and whether the household was making a rice crop.  

b Initial Individual & networks model included sex, age group, the kin orientation of the long-term (fostering) network and the presence/absence of a; food network, labour 

network, livestock network, seed network, money network, childcare network, healthcare network and “other help” network.  

c Individual, household and networks model included sex, age group and age group interactions with the presence of a household “other help” network, in addition to all the 

variables in the final household model and the final networks model.  

Results are presented as estimated marginal means (EMM) for categorical variables and parameter estimates (Covariates appearing in the model are evaluated at the following 

values: mother’s height (cm) = 152.58 and #appliances = 4.446.). Reference categories for categorical variables are in parentheses. Significant associations (p < 0.05) are shown 

in bold. Where retained variables are not significant, only the p value is reported. 

Variable categories  

(reference category) 

Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p 

Chickens   0.003      0.007 

10+ -0.364 (-2.044) -1.865 (.160) 0.045     -1.820 (0.183) 0.095 

6-10 -0.620 (-3.717) -2.121 (0.134) <0.001    -0.594 (-3.445) -2.099 (0.149) 0.001 

1-5  -1.635 (0.132) 0.420     -1.599 (0.151) 0.572 

(None)  -1.501 (0.124)      -1.505 (0.142)  

Mother’s height 0.048 (3.552)  0.001    0.042 (2.899)  0.005 

# Appliances 0.083 (2.556)  0.013    0.083 (2.488)  0.015 

“Other help” network         0.472 

Yes     -1.382 (0.174) 0.055  -1.691 (0.177)  

(No)     -1.756 (0.084)   -1.821 (0.095)  

Age group * “other help” 

network 

        0.395 
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Unlike the final network model of z-height for Natarbora, in the final network 

model (step 2, Table 33, panel 2) of z-height (AIC = 717.417, n = 296) for Ossu, 

children in households with long-term (fostering) networks organised through 

paternal kin (p = 0.023) have lower z-height than children in households with 

no long-term (fostering) networks.  

 

Like Natarbora, amalgamation of Ossu models for z-height (step 3, Table 33, 

panel 3; AIC = 717.792) increased AIC by 3.211 units from the household model 

(step 1, Table 33, panel 1; AIC = 714.581). Including the interaction of the kin 

orientation of the long-term (fostering) network by child’s age group improved 

model fit (combined model AIC = 696.002). The youngest children (0-2 years) 

in households who have long-term (fostering) networks with maternal and 

paternal kin have the poorest height-for-age compared to other children 

(Figure 14); however, the 0-2 age group in households with long-term 

(fostering) networks organised through maternal and paternal kin is small (n = 

7). 
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Figure 14. Estimated marginal means (EMM) of height-for-age in the post-rainy (2017) season) by 
age group and type of long-term (fostering) network in Ossu. Long-term (fostering) network: none 
(black solid), organised through maternal kin (black dotted), organised through paternal kin 
(grey solid), and organised through maternal and paternal kin (grey dotted). 
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Table 33. Linear mixed models for household and network predictor variables on child z-height (n = 296) in the post-rainy (2017) season in Ossu. Household is included as a 
random factor to account for the clustering of children in households. Main effect p values for significant predictors with more than 2 categories are in italics. 

Variable categories  

(reference category) 

Individual & household (model 1 AIC = 

740.627, final model AIC = 714.581) a 

Individual & networks (model 1 AIC = 

723.070, final model AIC = 717.417) b 

Individual, household & networks (before 

interaction AIC = 717.792, after interaction 

AIC = 696.002) c 

 Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p 

Sex          

Female 0.229 (2.565) -2.135 (0.080) 0.011 0.184 (2.003) -2.206 (0.080) 0.046 0.221 (2.445) -2.122(0.085) 0.015 

(Male)  -2.364 (0.084)   -2.390 (0.081)   -2.343 (0.087)  

Age group   <0.001   0.004   <0.001 

15.1-19 years 0.761 (3.789) -1.993 (0.115) 0.000 0.627 (3.090) -2.074 (0.116) 0.002  -1.936 (0.124) 0.167 

10.1-15 years 0.595 (3.144) -2.159 (0.090) 0.002 0.494 (2.582) -2.206 (0.092) 0.010  -2.153 (0.096) 0.302 

5.1-10 years 0.760 (4.020) -1.994 (0.092) 0.000 0.627 (3285) -2.073 (0.091) 0.001  -1.955 (0.097) 0.696 

2.1-5 years  -2.349 (0.128) 0.052  -2.434 (0.127) 0.203  -2.341(0.133) 0.187 

(0-2 years)  -2.754 (0.176)   -2.701 (0.175)   -2.776 (0.177)  

Cash    0.030      0.027 

Pension & business  -2.188 (0.193) 0.099    0.489 (2.110) -2.083 (0.211) 0.040 

Pension & day labour  -2.174 (0.187) 0.081     -2.258 (0.197) 0.158 

Pension & salary 0.582 (3.412) -1.967 (0.138) 0.001    0.587 (3.145) -1.984 (0.154) 0.003 

Salary  -2.228 (0.145) 0.065    0.433 (2.380) -2.139 (0.155) 0.021 

Pension  -2.393 (0.164) 0.409     -2.359 (0.171) 0.284 

(No access to pension or salary)  -2.549 (0.103)      -2.571 (0.108)  

Mother’s height 0.040 (3.485)  0.001    0.029 (2.325)  0.022 
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a Initial Individual & household model included sex, age group, mother’s height, fostering status, #parents, #resident children, grandmother, grandfather, type of cash access, 

frequency of eating eggs, household construction materials, cows, pigs, chickens, #appliances and whether the household is making a garden crop.  

b Initial Individual & network model included sex, age group and the kin orientation of the long-term (fostering) network as well as the presence/absence of a: food network, 

labour network, livestock network, seed network, childcare network, healthcare network and “other help” network.  

c Individual, household and networks model included sex, age group and age group interactions with the kin orientation of the long-term (fostering) network, in addition to all 

the variables in the final household model and the final networks model.  

Results are presented as estimated marginal means (EMM) for categorical variables and parameter estimates (Covariates appearing in the model are evaluated at the following 

values: mother’s height (cm) = 149.93 and #resident children = 5.19.). Reference categories for categorical variables are in parentheses. Significant associations (p < 0.05) are 

shown in bold. Where retained variables are not significant, only the p value is reported. 

Variable categories  

(reference category) 

Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p 

#Resident children -0.058 (-2.097)  0.041      0.068 

Long-term (fostering) network      0.057   0.466 

Maternal & paternal     -2.144 (0.117) 0.903  -2.253 (0.138)  

Paternal only    -0.446 (-2.323) -2.612 (0.139) 0.023  -2.406 (0.152)  

Maternal only     -2.270 (0.109) 0.540  -2.177 (0.121)  

(No fostering network)     -2.166 (0.135)   -2.093 (0.151)  

Age group * long-term (fostering) 

network 

        0.012 
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In the final network model (step 2, Table 34, panel 2) of z-BMI (AIC = 826.838, 

n = 284) for Natarbora, children in households with a livestock network (p = 

0.023) have higher z-BMI than children in households without a livestock 

network.  

 

Combining the two Natarbora models for z-BMI (step 3, Table 34, panel 3; AIC = 

813.592) reduced AIC by 6.686 units from the household model (step 1, Table 

34, panel 1; AIC = 820.278). Including the interactions of the presence of a 

livestock and childcare network by age group improved model fit by a further -

5.304 units (combined model AIC = 808.288) even though neither interaction 

was a significant independent predictor. The effect of the presence of a 

livestock network on children’s z-BMI loses significance after controlling for 

household characteristics. Household composition, such as the number of 

adults and parents, and characteristics, such as not working a rice paddy, 

suggest the factors which reduce children’s work load and energy expenditure 

are critical when resource are scarce.  
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Table 34. Linear mixed models for household and network predictor variables on child z-BMI (n = 284) in the post-rainy (2017) season in Natarbora. Household is included 
as a random factor to account for the clustering of children in households. Main effect p values for significant predictors with more than 2 categories are in italics. 

Variable categories  

(reference category) 

Individual & household (model 1 AIC = 

843.460, final model AIC = 820.278) a  

Individual & networks (model 1 AIC = 

839.805, final model AIC = 826.838) b  

Individual, household & networks (before 

interaction AIC = 813.592, after interaction AIC 

=808.288) c  

 Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p 

Sex          

Female 0.310 (2.613) -1.064 (0.160) 0.009 0.300 (2.498) -0.733 (0.113) 0.013 0.304 (2.497) -1.074 (0.165) 0.013 

(Male)  -1.374 (0.162)   -1.033 (0.119)   -1.378 (0.169)  

Age group   <0.001   <0.001   <0.001 

15.1 – 19 years -1.157 (-4.639) -1.548 (0.204) < 0.001 -1.114 (-4.432) -1.186 (0.181) < 0.001 -1.135 (-3.706) -1.491 (0.270) < 0.001 

10.1 – 15 years -1.334 (-6.272) -1.725 (0.167) < 0.001 -1.342 (-6.209) -1.413 (0.133) < 0.001 -1.293(-4.774) -1.819 (0.204) < 0.001 

5.1 – 10 years -1.062 (-4.972) -1.454 (0.169) < 0.001 -1.052 (-4.860) -1.123 (0.136) < 0.001 -1.046 (-3.851) -1.426 (0.202) < 0.001 

2.1 – 5 years -0.583 (-2.455) -0.975 (0.210) 0.015 -0.551 (-2.292) -0.622 (0.167) 0.023  -1.053 (0.243) 0.119 

(0-2 years)  -0.392 (0.223)   -0.072 (.197)   -0.342 (0.259)  

# Parents          

Mother only or no parents -0.617 (-2.277) -1.527 (0.268) 0.025    -0.675 (-2.469) -1.564 (0.269) 0.015 

(Mother & father)  -0.910 (0.098)      -0.889 (0.114)  

Cows   0.087      0.063 

6+  -1.501 (0.214) 0.051     -0.343 (-1.679) 0.098 

1-5  -1.064 (0.174) 0.860     0.136 (0.864) 0.391 

(none)  -1.091 (0.164)        

Rice crop   0.041      0.024 
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a Initial Individual & household model included sex, age group, mother’s height, #parents, #resident children, grandmother, # “other adults”, type of cash access, type of toilet, 

frequency of eating eggs, house construction materials, cows, pigs, chickens, #appliances and whether the household was making a rice crop. 

b Initial Individual & networks model included sex, age group, the kin orientation of the long-term (fostering) network and the presence/absence of a; food network, labour 

network, livestock network, seed network, money network, childcare network, healthcare network and “other help” network.  

c Individual, household and networks model included sex, age group and age group interactions with the presence of a household livestock network and childcare, in addition to 

all the variables in the final household model and the final networks model.  

Results are presented as estimated marginal means (EMM) for categorical variables and parameter estimates (Covariates appearing in the model are evaluated at the following 

values: # “other adults” = 0.55.). Reference categories for categorical variables are in parentheses. Significant associations (p < 0.05) are shown in bold. Where retained 

variables are not significant, only the p value is reported. 

Variable categories  

(reference category) 

Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p 

Planning to make   -1.386 (0.289) 0.980     -1.527 (0.290) 0.575 

Have land but not making 0.520 (2.967) -0.873 (0.180) 0.004    0.498 (2.866) -0.863 (0.179) 0.006 

Yes  -1.223 (0.217) 0.368     -1.153 (0.223) 0.261 

(No)  -1.393 (0.160)      -1.361 (0.169)  

# “Other adults” 0.206 (2.326)  0.023    0.189 (2.161)  0.034 

Livestock network          

Yes    0.416 (2.329) -0.675 (0.153) 0.023  -0.988 (0.187) 0.915 

(No)     -1.091 (0.111)   -1.464 (0.175)  

Childcare network         0.144 

Yes     -1.035 (0.166) 0.118  -1.369 (0.203)  

(No)     -0.732 (.102)   -1.083 (0.160)  

Age group * livestock network         0.831 

Age group * childcare network         0.504 
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In the final network model (step 2, Table 35, panel 2) of z-BMI (AIC = 808.037, 

n = 294) for Ossu, children in households with a healthcare network have lower 

z-BMI than households with no healthcare network (p = 0.027). Children in 

households with an “other help” network have lower z-BMI than households 

with no “other help” network (p = 0.019). 

 

Like Natarbora, amalgamation of the two Ossu models (step 3, Table 35, panel 

3; AIC = 811.852) reduced AIC by 3.055 units from the household model (step 

1, Table 35, panel 1; AIC = 814.907) but the effects of the presence of an “other 

help” and a healthcare network on children’s z-BMI lose significance after 

controlling for household characteristics. The effect of having a healthcare 

network and having an ‘other’ help network did not appear to vary with 

children’s growth in Ossu as neither were significantly associated with z-MUAC 

or z-head at the bivariate level (p 117); therefore, interactions of network 

variables with children’s age were not included.  
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Table 35. Linear mixed models for household and network predictor variables on child z-BMI (n = 294) in the post-rainy (2017) season in Ossu. Household is included as a 
random factor to account for the clustering of children in households. Main effect p values for significant predictors with more than 2 categories are in italics. 

Variable categories (reference 

category) 

Individual & household (model 1 AIC = 

840.039, final model AIC = 814.907) a 

Individual & network (model 1 AIC = 813.610, 

final model AIC = 808.037 b 

Individual, household & networks (AIC = 

811.852) c 

 Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p 

Sex          

Female 0.364 (3.314) -0.380 (0.097) 0.001 0.407 (3.736) -0.454 (0.093) < 0.001 0.398 (3.624) -0.458 (0.102) < 0.001 

(Male)  -0.744 (0.106)   -0.861 (0.100)   -0.856 (0.115)  

Age group   <0.001   <0.001   <0.001 

15.1-19 years -1.179 (-4.757) -0.720 (0.139) < 0.001 -1.236 (-5.018) -0.852 (0.138) < 0.001 -1.153 (-4.657) -0.819 (0.142) < 0.001 

10.1-15 years -1.602 (-6.844) -1.143 (0.113) < 0.001 -1.645 (-7.094) -1.261 (0.108) < 0.001 -1.574 (-6.759) -1.240 (0.119) < 0.001 

5.1-10 years -1.399 (-5.957) -0.940 (0.117) < 0.001 -1.422 (-6.107) -1.038 (0.107) < 0.001 -1.358 (-5.813) -1.024 (0.121) < 0.001 

2.1-5 years -0.925 (-3.616) -0.466 (0.160) < 0.001 -0.904 (-3.544 -0.520 (0.152) < 0.001 -0.869 (-3.409) -0.535 (0.163) 0.001 

(0-2 years)  0.459 (.218)   0.384 (0.218)   0.334 (0.222)  

Grandfather          0.143 

At least one present 0.319 (2.047) -0.402 (0.134) 0.045     -0.541 (0.143)  

(None)  -0.721 (0.095)      -0.773 (0.096)  

Fostering status   0.084      0.142 

Bio. child in foster household 0.024 (0.155) -0.432 (0.096) 0.877     -0.547 (0.105)  

Foster child in foster 

household 

-0.342 (-1.733) -0.798 (0.159) 0.085     -0.869 (0.161)  

(Bio. child in n. foster 

household) 

 -0.456 (0.133)      -0.555 (0.137)  
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a Initial Individual & household model included sex, age group, mother’s height, fostering status, #parents, # resident children, grandmother, grandfather, type of cash access, 

frequency of eating eggs, household construction materials, cows, pigs, chickens, #appliances and whether the household is making a garden crop.  

b Initial Individual & network model included sex, age group and the kin orientation of the long-term (fostering) network as well as the presence/absence of a: food network, 

labour network, livestock network, seed network, childcare network, healthcare network and “other help” network.  

c Individual, household and networks model included sex, age group, in addition to all the variables in the final household model and the final networks model.  

Results are presented as estimated marginal means (EMM) for categorical variables and parameter estimates (Covariates appearing in the model are evaluated at the following 

values: #appliances = 4.26.). Reference categories for categorical variables are in parentheses. Significant associations (p < 0.05) are shown in bold. Where retained variables 

are not significant, only the p value is reported. 

# Appliances   0.078      0.273 

Variable categories (reference 

category) 

Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p 

Healthcare network         0.088 

Yes    -0.308 (-2.253) -0.811 (0.112) 0.027  -0.778 (0.123)  

(No)     -0.503 (0.098)   -0.536 (0.111)  

“Other help” network         0.066 

Yes    -0.349 (-2.402) -0.832 (0.126) 0.019  -0.799 (0.142)  

(No)     -0.483 (0.086)   -0.514 (0.094)  
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In the final network model (step 2, Table 36, panel 2) for z-weight (AIC = 

446.329, n = 158) for Natarbora, there is a trend for children in households 

with a livestock network to be heavier for their age.  

 

Amalgamation of the two Natarbora models (step 3, Table 36, panel 3; AIC = 

431.017) reduced AIC by 1.901 units from the household model (step 1, Table 

36, panel 1; AIC = 432.918). Interactions of age group with a livestock network 

and an “other help” network further improved model fit (combined model AIC 

= 428.578) but no network variables predict children’s z-weight. 
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Table 36. Linear mixed models for household and network predictor variables on child z-weight (n = 158) in the post-rainy (2017) season in Natarbora. Household is 
included as a random factor to account for the clustering of children in households. Main effect p values for significant predictors with more than 2 categories are in italics. 

Variable categories  

(reference category) 

Individual & household (model 1 AIC = 

446.335, final model AIC = 432.918) a 

Individual & networks (model 1 AIC = 

453.940, final model AIC = 446.329) b  

Individual, household & networks (before 

interaction AIC = 431.017, after interaction AIC 

=428.578) c  

 Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p 

Age group         0.846 

Toilet          

Developed toilet 0.472 (2.176) -1.365 (0.129) 0.034     -1.228 (0.148) 0.087 

(Traditional or no toilet)  -1.837 (0.202)      -1.596 (0.225)  

Chickens   0.038      0.012 

10+  -1.737 (0.246) 0.091     -1.552 (0.266) 0.075 

6-10 -0.695 (2.800) -1.962 (0.195) 0.007    -0.777 (-3.201) -1.837 (0.200) 0.002 

1-5  -1.438 (0.200) 0.477     -1.197 (0.224) 0.560 

(None)  -1.267 (0.185)      -1.061 (0.200)  

Rice crop   0.005      0.005 

Planning to make   -1.333 (0.357) 0.078     -1.171 (0.369) 0.104 

Have land but not making 0.787 (3.571) -1.226 (0.185) 0.001    0.768 (3.581) -1.034 (0.199) 0.001 

Yes  -1.833 (0.214) 0.478     -1.640 (0.233) 0.510 

(No)  -2.013 (0.150)      -1.802 (0.177)  

Livestock network          

Yes     -1.152 (0.213) 0.094  -1.250 (0.212) 0.143 

(No)     -1.550 (0.141)   -1.574 (0.171)  
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a Initial Individual & household model included sex, age group, mother’s height, grandmother, #parents, # “other adults”, type of toilet, cows, chickens, #appliances and whether 

the household was making a rice crop.  

b Initial Individual & networks model included sex, age group, the kin orientation of the long-term (fostering) network and presence/absence of a; food network, labour 

network, livestock network, seed network, money network, childcare network, healthcare network and “other help” network.  

c Individual, household and networks model included age group and age group interactions with the presence of a household livestock network and “other help” network, in 

addition to all the variables in the final household model and the final networks model.  

Results are presented as estimated marginal means (EMM) for categorical variables and parameter estimates. Reference categories for categorical variables are in parentheses. 

Significant associations (p < 0.05) are shown in bold. Where retained variables are not significant, only the p value is reported. 

 

Variable categories  

(reference category) 

Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p 

“Other help” network         0.417 

Yes     -1.168 (0.231) 0.156  -1.316 (0.240)  

(No)     1.533 (0.128)   -1.507 (0.141)  

Age group * livestock network         0.537 

Age group * “other help” network         0.078 
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In contrast to the final network model of z-weight for Natarbora, the final 

network model (step 2, Table 37, panel 2) of z-weight (AIC = 376.078, n = 157) 

for Ossu indicated children in households with an “other help” network have 

lower z-weight than households with no “other help” network (p = 0.041). 

Removing whether the household had a labour network increased AIC 0.413 

and further removal of least significant variables similarly increased AIC by 

small increments; thus, these networks were included in the model. 

 

Like Natarbora, amalgamation of the two Ossu models for z-weight (step 3, 

Table 37, panel 3; AIC = 373.141) did not improve model fit over that including 

only individual and household characteristics (step 1, Table 37, panel 1; AIC = 

373.394). The effect of the presence of an “other help” on children’s z-weight 

loses significance after controlling household characteristics and mother’s 

height.  
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Table 37. Linear mixed models for household and network predictor variables on child z-weight (n = 157) in the post-rainy (2017) season in Ossu. Household is included as a 
random factor to account for the clustering of children in households. Main effect p values for significant predictors with more than 2 categories are in italics. 

Variable categories (reference 

category) 

Individual & household (model 1 AIC = 

386.164, final model AIC = 373.394) a 

Individual & network (model 1 AIC = 378.980, 

final model AIC = 376.078) b 

Individual, household & networks (AIC = 

373.141) c 

  Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p Estimate (t) EMM (SE) p 

Sex      0.108   0.087 

Age group   0.011   0.028   0.057 

5.1-10 years -0.530 (-3.056) -1.930 (0.096) 0.003 -0.480 (-2.677) -2.219 (0.202) 0.008  -1.024 (0.121)  

2.1-5 years -0.382 (-2.024) -1.782 (0.125) 0.045  -2.062 (0.229) 0.100  -0.535 (0.163)  

(0-2 years)  -1.400 (.153)   -1.739 (0.251)   0.334 (0.222)  

Grandfather          0.288 

At least one present 0.359 (2.178) -1.525 (0.132) 0.034     -0.541 (0.143)  

(None)  -1.884 (0.097)      -0.773 (0.096)  

Mother’s height 0.036 (2.667)  0.011      0.093 

Labour network      0.395   0.972 

Seed network      0.297   0.955 

Healthcare network      0.184   0.365 

“Other help” network         0.341 

Yes    -0.214 (-1.348) -2.205 (0.244) 0.041  -1.889 (0.160)  

(No)     -1.809 (0.207)   -1.696 (0.099)  

Long-term (fostering) network      0.121   0.663 

Age group * long-term 

(fostering) network 

        0.554 
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a Initial Individual & household model included sex, age group, mother’s height, fostering status, #resident children, grandmother, grandfather, type of cash access, toilet and 

#appliances.  

b Initial Individual & network model included sex, age group and the kin orientation of the long-term (fostering) network as well as the presence/absence of a: food network, 

labour network, livestock network, seed network, childcare network, healthcare network and “other help” network.  

c Individual, household and networks model included sex, age group and age group interactions with the kin orientation of the long-term (fostering) network, in addition to all 

the variables in the final household model and the final networks model.  

Results are presented as estimated marginal means (EMM) for categorical variables and parameter estimates (Covariates appearing in the model are evaluated at the following 

values: mother’s height (cm) = 149.87.). Reference categories for categorical variables are in parentheses. Significant associations (p < 0.05) are shown in bold. Where retained 

variables are not significant, only the p value is reported. 
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 Summary of post-rainy season results 

Compared to the post-harvest season, social networks have very little effect on 

children’s growth in the post-rainy season. A few social networks influence 

children’s growth in Ossu (Table 38); however, these social networks lose their 

significance after controlling for household characteristics and mother’s height. 

No social networks appear to influence children’s growth in Natarbora.  

 

Table 38. Summary from linear mixed models of significant effects of social networks on z-height, 
z-BMI, and z-weight before and after controlling for and household characteristics in post-harvest 
Natarbora and Ossu. 

 Natarbora Ossu 

 z-height z-BMI z-weight z-height z-BMI z-weight 

Long-term 

(fostering) 

organisation 

   * Paternal 

kin – 

 

  

Healthcare     * –    

“Other help”     * –  * –  

* Results are significant in the network model but are not significant in the household and network 

model. 
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 Seasonal change in z-weight and z-BMI 

To characterise the change in z-weight and z-BMI across seasons, children must 

be measured before and after the rainy season; only 214 and 230 children 

satisfied this criterion in Natarbora and Ossu, respectively. Previous findings in 

these populations indicate that children slow their growth over the rainy 

season demonstrated through negative season changes in growth measures 

(Spencer, 2018),. In Natarbora, z-weight and z-MUAC significantly declined 

(Table 39) over the rainy season while in Ossu, no growth measures 

significantly changed over the rainy season (Table 39). As expected, given the 

6-month time period between seasonal data collection, children’s z-height does 

not significantly change over the rainy season.  

 

Table 39. Mean WHO z-score for five children’s growth measures for the post-harvest (2016) and 
post-rainy (2017) season in Natarbora and Ossu with associated paired t-test. 

 Natarbora Ossu 

Growth 

measure (N) 

z-height 

(231) 

z-weight 

(104) 

z-BMI 

(203) 

z-MUAC 

(59) 

z-height 

(237) 

z-weight 

(119) 

z-BMI 

(225) 

z-MUAC 

(46) 

2016 𝒙  

 (SD) 

-1.60 

(1.00) 

-1.54 

(0.95) 

-1.10 

(0.96) 

-0.52 

(1.00) 

-2.20 

(0.87) 

-2.02 

(0.82) 

-0.94 

(0.96) 

-0.58 

(1.12) 

2017 𝒙  

 (SD) 

-1.63 

(0.95) 

-1.61 

(0.97) 

-1.13 

(1.02) 

-0.81 

(1.02) 

-2.17 

(0.79) 

-1.97 

(0.79) 

-0.90 

(0.93) 

-0.69 

(0.71) 

Mean 

change (SD) 

-0.03 

(0.51) 

-0.07 

(0.35) 

-0.03 

(0.42) 

-0.29 

(0.96) 

0.02 

(0.41) 

0.03 

(0.42) 

0.03 

(0.28) 

-0.11 

(0.97) 

t -0.860 -2.094 -1.195 -2.298 1.256 1.148 1.137 -0.750 

p 0.391 0.039 0.234 0.025 0.210 0.253 0.257 0.457 

 

Given that z-MUAC is only available for children up to age 5 years, these results 

might suggest that children in early childhood are more sensitive and results 

from now consider only under-5-year-old children in Natarbora (n = 59). Z-

weight for children under 5 shows a trend for declining over the rainy season 

(Table 40) and z-BMI shows a trend for increasing slightly over the rainy 

season. 
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Table 40. Mean WHO z-score for children’s growth measures for under 5-year-old children in 
Natarbora in the post-harvest (2016) and post-rainy (2017) season with associated paired t-test. 

Growth 

measure (N) 

2016  

𝒙  (SD) 

2017  

𝒙  (SD) 

t p 

z-height (54) -1.73 (1.14) -1.89 (1.04) -1.252 0.216 

z-weight (45) -1.48 (0.96) -1.61 (0.99) -1.817 0.076* 

z-BMI (36) -0.64 (0.82) -0.49 (0.82) 1.935 0.061* 

z-MUAC (59) -0.52 (1.00) -0.81 (1.02) -2.298 0.025 

 

To investigate potential social network influences on buffering children from 

losing weight over the rainy season, I model change in z-weight and z-BMI 

against social network variables for Natarbora children under 5 years old. Age 

and household characteristics are excluded to accommodate the small sample 

size.  

 

In the network model (Table 41) of z-BMI (AIC = 39.845, n = 36) for under-5 

Natarbora children, children in households with a childcare network had 

greater loss in z-BMI compared to children in households without a childcare 

network (p = 0.009) indicating that allocare by non-immediate family members 

may be detrimental to very young children. Children in households with a 

healthcare network (p = 0.015) and those in households with an “other” help 

network (p = 0.007) gained z-BMI compared to children in households without 

and “other” help network. 
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Table 41. Linear mixed models for network predictor variables on change in child z-BMI over the 
rainy season for children under 5 years in Natarbora (n = 36). Numbers in bold are significant at p 
< 0.05. Initial model AIC = 51.852, final model AIC = 39.845.  

Variable categories  

(reference category) 

Estimate (t) EMM (SE)a p 

Childcare network    

Yes -0.451 (-2.771) -0.093 (0.163) 0.009 

No  0.359 (0.083)  

Healthcare network    

Yes 0.352 (2.579) 0.309 (0.109) 0.015 

No  -0.043 (0.132)  

“Other” help network    

Yes 0.476 (2.857) 0.371 (0.164) 0.007 

No  -0.105 (0.084)  

Initial model included sex, mother’s height, the kin orientation of the long-term (fostering) network 

and the presence/absence of a; food network, labour network, livestock network, seed network, 

money network, childcare network, healthcare network and “other help” network.  

Results are presented as estimated marginal means (EMM) for categorical variables and parameter 

estimates Reference categories for categorical variables are in parentheses. Significant associations 

(p < 0.05) are shown in bold.  

a EMM is mean change in z-BMI; therefore, positive values indicate gains in z-BMI while negative 

values indicate loss in z-BMI. 

 

In the network model (Table 42) of z-weight (AIC = 61.134, n = 45) for under-5 

Natarbora children, children in households with a livestock network had 

greater loss in z-weight than children in households without (p = 0.046). 

Children in households with a money network show a trend for losing less in z-

weight than children in households without a money network (p = 0.076) 

indicating that households who can access cash through their social networks 

are able to buffer their children from poor resources during the rainy season. 

Children in households who have long-term (fostering) networks with maternal 

and paternal kin lose significantly less in z-weight than children in households 

with no or any other type of long-term (fostering) networks (p = 0.016). It may 

be that children in households with both maternal and paternal long-term 

(fostering) networks have more kin to call on when resources are scarce than 
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those who have exclusively maternal or paternal or no long-term (fostering) 

networks.  

 

Table 42. Linear mixed models for network predictor variables on change in child z-weight over 
the rainy season for children under 5 years in Natarbora (n = 45). Numbers in bold are significant 
at p < 0.05. Initial model AIC = 71.630, final model AIC = 61.134.  

Variable categories  

(reference category) 

Estimate (t) EMM (SE)a p 

Livestock network    

Yes -0.436 (-2.056) -0.317 (0.156) 0.046 

No  0.119 (0.113)  

Money network    

Yes 0.323 (1.821) 0.063 (0.141) 0.076 

No  -0.260 (0.104)  

Long-term (fostering) network    

Maternal and paternal 0.548 (2.523) 0.366 (0.172) 0.016 

Paternal -0.088 (-0.445) -0.270 (0.160) 0.659 

Maternal -0.126 (-0.761) -0.309 (0.148) 0.451 

(None)  -0.182 (0.136)  

Initial model included sex, mother’s height, the kin orientation of the long-term (fostering) network 

and the presence/absence of a; food network, labour network, livestock network, seed network, 

money network, childcare network, healthcare network and “other help” network.  

Results are presented as estimated marginal means (EMM) for categorical variables and parameter 

estimates Reference categories for categorical variables are in parentheses. Significant associations 

(p < 0.05) are shown in bold. 

a EMM is mean change in z-weight; therefore, positive values indicate gains in z-BMI while negative 

values indicate loss in z-weight. 
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Discussion  

The aims of this section were threefold: 1) to determine the extent to which 

social networks explain variation in child growth in rural Timor-Leste above 

and beyond models based on individual and household characteristics, 2) to 

determine if these influences vary across two seasons, and 3) to compare 

influences across two socio-ecologically differing communities in rural Timor-

Leste. I demonstrate that social networks explain additional variation in some 

anthropometric indications of child growth and that the contribution of social 

networks to child growth differ by season and by community.  

 

 Summary of section 2 main results 

Consistent with previous study of children in Natarbora and Ossu, children’s 

individual characteristics are the strongest predictors of child growth. In both 

Natarbora and Ossu, girls are taller- and heavier-for-age than boys. Children 

show poorer growth in mountainous Ossu than in the southern coastal plain 

community of Natarbora. 

 

The influence of household ecology within and between communities is 

consistent with previous study of these two populations. Having a salary (alone 

or with another source of cash income) is associated with better child growth. 

In contrast, purely agricultural economic strategies such as making a rice paddy 

and keeping large herds of cows are associated with poorer child growth. While 

we might expect that large herds of cows would be associated with better child 

growth due to increasing dietary diversity, livestock are rarely eaten except on 

special occasions such as funerals and weddings.  

 

Social networks appear to have more effect on children’s growth measures in 

the post-harvest season. In Ossu, more network types in network only analyses 

contribute to child growth than in Natarbora; however, social networks have no 

effect on children’s growth after household characteristics are added to the 

model.  



Section Two: Social networks and child growth 

164 
 

 

In the post-harvest season in Natarbora, social networks explain variation in 

child growth in addition to household characteristics (Table 43). Long-term 

(fostering) networks organised through maternal and paternal kin are 

protective of children’s z-weight and z-BMI while long-term (fostering) 

networks organised through paternal kin are detrimental for children’s z-

height. Additionally, Natarbora children in households with an “other help” 

network have higher z-BMI and z-weight. 

 

There is more resource sharing in the post-rainy season than in the post-

harvest season in both communities; however, social networks appear to 

contribute more to children’s growth in the post-harvest season than in the 

post-rainy season. In Natarbora, children slow their growth over the resource 

scarce season while Ossu children do not. 

 

 



Section Two: Social networks and child growth 

165 
 

Table 43. Summary of network predictors of z-height, z-BMI, and z-weight from linear mixed models by season and community. 

 Natarbora Ossu 

 Long-term (fostering) 

organisation 

“Other help” Long-term (fostering) 

organisation 

Seeds Childcare Healthcare “Other help” 

Post-harvest Paternal kin – z-height 

 

Both maternal & paternal kin + 

z-BMI 

 

* Both maternal & paternal kin + 

z-weight 

Maternal kin + z-weight 

 

 

+ z-BMI 

 

 

* + z-weight 

* Maternal kin – z-height 

 

 

 

 

* Both maternal & paternal kin + 

z-weight 

 

 

 

 

 

* - z-weight 

 

 

 

 

 

* + z-weight 

  

Post-rainy   * Paternal kin – z-height    

* - z-BMI 

 

* - z-BMI 

* - z-weight 

* Results are significant in the network model but are not significant in the household and network model. 
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 Social networks extend the explanatory power of household characteristics 

on child growth in Natarbora but not Ossu. 

In Ossu, more network types have a significant effect on child growth than 

Natarbora; however, they lose their significance after household characteristics 

are added to the model (Table 43). These results are consistent with my 

prediction that social networks will have a greater effect on children’s growth 

in matrilineal Natarbora than in patrilineal Ossu (Hypothesis 3.1, p 85). There is 

less widespread sharing in Ossu than Natarbora (p. 58), which may explain the 

more limited influence of social networks. Across both seasons, Ossu has 20% 

fewer sharing events than Natarbora even though the two communities have a 

comparable proportion of “no network” (Natarbora = 15, Ossu = 12). If sharing 

in Ossu is more limited, household variation in sharing is likely to be more 

limited.  

 

Social networks may have no effect on Ossu children’s growth because social 

networks may be associated with household characteristics such that 

household characteristics and social networks are not independent variables. In 

this study, mother’s height is one of the strongest predictors of Ossu children’s 

post-harvest z-height and post-harvest z-weight but was not included in the 

network models; therefore, it was not incorporated when modelling network 

characteristics until the combined household and network model, where long-

term (fostering) networks became no longer significant. Likewise, having a 

salary has previously predicted better children’s growth in these populations 

(Spencer, 2018; Spencer et al., 2018b). In Ossu, having glass windows predicts 

higher children’s post-harvest z-height in the household model and the 

household and network model, where long-term (fostering) networks became 

no longer significant. Glass windows are expensive (Judge, pers. comms.) and 

indicate that households who have them likely to have more disposable income. 

Households with disposable income may be more or less likely to cooperate 

with other households; for example, wealthier Pimbwe households focus on the 

costs of cooperation while poorer households focus on the benefits of 

cooperation (Hadley, 2004) and wealthier households cooperate less than 
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poorer households do (Kasper & Borgerhoff Mulder, 2015). If households with 

more disposable income less likely to cooperate with other households and 

household characteristics more strongly predict children’s growth, then the 

influence of social networks will be masked by their association with other 

household characteristics.   

 

In matrilineal Natarbora, contributions of maternal kin are consistent with the 

socio-ecological literature on kin effects on children’s fitness (Hawkes et al., 

1997; Sear & Mace, 2008) and contribute additional information to household 

characteristics in explaining variation in child growth. Long-term (fostering) 

networks organised through maternal kin are associated with higher z-weight 

whereas long-term (fostering) networks organised through paternal kin are 

associated with lower z-height; these results confirm my predictions in 

hypothesis 1.2 (p. 85). Few Natarbora households have exclusively paternal 

fostering networks (n = 8); thus, households relying on long-term networks 

organised through paternal kin may be relying on less invested kin and have 

poorer long-term child growth than households with maternal kin with whom 

they can interact. Cross-culturally, kin selection is the most common 

evolutionary explanation for patterns of child care assistance (Hawkes et al., 

1997; Ivey, 2000; Meehan et al., 2013) and fostering (Hedges et al., 2019). 

Matrilocally residing children have better infant survival (age 0-5 years) among 

the Pimbwe (Hadley, 2004) and the Ethiopian Omoro (Gibson and Mace 2005) 

and growth in Bangladesh (Perry, 2017) than patrilocally residing children. In 

particular, maternal grandmothers are most consistently beneficial to 

grandchildren’s fitness (Sear & Mace, 2008). For paternal kin, inclusive fitness 

benefits are less certain and allocare through male descendants are 

undermined (Voland & Beise, 2002; Kemkes-Grottenthaler, 2005).  

 

In contrast, both maternal and paternal kin are predictors of Ossu children’s 

higher z-weight. In Ossu, distinctions between maternal and paternal kin may 

be blurred due to the occurrence of cross-cousin marriages (Bovensiepen, 

2014) which is common among the Makassae people of Ossu (Judge, pers. 
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comma); therefore, paternal kin may invest more than is expected because 

mothers-in-law are also biological aunts to their own daughters-in-law [nieces] 

(Willführ et al., 2018). This was not the focus of this study and would require 

further investigation.  

 

In post-harvest season Natarbora, more than half (55%) of “other help” 

network events involved governmental and NGO programs and children in 

households with an “other help” network have higher z-BMI and z-weight; thus, 

being a part of an “other help” network might improve short-term (z-BMI and z-

weight) child growth through contact with local NGOs and nutrition-sensitive 

programs. NGO-coordinated nutrition-sensitive interventions (such as Water 

Sanitation and Hygiene (WASH) programs, cash transfers or agricultural 

programs) target underlying conditions of poor household or community 

environments and thus can indirectly improve child growth by targeting 

complementary sectors (Ruel & Alderman, 2013). A review of conditional cash 

transfer programmes in Latin America indicates that the program can improve 

child anthropometry (Leroy et al., 2009). Participation in agricultural 

interventions programs improve children’s height-for-age in Tanzania (Larsen 

& Lilleør, 2016) and children’s height-for-age and weight-for-age in Ethiopia 

(Zeng et al., 2017). In Timor-Leste, aldeias (hamlets) with more than 50% 

household involvement in the Open Defecation Free program have the lowest 

prevalence of child anaemia and the presence of the Mother Support Groups 

program is associated with a lower prevalence of child diarrhoea and mother’s 

thinness (Ministry of Health [Timor-Leste], 2015). While I did not specifically 

ask about involvement with NGO’s, contact with local NGO’s, even in the form of 

information exchange, might indirectly improve child growth through 

nutrition-sensitive programmes. Natarbora, unlike Ossu, has a long history of 

locally implemented NGO programs (Judge, pers. comms.), which might explain 

the lack of influence of an “other help” network on Ossu children’s growth.  
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 Social networks and seasonality 

Social networks may not appear to buffer children from seasonal food deficits 

because equal giving and receiving in the post-rainy season reduces community 

wide variance in social networks among households. We might expect that 

children with networks that cover more resource types will lose less weight 

over the rainy season because cooperation such as food (Jaeggi & Gurven, 

2013a) and labour (Hames, 1987) sharing is aimed at reducing variation in food 

acquisition and food production failure, respectively; however, networks do not 

predict children’s growth after controlling for household characteristics in 

post-rainy Natarbora (Table 32, Table 34 & Table 36) or Ossu (Table 33, Table 

35 & Table 37). Households are not withdrawing from cooperation because 

resource scarcity is extreme in the rainy season (Turnbull, 1978) because 

households share more resources in the post-rainy (Natarbora n events = 437, 

Ossu n events = 330) than in the post-harvest season (Natarbora n events = 

305, Ossu n events = 257). For both post-rainy Natarbora and Ossu, the spread 

of giving vs. receiving across households within the community is more equal in 

the post-rainy (Figure 12) than in the post-harvest season (Figure 6). If 

households with more are giving and households with less are receiving, then 

the number of sharing events in social networks and their effect on children’s 

growth may be equilibrated across households in the post-rainy season and 

thus, masks their potential role in buffering children’s growth when resources 

are scarce. Alternatively, poorer households may be receiving more from 

groups and institutions while wealthier households are unlikely to need 

additional help. These additional assistance events from groups and institutions 

may equalise the number of sharing events between poorer and wealthier 

households in the post-rainy season when the difference in resource 

availability is likely to be greater, and thus mask the potential variation in 

household social networks and their potential role in buffering children’s 

growth. Future studies might consider only counting received resource 

transfers to tease apart the effects of sharing on children’s growth. Increased 

sharing during the post-rainy season strongly suggests that rural Timorese 

households use social networks to cope with resource shortages. 
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Longer term analyses of growth in these two communities indicate that Ossu 

children growth more poorly than do Natarbora children (Spencer, 2018) and 

that children’s growth declines in the rainy season (Spencer et al., 2017). In this 

study, Ossu children have poorer growth than Natarbora children; however, 

Ossu children’s growth did not decline over the 2016-2017 rainy season (p. 

159) indicating that Ossu children grow equally poorly during the harvest and 

rainy seasons. In Natarbora, only children’s z-weight and z-MUAC, but not z-

BMI, declined indicating that Natarbora children may catch-up in some growth 

over the harvest season. The 2016 El Niño earlier in the year may have cause 

this lack of decline in children’s growth following the rainy season due to 

children starting from poorer post-harvest conditions in 2016. According to 

Seeds of Life, the 2016 El Niño resulted in 50% less rainfall across Timor-Leste 

(Timor-Leste Ministry of Agriculture and Fisheries, 2016). The Food and 

Agricultural Organisation of the UN estimated that the 2016 El Niño affected 

40% of the Timorese maize production, 57% of the Timorese rice production 

and 220 000 rural Timorese residents (Burgeon, 2016). Timorese children are 

already well below international standards (Spencer et al., 2018a); if children 

do not have a chance to regain weight over the relatively resource plentiful 

season due to a poor harvest, they may have very little weight remaining when 

the following resource scarce season comes around. In this study, Timorese 

children may not have regained growth in the 2016 harvest season due to the 

harsh 2016 El Niño resulting in little difference between children’s growth from 

post-harvest in 2016 and post-rainy season in 2017. I predicted that a greater 

breadth of social networks would buffer children from greater weight loss over 

the rainy season (Hypothesis 2, p. 85). In Natarbora, a few social networks 

predicted children’s loss in z-weight and z-BMI over the rainy season. However, 

I was unable to control for household characteristics due to a reduced sample 

size of under-5-year-old children measured in both seasons and limited decline 

in children’s growth over the rainy season. Given the widespread effect of the 

2016 El Niño, it seems likely that it contributed to children beginning the rainy 

season with lower z-weight than expected resulting in no seasonal change in 

children’s growth following the rainy season.  
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 Conclusions 

This study aimed to assess whether the social networks of households broaden 

the resources available to children and explains additional variation in child 

growth beyond that explained by household characteristics. Communities differ 

in the importance of social networks in explaining variation in children’s 

growth. In Natarbora, long-term (fostering) networks and ‘other help’ networks 

contribute additional information to household characteristics in explaining 

variation in children’s growth. In Ossu, social networks do not appear to explain 

any more variation in children’s growth than child and household 

characteristics alone. Fewer sharing events and less cultural importance of 

sharing in Ossu may explain why social networks do not further explain 

variation in child growth.  

 

Patterns of long-term (fostering) networks with maternal kin in matrilineal 

Natarbora are consistent with the socio-ecological literature on allocare. Long-

term (fostering) networks with matrilineal kin are protective of children’s z-

weight. Few households rely solely on patrilineal kin in long-term (fostering) 

networks and those who do have poorer child z-height; long-term (fostering) 

networks with paternal kin may be detrimental to child growth because 

paternal kin are less certain of their kin relationship. In Natarbora, 55% of 

“other help” network events in the post-harvest season involved governmental 

and NGO programs and children in households with an “other help” network 

have higher z-BMI and z-weight than those without. Social networks may be 

capturing involvement with local NGOs and their nutrition-sensitive programs, 

but this result requires further investigation.  

 

Child growth in rural Timor-Leste is well below international standards. Social 

relationships have been suggested as a coping strategy for seasonal food 

deficits in rural Timor-Leste and I find preliminary evidence that this is the case 

in Natarbora and Ossu. More sharing occurs in the post-rainy season than the 
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post-harvest suggesting that households may be trying to buffer their resource 

scarcity in the post-rainy season. Natarbora households share substantially 

more than Ossu households and include more social network predictors on 

children’s growth. Additionally, Natarbora children have better growth than 

Ossu children. These results strongly suggest that household’s social networks 

are contributing to children’s growth in rural Timor-Leste.  
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General discussion 

 Summary of thesis aims and findings for each section. 

In this thesis, I characterise the social networks of rural Timorese households 

and determine network influences on rural Timorese children’s growth. I 

predicted that characterisations of social networks would reflect evolutionary 

theories of resource sharing, such as kinship and reciprocity, and proximate 

theories of resource sharing such as propinquity. I predicted that social 

networks, particularly social networks with maternal kin, would be associated 

with improved children’s growth and that these patterns of social networks and 

their association with children’s growth would vary between matrilineal 

Natarbora and patrilineal Ossu. Overall, this thesis demonstrates that rural East 

Timorese participate in cooperative networks that vary across seasons and 

socio-ecological differing communities and that network participation may 

have implications for children’s growth. 

 

In Section 1, I trialled a personal network analysis methodology to characterise 

sharing strategies and a linear mixed model approach to link sharing strategies 

to 7 different resource types in rural Timor-Leste. The personal network 

research design addresses the violations of the statistical assumption of 

independence of cases in multivariate models of social network data without 

using traditional social network analyses that require a complete network. I 

expand resource sharing research in general beyond the focus on one resource 

type and expand personal network research past the predominantly descriptive 

by linking variation in sharing strategies to the types of resources being shared.  

 

I characterised sharing strategies (networks) in Timor-Leste across two socio-

ecologically diverse communities. Three major sharing strategies emerged via 

CATPCA analysis in both Natarbora and Ossu (Table 44). The communities have 

two sharing strategies in common and, despite following the same procedure of 

network analysis, one which is unique and not present in the other community. 
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Kin relationships explains the most sharing in both Natarbora and Ossu. 

Kinship is associated with sharing valuable resources such as money 

(Natarbora and Ossu) or child care (Ossu); however, land and land access are 

not organised around kin in either community. Natarbora households share 

more than do Ossu households, and ethnographic interviews indicate that 

Natarbora households have a broader definition of kin and to whom one should 

provide help. Both Natarbora and Ossu have sharing strategies that are 

exclusive to specific sub-communities. MDG residents (Natarbora) and Kai uai 

hoo households (Ossu) exhibited sharing land/land access but not with money. 

MDG households lack land access and receive land access in return for labour 

contributions whereas Kai uai hoo households lack access to the cash market 

due to their physical isolation but have an abundance of land for which they 

seem to trade access in return for labour. Natarbora and Ossu each have an 

additional and unique sharing strategy that did not emerge in the other 

community: reciprocity (Natarbora) and male-male sharing (Ossu). Natarbora 

households share food and labour reciprocally with their neighbours. Ossu men 

share land/land access and labour amongst themselves.  
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Table 44. Summary of major findings for characterising social networks in rural Timor-Leste.  

 Natarbora Ossu 

Social organisation Matrilineal Patrilineal 

Relative # of sharing events More Fewer 

Seasonal predominance of 

sharing 

More post-rainy More post-rainy 

Sharing strategy 1  

(% sharing variation explained) 

Associated resources 

Unassociated resources 

Kinship a  

(26.6%) 

Money 

Land/land access 

Kinship a  

(27.0%) 

Livestock, childcare 

Land/land access 

Sharing strategy 2 

(% sharing variation explained) 

Associated resources 

Unassociated resources 

Neighbours & reciprocity 

(20.3%) 

Food and labour 

 

Close-knit Isolated Communities b 

(22.0%) 

Land/land access 

Money, livestock 

Sharing strategy 3 

(% sharing variation explained) 

Associated resources 

Unassociated resources 

Young, MDG Receivers b 

(18.6%) 

Land/land access 

Money 

Male Networks 

(19.3%) 

Land/land access 

Childcare 

Total variation in sharing 

explained 

65.5% 68.3% 

a, b Sharing strategies “Kinship” (italics) and organized around sub-communities (underlined)are 

common in both communities. 

 

In Section 2, I examined how participation in household social networks 

contribute to child growth in Natarbora and Ossu in the post-harvest and the 

post-rainy seasons. More resource types have a significant effect on child 

growth in Ossu than Natarbora but only before controlling for household 

characteristics (Table 45) suggesting that household characteristics may be 

related to specific forms of social networks. Ossu has less of a culture of sharing 

beyond immediate family members compared to Natarbora. This may explain 

why Ossu households share less than do Natarbora households (Table 44) and 

why Ossu social networks (unlike those in Natarbora) do not explain variation 

in child growth variations beyond that explained by individual and household 

characteristics.  
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Table 45. Summary of major findings for social networks and children’s growth in Natarbora 
and Ossu.  

  Natarbora Ossu 

Post-harvest # of giving events relative to receiving Lower Lower 

 Social networks explain additional variation 

in children’s growth* 

Yes No 

Post-rainy # of giving events relative to receiving Equal Equal 

 Social networks explain additional variation 

in children’s growth* 

No 

 

No 

* After controlling for household characteristics. 

 

In Natarbora, long-term (fostering) networks organised through maternal kin 

are beneficial to short-term child growth (z-weight and z-BMI). Long-term 

(fostering) networks organised through paternal kin are detrimental to long-

term child growth (z-height).  

 

Few network resources predicted children decline in relative z-weight or z-BMI 

over the rainy season in either community. Networks may not appear to buffer 

children from seasonal food deficits because equal giving and receiving in the 

post-rainy season reduces community wide variance in social networks among 

households (Table 45). More sharing events occur in the rainy season than in 

the harvest season (Table 44) indicating that households do not withdraw from 

cooperation and suggesting that households use social networks to buffer 

themselves from seasonal food deficits. 

 

In the following section, I discuss the similarities and differences in sharing 

strategies between Ossu and Natarbora and their consequent influences on 

child growth in the context of cooperation in human evolution, differences in 

the investment from maternal kin social networks compared to paternal kin 

social networks, and community resilience.  
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 Discussion 

 Cooperation and flexibility in energy allocation 

Social relationships facilitate cooperation in the form of resource transfers, 

such as food or allocare, and allow humans additional flexibility in their energy 

budgets that personal energy budgets do not (Gurven et al., 2012). Among 

foragers, the diversity of food types, the skills required for food extraction, and 

the spread of these food resources across space make single-handed foraging a 

near-impossible task (Kramer, 2018). In response, human life history traits, 

including a large brain for body size, a long period of juvenile dependence, long-

term pair bonds between men and women and a long adult lifespan resulting in 

intergenerational resource transfers co-evolved (Kaplan et al., 2000; Kaplan et 

al., 2009). Food sharing between foraging families offsets shortfalls in food 

acquisition (Kaplan et al., 2009; Jaeggi & Gurven, 2013a) and reduces day-to-

day variation in individual consumption (Kaplan et al., 1985), particularly 

consumption of meat and animal products (Kaplan et al., 1985; Patton, 2005; 

Koster & Leckie, 2014). As humans invested more into food production [i.e., 

horticulture and agriculture] and settled, food production resources or 

processes could also be cooperatively shared. Within horticultural (Ban & 

Coomes, 2004) and agricultural societies (Wencélius et al., 2016; Tadesse et al., 

2017), seeds and garden cuttings are often shared from high diversity or 

wealthier households to low diversity or poorer households (Ban & Coomes, 

2004; Tadesse et al., 2017). Households in horticultural societies also 

contribute substantial labour to other households’ gardens (Hames, 1987; 

Abizaid et al., 2015). Hames (1987) suggests that, like food sharing, 

contributing labour to other households’ gardens is insurance against the 

labourer’s own crop failures and evens out variation in food availability over 

time. 

 

Better child growth is associated with larger social networks (Hadley, 2004; 

Moestue et al., 2007; Meehan et al., 2014) and impoverished households benefit 

from social networks more than do wealthier household (Adams et al., 2002; 

Hadley, 2004; Moestue et al., 2007). Children may benefit from larger social 
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networks by increasing their dietary diversity (Arimond & Ruel, 2004) or by 

protecting the poorest families and children from losing too many calories 

when food resources are scarce (Kaplan et al., 1985). Spencer (2018) argues 

that agricultural East Timorese are limited in their behavioural responses to 

seasonal food deficits by their time and energy investment into food production 

(i.e. that they are less able to move to better food patches)(Spencer, 2018). 

Cross-culturally, agriculturalists do indeed experience more famine than 

hunter-gatherers (Berbesque et al., 2014). Spencer (2018) argues that 

agricultural Timorese use flexible household structures that foster children in 

and out as a behavioural strategy to buffer children’s growth because other 

factors such as household income or crops productivity are more difficult to 

alter (Spencer, 2018). In this thesis, I present evidence that, as well as fostering 

children in and out, agricultural Timorese households use their social networks 

to facilitate the movement of other resources such as food, labour 

contributions, cash, and access to land into their households. These social 

networks fluctuate seasonal suggesting that Timorese households use their 

social networks as a behavioural strategy to buffer from seasonal food deficits 

resulting in better child growth. I also demonstrate that variation in social 

networks as a strategy of addressing resource scarcity varies by matrilineal and 

patrilineal social organisation.  

 

 Generalised reciprocity may explain greater sharing in Natarbora 

compared to Ossu. 

The emergence of reciprocity as an important sharing strategy in Natarbora but 

not Ossu may result from more widespread resource exchanges i.e., generalised 

reciprocity. Natarbora households were involved in 742 transfer events across 

both seasons compared to 587 in Ossu. Simulations of the evolution of 

cooperation suggest that simply expecting reciprocity due to the outcome of 

one’s most recent cooperative experience (termed generalized reciprocity) can 

result in the evolution and maintenance of population-level cooperation 

(Pfeiffer et al., 2005). Unlike direct reciprocity where a single mistake can 

dissolve a cooperative relationship, generalised reciprocity is resilient to 



General discussion 

179 
 

occasional mistakes and encourages generosity (Pfeiffer et al., 2005), 

particularly in small populations where interactions are frequent and 

cooperative members are more protected from cheaters (Pfeiffer et al., 2005; 

van Doorn & Taborsky, 2012). Kinship preference (Hamilton, 1964; Hawkes et 

al., 1997; Jaeggi & Gurven, 2013a) and reciprocity (Trivers, 1971; Jaeggi & 

Gurven, 2013b) are two of the major evolutionary explanations for 

cooperation; however, kinship preference is common in both study 

communities but only Natarbora households share based on reciprocity. 

Natarbora is smaller than Ossu; our sample of ~100 households represented 

22% of the Natarbora community but only 8.5% of the Ossu community 

(Ministry of Finance [Timor-Leste], 2010) and personal observations indicate 

that most people in Natarbora recognise others in their own and surrounding 

communities (pers. obs.). Emic explanations of sharing in Natarbora rely on a 

Natarboran conceptualisation of other Natarbora residents where Natarbora 

residents regard other Natarbora residents as their own extended kin to which 

they have an obligation to help (p. 60). Sharing is often viewed by Natarbora 

residents as give and take relationships described as “ajuda malu” (help each 

other).  

 

“When I give food, then next time they give in return. He 

gives me help in the to’os and if he needs help in return then 

I give help back.” (local famer and his wife Abatoan, 2016) 

 

“They gave us seeds and if they need seeds, they can ask, and 

we will give some in return.” (local farmer Umaboku, 2016) 

 

“I gave her food; she will return the help when I ask.” (local 

farmer Umaboku, 2017) 

 

Believing that someone is likely to reciprocate (from previous experience with 

them) negates some of the potential risk of cooperating with them in the future; 



General discussion 

180 
 

thus, where food and labour are unpredictable and illness is common, 

reciprocal altruism is a more reliable form of cooperation than kinship (Kasper 

& Borgerhoff Mulder, 2015). In contrast, people in Ossu do not describe an 

obligation to widespread kin (p. 58). In Ossu, only immediate kin are described 

as being close and obligated to be cooperated with while other members of the 

community must be paid for help.  Natarbora households may give more 

knowing they will receive help in return from someone in the community when 

required without being expected to pay for it (i.e., cooperate tit for tat), 

resulting in higher community levels of sharing i.e., generalised reciprocity.  

 

The spread of giving vs. receiving across households indicates that both 

Natarbora and Ossu households receive more in the post-harvest season 

(Figure 6) while giving and receiving is more or less equal in the post-rainy 

season (Figure 12). These results might suggest that households invest in 

helpers when they are able to so that they can call in debts later when they 

need help. For example, high-producing Ache individuals benefit from sharing 

when they are sick or injured by receiving more food from more people even 

though these same high-producing individuals benefit least from daily food 

pooling (Gurven et al., 2000a); thus, sharing with others when times are good 

buffers these individuals when their individual productivity declines. Among 

the Ache, food is shared with households having more dependents and all 

members of the community enjoy an increase in the percentage of food in 

excess of nutritional requirements, but this increase is greatest for young, 

single mothers (Kaplan et al., 1985). If households with children receive more 

food, then children may still benefit from sharing in the post-rainy season by 

increasing their dietary diversity (Arimond & Ruel, 2004). Sharing of seeds and 

garden cuttings from high diversity or wealthier households to low diversity or 

poorer households (Ban & Coomes, 2004; Tadesse et al., 2017) could also 

increase future food diversity for children in poorer households. The seasonal 

variation of cooperative strategies in Timor-Leste might indicate that 

households optimise their networks to be more stable when resources are 

scarce by investing in them when resources are more plentiful. More sharing 



General discussion 

181 
 

events in the post-rainy season compared to the post-harvest season do 

strongly suggest that households are using social networks to cope with 

resource shortage but whether these social networks are established in the 

post-harvest season with the goal of calling in debts later in a form of delayed 

reciprocity will require further research.  

 

 Maternal kin and the cooperative breeding hypothesis in Natarbora 

In post-harvest Natarbora, long-term (fostering) networks organised through 

maternal kin are associated with better child growth (higher z-weight) and 

those organised through paternal kin are associated with lower z-height. Cross-

culturally, maternal grandmothers are most consistently beneficial allocarers to 

their grandchildren’s fitness (Sear & Mace, 2008). Matrilateral kin invest more 

in allocare among the Aka (Meehan, 2005), invest more in their nieces and 

nephews among the Shogador of Bangladesh (Starkweather & Keith, 2019) and 

in the United States (Gaulin et al., 1997), and are more stable foster care 

placements in Canada (Perry et al., 2014). Fostering occurs over a longer period 

than simple child care, so household fostering networks might overlap with 

networks for other resource types – that is, households with maternal kin-

fostering networks may also call on maternal kin for other resources. Future 

investigation could characterise each network resource by whether the 

relationships are with the biological children’s maternal or paternal relatives to 

determine other ways maternal kin may invest in children.  

 

In contrast, both maternal and paternal long-term (fostering) networks are 

predictors of Ossu children’s higher z-weight. For some Ossu families, 

distinctions between maternal and paternal kin may be blurred due to the 

occurrence of cross-cousin marriages (Bovensiepen, 2014) among the Ossu 

Makassae people; therefore, paternal kin may invest more than is expected by 

theory because mothers-in-law also may be biological aunts to their own 

daughters-in-law [nieces] (Willführ et al., 2018). However, organisation of long-

term (fostering) networks are not predictors of child growth after controlling 



General discussion 

182 
 

for household characteristics. Individual characteristics of the child and 

household characteristics are the strongest predictors of children’s growth. 

Alternatively, social networks of patrilineal Ossu households may be associated 

with other household characteristics which masks the effects of social networks 

on children’s growth.  

 

In matrilineal Natarbora, networks are positively association with children’s 

growth after controlling for individual and household characteristics (Table 44) 

– not in Ossu – indicating that geographically close, matrilineal social networks 

in Natarbora contribute to children’s growth in a form of cooperative breeding. 

Cooperative breeding is matrilaterally biased (Perry & Daly, 2017); for 

example, matrilocally residing Aka children receive more allocare than those 

who are patrilocally residing (Meehan, 2005). For those women who are 

patrilocally residing, such as those in Ossu, maternal grandmothers are most 

likely to visit their patrilocally residing daughters (Gibson & Mace, 2005; Pollet 

et al., 2013); however, geographical distance increases the costs of helping 

(Nolin, 2010) and grandmothers are more likely to have finished their 

reproduction than other matrilateral collateral kin and thus derive greater 

increments to inclusive fitness (Hawkes et al., 1998). For other matrilateral kin 

who may already have children of their own, such as a woman’s siblings, 

travelling a large distance to help raise a sister’s children would increase the 

costs of helping and discount the inclusive fitness benefits, particularly if the 

assistance required is small. For children, residing patrilocally is associated 

with lower infant survival (Perry, 2017) and being shorter and lighter for their 

age (Gibson and Mace 2005) than matrilocally residing children indicating that 

having maternal kin come visit more often is not equivalent to residing among 

maternal kin. Living amongst maternal kin, as Natarbora women are more 

likely to do, may lower the costs of helping for more types of matrilateral kin 

and allow for more frequent, small - but more widely available - help. Children 

are expected to benefit from parental cooperation with others in Natarbora but 

children in Ossu less so – perhaps because women in Ossu leave their natal 

home upon marriage more often than do Natarbora women.  
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 Social networks and community resilience 

More widespread sharing in Natarbora than Ossu may be a form of community-

level risk pooling. In many traditional communities where market insurance is 

absent, social networks provide a household security strategy (Cronk et al., 

2019). For example, among the agro-pastoral Masai, larger community 

livestock networks increase individual farmers’ herd survival (Hao et al., 2015). 

Among Siberian Kamchatka peoples, individuals are more likely to share with 

those who had experienced environmental shocks but only if they had also 

previously cooperated with them (Howe et al., 2016) indicating that 

maintaining cooperative relationships is important in future risk pooling and 

therefore risk reduction.  In the Peruvian Amazon, households in larger, more 

established and better connected communities [i.e. households are more 

connected to one another within their community] have greater food security 

compared to newly formed communities - even though they have smaller 

households, are better educated and have similar per-capita incomes (Lee et al., 

2018). Matrilateral kin are more likely to provide allocare (Perry & Daly, 2017) 

and in matrilineal communities like Natarbora, the costs of geographical 

barriers to cooperation are reduced (Nolin, 2010). Together these two 

conditions create an environment where we would expect more cooperative 

events to occur and believed repayment to be likely. Where repayment of help 

is believed to occur more often, the conditions for generalised reciprocity (i.e. 

that the likelihood of being repaid in the most recent interaction is greater than 

the likelihood of not) are met and encourages further cooperation (Pfeiffer et 

al., 2005); thus, cooperation in matrilineal communities positively feeds back 

and encourages continued cooperation – even if it is not cooperation with the 

same person again (i.e. tit for tat). In environments of scarce livelihood 

resources or reduced labour capacity due to illness, communities with 

cooperative social networks are more likely to be resilient to environmental 

and economic shocks which could reflect in children’s growth and overall 

fitness.  
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Consistent with the hypothesis that matrilineal communities with cooperative 

social networks are more resilient to economic and environmental shocks, 

Natarbora children grow better than Ossu children (Table 16; Spencer et al. 

2018b). Additionally, previous study indicates that current and historical child 

mortality is lower in Natarbora than Ossu (Sumich, 2015). Alongside the 

observation of more sharing events in Natarbora compared to Ossu, these 

results suggest that Natarbora children are taller and heavier for their age 

because generalised cooperation builds a community level network of potential 

helpers to buffer households from the worst of seasonal food scarcity – that is, 

cooperation in Natarbora creates community resilience. This generalised 

cooperation may be a result of matriliny increasing the average of relatedness 

among community members and therefore the kin selection pay-off. Children in 

matrilineal communities benefit from this cooperation by being better buffered 

nutritionally, resulting in better overall growth. 

 

 Limitations 

One limitation of this thesis is that households who agreed to complete the 

social network interview may be more likely to share with others. Although 

households were assured that information would remain confidential with 

whom they gave resources and from whom they received resources, several 

households in Ossu did not want to complete the interview due to the 

information being “private”. It is possible that households who do not give to 

others did not want to report this and be viewed as stingy. However, these 

households make up less than 10% of all households in our sample suggesting 

that the patterns of sharing found in this thesis are a true reflection of the 

majority households in the study communities.  

 

 Conclusions 

This thesis explores the patterns of resource sharing and cooperation among 

households in two rural Timorese communities and investigates how these 

patterns influence children’s growth after controlling for individual and 
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household characteristics. Sharing patterns in Timor-Leste reflect evolutionary 

explanations including kin (Natarbora and Ossu) and reciprocity (Natarbora) as 

well as ecological explanations such as those associated with geographical 

organisation (Natarbora and Ossu) and sex, that is male-male sharing (Ossu). 

There is more cooperation in matrilineal Natarbora than in patrilineal Ossu. In 

Natarbora– but not in Ossu –, expected reciprocity explains the second greatest 

proportion of sharing and may encourage households in the community to 

cooperate with one another.  

 

Consistent with previous work in these two communities, Natarbora children 

are taller and heavier for their age than Ossu children. The effect of social 

networks on children’s growth varies across communities with social networks 

independently contributing to post-harvest children’s growth in Natarbora but 

not Ossu. Consistent with the ecological literature, long-term (fostering) 

networks organised through maternal kin in matrilineal Natarbora are 

associated with higher z-weight and those organised through paternal kin are 

associated with lower z-height. In contrast, both maternal and paternal long-

term (fostering) networks are predictors of Ossu children’s higher z-weight - 

but only before controlling for household characteristics indicating that social 

networks of patrilineal Ossu households may be associated with other 

household characteristics. Although social networks do not appear to buffer 

children from seasonal resource scarcity, more sharing events in the post-rainy 

season than the post-harvest season in both communities strongly suggests that 

households are using their social networks to reduce seasonal fluctuations in 

resources.  

 

Matrilateral kin are more likely to cooperate and are the most common 

contributors to allocare. In matrilineal Natarbora, children’s growth is 

consistently better than in patrilineal Ossu. Cooperation in Natarbora appears 

to follow a generalised pattern and encourages community resilience by 

creating a community-level network of potential helpers that households can 

access to buffer themselves from environmental and economic shocks.  
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Appendix C: GPS map of Natarbora households 

 

 

GPS map of households in Natarbora. Each black dot represents a household interviewed in 2016 
and/or 2017. Yellow buses represent schools, the green dot represents the local open-air market, the 
cross represents the government clinic, and the blue dot represents the local convent clinic. Umaboku 
(location of the clinic, the market, the church, a Catholic infant school, 2 primary and 2 middle high 
schools, and a public Agricultural College), Abatoan (location of a government primary and middle 
school), Ai Teka Laran (no amenities) and the Millennium Development Goals (MDG) village of 
prefabricated houses initially populated in 2014 (no functional amenities). 
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Appendix D: GPS map of Ossu households 

 

2.  

GPS map of households in Ossu. Each black dot represents a household interviewed in 2016 and/or 
2017. Yellow buses represent schools, the green dots represent the markets, the cross represents the 
government clinic, and the headstone represents the major cemetery. Ossu villa (the location of the 
church, the market, the clinic, 2 primary/middle high schools and 2 senior high schools), Uaibua 
(location of schools), Liamida (no amenities) and Kai uai hoo (location of a market and a 
primary/middle high school). 
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Appendix E: Household personal network interview 

Received resources. 

1. In the past month, has anyone given you resource X?  

2. How much/how many times have they given it? (if possible) 

3. Because they gave you resource X, did you give them anything? 

If yes,  

a. What did you give? 

b. How much/how many times did you give it? 

If no,  

c. Do you have to give something in return? 

d. What will you give? 

4. Is this the first time that you and this person have helped one another? 

 

Given resources. 

5. In the past month, have you given resource X to anyone? 

6. How much/how many times have you given it? 

7. Because you gave them resource X, did they give you anything in return? 

If yes,  

a. What did they give you? 

b. How much/how many times did they give it? 

If no,  

c. Are you expecting to receive something in return? 

d. What are you expecting to receive? 

e. How much/how many times are you expecting to receive it? 

8. Is this the first time that you and this person have helped one another? 
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The above questions were asked for the following resources: food, labour, 

livestock, seeds, money, child care, land and land access, healthcare and healthcare 

information, other information, open category. For child fostering, respondents 

were asked the same set of questions, but the first question was framed as ‘have 

you ever?’ 

 

For each person or organisation cited: 

9. What is this person’s name? 

10. How old is this person? 

11. Is this person a man or a woman (if unclear from the name)? 

12. How is this person related to you? 

a. If not related, how do you know this person? 

b. How long have you known this person? 

13. Where does this person live? 

14. What job does this person do? 
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Appendix F: Pre- and post- CATPCA alter characteristic variable coding.  

 Natarbora Ossu 

 Pre-discretisation coding Post-discretisation coding Pre-discretisation coding Post-discretisation coding 

Resource 1 = food 

2 = labour 

3 = livestock 

4 = seeds 

5 = money 

7 = childcare 

8 = land 

1 = food 

2 = labour 

3 = livestock 

4 = seeds 

5 = money 

7 = childcare 

8 = land 

1 = food 

2 = labour 

3 = livestock 

4 = seeds 

5 = money 

7 = childcare 

8 = land 

1 = food 

2 = labour 

3 = livestock 

4 = seeds 

5 = money 

7 = childcare 

8 = land 

Agricultural season NA NA 0 = 2016 

1 = 2017 

NA 

Flow direction 0 = household gave 

1 = household received 

0 = household gave 

1 = household received 

0 = household gave 

1 = household received 

0 = household gave 

1 = household received 

Relatedness category 

(unrelated, affinal, 

cognatic) 

0 = unrelated 

1 = affinal 

2 = cognatic 

0 = unrelated 

1 = affinal 

2 = cognatic 

0 = unrelated 

1 = affinal 

2 = cognatic 

0 = unrelated and affinal  

1 = cognatic 

Relatedness coefficient Scale Scale Scale Scale 

Expected reciprocity 0 = no 

1 = yes 

0 = no 

1 = yes 

0 = no 

1 = yes 

NA 
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Shared community 

 

 

Neighbours 

0 = no 

1 = yes 

 

0 = no 

1 = yes 

0 = alter lives in different 

community to respondent 

1 = alter lives in same 

community to respondent, 

but are not neighbours 

2 = alter is a neighbour 

0 = no 

1 = yes 

 

0 = no 

1 = yes 

0 = the alter lives outside of 

the community 

1 = the alter lives within the 

community 

Relative age -1 = respondent ≥5 years 

younger than the alter 

0 = respondent older < 5 

years and younger < 5 years 

(i.e., approximately the same 

age as the alter) 

1 = respondent ≥5 years older 

than the alter 

0 = respondent ≥5 years 

younger than the alter OR 

respondent older < 5 years 

and younger < 5 years (i.e., 

approximately the same age 

as the alter) 

1 = respondent ≥5 years older 

than the alter 

-1 = respondent ≥5 years 

younger than the alter 

0 = respondent older < 5 

years and younger < 5 years 

(i.e., approximately the same 

age as the alter) 

1 = respondent ≥5 years older 

than the alter 

1 = respondent ≥5 years 

younger than the alter 

2 = respondent older < 5 

years and younger < 5 years 

(i.e., approximately the same 

age as the alter) 

3 = respondent ≥5 years older 

than the alter 

Alter sex 0 = female 

1 = male 

NA 0 = female 

1 = male 

0 = female 

1 = male 

Household community 0 = Umaboku 

1 = Abatoan 

2 = Ai Teka Laran 

3 = MDG 

0 = not MDG 

1 = MDG 

0 = Ossu villa 

1 = Uai bua 

2 = Liamida 

3 = Kai uai hoo 

0 = Ossu villa 

1 = Uai bua 

2 = Liamida 

3 = Kai uai hoo 

Respondent sex 0 = female 

1 = male 

NA 0 = female 

1 = male 

0 = female 

1 = male 

  



 

212 
 

Appendix G: Network drawings of resource transfers including groups and institution. 

 

Social networks in Natarbora (left) and Ossu (right) including groups and institutions, ‘other’ help and 2016 child fostering that were repeated in 2017. In 
(A) and (B), responding households are red and person alters are green. Lines represent resource transfers between households and alters. Resources flow in 
a clockwise direction. Green lines are resource transfers that were reported in the post-harvest season (2016) and blue lines are resource transfers that were 
reported in the post-rainy season (2017). Larger dots have a greater total number of resource transfers relative to smaller dots. The clinic and siska are 
central, large, and pink. Institutions are blue. ‘Community’ is purple. Labour groups are orange. Groups and institutions are involved in a substantial 
proportion of resource transfers in Natarbora and Ossu. 
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Appendix H: Descriptive statistics of resource transfers including groups and 

institutions.  

Alter and flow event counts of reported resource networks over the previous month in the post-harvest 
and in post-rainy season for 99 Natarbora households by resource type. Alters here include institutions 
and groups. 

Resource type Alters* Post-harvest 

season 

Post-rainy 

season 

Total 

Food 107 56 72 128 

Labour 57 34 39 73 

Livestock 40 12 28 40 

Seeds 57 33 46 79 

Money 55 29 36 65 

Fostering 148 65 122 187 

Child care 33 14 23 37 

Land Access 24 14 21 35 

Healthcare 25 54 48 102 

“Other help” 

 Building houses 

 Information 

 Transport 

 Open category 

 

20 

10 

7 

5 

 

4 

12 

1 

3 

 

16 

1 

6 

2 

 

20 

13 

7 

5 

Total 460 331 460  

Grand total flow events   791 

* Number of alters for each resource type are less than the total events because some alters are repeated 

across resource types. 
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Alter and flow event counts of reported resource networks over the previous month in post-harvest 
and in post-rainy season for 97 Ossu households by resource type. Alters here include institutions and 
groups. 

Resource type Alters* Post-harvest 

season 

Post-rainy 

season 

Total 

Food 61 30 48 78 

Labour 28 25 14 39 

Livestock 22 16 9 25 

Seeds 14 14 6 20 

Money 60 39 27 66 

Fostering 126 87 135 222 

Child care 20 10 19 29 

Land 25 27 26 53 

Healthcare 8 35 33 68 

“Other help” 

 Building houses 

 Information 

 Open category 

 Taiis 

 Transport 

 

14 

9 

5 

1 

1 

 

2 

11 

3 

1 

0 

 

24 

1 

3 

1 

1 

 

26 

12 

6 

2 

1 

Total 327 300 347  

Grand total flow events   647 

* Number of alters for each resource type are less than the total event because some alters are repeated 

across resource types. 
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Appendix I: Association of sharing strategies with resource types after correcting for multiple comparisons. 

Estimated marginal means from 15 separate linear mixed models regressing each sharing strategy (CATPCA component scores) as the dependent variables 
against bivariate resource as the independent fixed-effect variables and household as a random effect in Natarbora. Bold p values are significant at the 
Bonferroni adjusted p < 0.003 level for multiple comparisons. * significant at the .05 level 

  Resource sharing strategy 

  Kin (CATPCA 1) Neighbour and Expected Reciprocity 

(CATPCA 2) 

Younger Receiving MDG Resident 

(CATPCA 3) 

Resource type Mean (SE) df p Mean (SE) df p Mean (SE) df p 

Food No 0.002 (0.081) 94  

0.429 

- 0.025 (0.092) 92  

< 0.003 

- 0.005 (0.099) 96  

0.863 Yes - 0.081 (0.099) 207 0.357 (0.104) 149 0.010 (0.108) 137 

Labour No    0.078 (0.092) 79  

0.011* 

- 0.016 (0.094) 83  

0.263 Yes   0.392 (0.140) 273 0.114 (0.137) 256 

Livestock No    0.175 (0.089) 78  

< 0.003 

   

Yes   - 0.394 (0.154) 327   

Seeds No - 0.008 (0.074) 77  

0.237 

      

Yes - 0.184 (0.151) 345     

Money No - 0.095 (0.073) 80  

< 0.003 

0.165 (0.089) 79  

< 0.003 

0..063 (0.093) 83  

< 0.003 Yes 0.397 (0.133) 320 - 0.201 (0.134) 262 - 0.421 (0.130) 237 

Child care No    0.144 (0.091) 77  

0.050 

- 0.014 (0.095) 82  

0.233 Yes   - 0.142 (0.160) 341 0.148 (0.155) 319 

Land access No 0.023 (0.71) 72  

<0.003 

0.107 (0.091) 77  

0.368 

- 0.042 (0.094) 82  

< 0.003 Yes - 0.605 (0.184) 362 0.259 (0.180) 354 0.515 (0.170) 342 

Blank cells indicate resources which were not associated with sharing strategy CATPCA scores when comparing across resources.  
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Estimated marginal means from 15 separate linear mixed models regressing each sharing strategy (CATPCA component scores) as the dependent variables 
against bivariate resource as the independent fixed-effect variables and household as a random effect in Ossu. Bold p values are significant at the 
Bonferroni adjusted p < 0.003 level for multiple comparisons. * significant at the .05 level 

  Resource sharing strategy 

  Kin  

(CATPCA 1) 

Within isolated community  

(CATPCA 2) 

Between males  

(CATPCA 3) 

Resource type  Mean (SE) df p Mean (SE) df p Mean (SE) df p 

Food No - - - - 0.015 (0.106) 82 0.271 0.141(0.101) 82 0.045* 

Yes - - 0.076 (0.121) 127 - 0.093 (0.130) 166 

Labour No - 0.077(0.080) 68 0.069 0.011 (0.105) 77 0.191 0.025 (0.097) 74 0.007* 

Yes 0.264 (0.181) 235 0.146 (0.148) 202 0.478 (0.173) 240 

Livestock No - - - - - - 0.069 (0.100) 73 0.415 

Yes - - - - 0.220 (0.195) 256 

Seeds No - - - - - - - - - 

Yes - - - - - - 

Money No - 0.093 (0.085) 81 0.090 0.073 (0.103) 81 <0.003 0.112 (0.102) 80 0.296 

Yes 0.158 (0.140) 196 - 0.242 (0.125) 148 - 0.026 (0.143) 185 

Child care No - 0.090 (0.082) 71 0.019* - - - 0.165 (0.102) 74 <0.003 

Yes 0.351 (0.183) 263 - - - 0.497 (0.170) 243 

Land access No 0.056 (0.081) 71 <0.003 - 0.029 (0.106) 79 0.014* - 0.016 (0.099) 76 <0.003 

Yes - 0.647 (0.166) 248 0.236 (0.140) 181 0.714 (0.158) 232 

Blank cells indicate resources which were not associated with sharing strategy CATPCA scores when comparing across resources.  
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Appendix J: Household interview 

General information: 

1. What is your name? 

2. How are old are you? 

3. Are you married? 

4. How many people live in this house? (How many people eat here and sleep here?) 

5. Who are the people who live in this house? 

a. Name? 

b. Age? 

6. How are the people who live in this house related to you? 

7. Have you ever attended school? 

a. How many years did you attend school for? 

8. Has your husband ever attended school? 

a. How many years did he attend school for? 

9. Does your husband work? 

a. What sort of work does your husband do? 

10. Do you work? 

11. This month, have you been sick? 

a. What kind of sickness have you had? 

b. Have you been to the clinic? 

c. Did you receive medication? 

d. Are you better now or not? 

12. This month, has your husband been sick?  

 

Child education and health 

The following questions were recorded for each child aged 18 and under 

residing in the household at the time of interview. 

13. Does this child attend school? 

a. What class in school is he/she? 
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14. This month, has this child been sick? 

a. What kind of sickness has he/she had? 

b. Have you taken them to the clinic? 

c. Have they received medication? 

d. Are they better now or not? 

 

Household resources 

1. Do you have a garden? 

a. Are you currently growing crops in your garden? 

b. If so, what are you growing? 

2. Do you have a plantation? 

a. Are you currently growing anything in your plantation?  

b. If so, what are you growing? 

3. Do you have a rice field? 

a. Are you currently growing your rice crop? 

b. If not, are you planning to grow a crop this year? 

4. Do you keep any animals? 

a. If so, what kinds and numbers do you have? 

b. Have any of your animals died this year? 

c. If so, what kinds have died? 

5. Does your house have electricity?  

a. What appliances do you have that use electricity? 

6. Do you or anyone in your household receive any pensions from the government? 

7. Does anyone in your household receive money for work? 

a. What kind of work? 

8. What kind of toilet does your household have? 

9. Where do you carry water from? 

10. Do you strain or boil your water before drinking it? 

11. How often does your household eat eggs? 
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Household construction materials were recorded from observations. 
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Appendix K: Individual level variables 

 

  

Variable Categories 

Age group 0 = 0-2 

1 = 2.1-5 

2 = 5.1-10 

3 = 10.1-15 

4 = >15.1 

Sex 0 = female 

1 = male 

Child fostering status 0 = biological child in biological household 

1 = foster child in fostering household 

2 = biological child in fostering household 

Mother’s height Scale 

z height Scale 

z weight Scale 

z BMI Scale 

z-head circumference Scale 

z MUAC Scale 
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Appendix L: Network variables 

Variables Categories 

Food network 0 = no  

1 = yes 

Labour network 0 = no  

1 = yes 

Livestock network 0 = no 

1 = yes 

Seed network 0 = no 

1 = yes 

Money network 0 = no  

1 = yes 

Childcare network 0 = no  

1 = yes 

Healthcare network 0 = no  

1 = yes 

“Other help” network 0 = no  

1 = yes 

Fostering network 0 = never fostered 

1 = maternal only 

2 = paternal only 

3 = maternal and paternal 

Generation 0 = never fostered 

1 = younger generation 

2 = same generation 

3 = older generation 

4 = multiple generations 
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Appendix M: Household level variables 

Variable Categories 

Household number  

Parents 0 = none 

1 = mother 

2 = mother and father 

Resident children Scale 

Number of resident grandmothers 0 = none 

1 = at least 1 

Number of resident grandfathers 0 = none 

1 = at least 1 

# “Other adults” Scale 

Access to cash economy 0 = no access to pension or salary 

1 = pension 

2 = salary 

3 = pension and salary 

4 = pension and day labour 

5 = pension and business (Ossu only) 

Water source 0 = MDG/closed water source 

1 = hand pumped/drawn 

2 = electric pump 

Water treatment 0 = no treatment 

1 = boil only 

2 = strain only 

3 = boil and strain 

4 = buy water (Ossu only) 

Household construction materials 0 = dirt floor & thatch/tin/tile/asbestos roof 

1 = concrete/tile floor & tin/tile/asbestos roof 

2 = as above with glass windows 

3 = MDG village house (Natarbora only) 

Number of cows 0 = none 

1 = 1-5 

2 = 6+ 

Number of pigs Scale 

Number of chickens 0 = none 
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1 = 1-5 

2 = 6-10 

3 = ≥10 

Total sum of appliances Scale 

Garden 0 = no land 

1 = cultivating land this year 

2 = own land but not cultivating 

Rice field 0 = no land 

1 = cultivating land this year 

2 = own land but not cultivating 

3 = planning to cultivate this year 

Total sum of garden crops Scale 
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Appendix N: Household variable correlations 

Bivariate associations (test parameter and significance) of household resource variables with child 
growth measures in post-harvest season (2016) in Natarbora. Associations with P < 0.1 are shown 
in bold.  

Variable (statistical test) z-height z-weight z-BMI z-MUAC z-z-head 

Cash income type 

(ANOVA) 

W = 2.202* 

p = 0.067 

F = 2.099 

p = 0.068 

F = 1.780 

p = 0.117 

F = 1.112 

p = 0.360 

F = 0.713 

p = 0.616 

Toilet  

(independent t) 

t = -3.537 

p < 0.001 

t = -1.187 

p = 0.237 

t = 1.510 

p = 0.132 

t = -0.347 

p = 0.729 

t = -0.729 

p = 0.468 

Water treatment  

(independent t) 

t = -1.115 

p = 0.265 

t = -1.065 

p = 0.289 

t = -1.350 

p = 0.178 

t = -0.334 

p = 0.739 

t = -0.194 

p = 0.846 

Water supply  

(ANOVA) 

F = 0.646 

p = 0.525 

F = 0.091 

p = 0.913 

F = 0.833 

p = 0.436 

F = 0.366 

p = 0.694 

F = 0.218 

p = 0.805 

Eggs eaten. 

(ANOVA) 

F = 0.983 

p = 0.375 

F = 0.465 

p = 0.629 

F = 0.444 

p = 0.642 

F = 1.474 

p = 0.235 

F = 6.059 

p = 0.003 

Household construction 

(ANOVA) 

F = 3.128 

p = 0.015 

F = 0.895 

p = 0.469 

F = 1.943 

p = 0.103 

F = 1.822 

p = 0.132 

F = 3.266 

p = 0.015 

Animals 

(independent t) 

t = 1.129 

p = 0.260 

t = -0.126 

p = 0.900 

t = -0.044 

p = 0.965 

t = -0.348 

p = 0.729 

t = -0.204 

p = 0.839 

Cows  

(ANOVA) 

F = 1.318 

p = 0.268 

F = 2.161 

p = 0.095 

F = 2.777 

p = 0.041 

F = 1.363 

p = 0.260 

W = 1.265* 

p = 0.342 

Pigs  

(Pearson) 

r = 0.074 

p = 0.187 

r = 0.018 

p = 0.822 

r = -0.017 

p = 0.768 

r = 0.006 

p = 0.956 

r = 0.111 

p = 0.308 

Chickens  

(ANOVA) 

W = 0.828* 

p = 0.481 

F = 0.647 

p = 0.586 

F = 2.481 

p = 0.061 

F = 0.193 

p = 0.901 

F = 0.306 

p = 0.821 

Appliances  

(Pearson) 

r = 0.159 

p = 0.005 

r = 0.190 

p = 0.017 

r = 0.072 

p = 0.202 

r = 0.133 

p = 0.215 

r = 0.075 

p = 0.491 

Crops  

(Pearson) 

r = -0.010 

p = 0.865 

r = 0.042 

p = 0.600 

r = 0.046 

p = 0.416 

r = 0.110 

p = 0.308 

r = 0.038 

p = 0.724 

Toos 

(ANOVA) 

W = 0.895* 

p = 0.473 

F = 0.541 

p = 0.706 

F = 0.752 

p = 0.557 

F = 0.727 

p = 0.576 

F = 0.516 

p = 0.724 

Natar  

(ANOVA) 

F = 5.726 

p = 0.001 

F = 2.300 

p = 0.079 

F = 1.358 

p = 0.256 

F = 0.592 

p = 0.622 

F = 0.729 

p = 0.538 

* Welch’s non-parametric statistic 

 



 

225 
 

Bivariate associations (test parameter and significance) of household resource variables with child 
growth measures in post-rainy (2017) season in Natarbora. Associations with P < 0.1 are shown in 
bold.  

Variable (statistical test) z-height z-weight z-BMI z-MUAC z-z-head 

Cash income type  

(ANOVA) 

F = 0.456 

p = 0.768 

F = 1.857 

p = 0.121 

F = 1.763 

p = 0.136 

F = 1.048 

p = 0.388 

F = 2.920 

p = 0.026 

Toilet  

(independent t) 

t = -2.775 

p = 0.006 

t = -1.721 

p = 0.087 

t = 0.935 

p = 0.350 

t = -0.803 

p = 0.424 

t = -2.569 

p = 0.012 

Water treatment  

(independent t) 

t = -1.078 

p = 0.282 

t = 0.168 

p = 0.867 

t = -0.640 

p = 0.523 

t = -1.606 

p = 0.112 

t = -0.712 

p = 0.479 

Water supply  

(ANOVA) 

F = 0.051 

p = 0.950 

F = 0.109 

p = 0.897 

F = 1.778 

p = 0.171 

F = 2.107 

p = 0.129 

F = 1.221 

p = 0.300 

Eggs eaten.  

(ANOVA) 

F = 1.089 

p = 0.338 

F = 1.067 

p = 0.347 

F = 0.703 

p = 0.496 

F = 1.261 

p = 0.289 

F = 8.082 

p = 0.001 

Household construction 

(ANOVA) 

F = 2.174 

p = 0.072 

F = 3.001 

p = 0.020 

F = 4.090 

p = 0.003 

F = 4.426 

p = 0.003 

F = 1.832 

p = 0.131 

Animals 

(independent t) 

t = 0.993 

p = 0.322 

t = -0.561 

p = 0.575 

t = -0.123 

p = 0.902 

t = -1.195 

p = 0.236 

t = 0.535 

p = 0.594 

Cows  

(ANOVA) 

F = 2.178 

p = 0.091 

F = 0.347 

p = 0.791 

F = 1.953 

p = 0.121 

F = 1.149 

p = 0.335 

F = 2.270 

p = 0.087 

Pigs  

(ANOVA) 

r = 0.072 

p = 0.223 

r = 0.156 

p = 0.050 

r = 0.063 

p = 0.293 

r = 0.177 

p = 0.117 

r = 0.030 

p = 0.790 

Chickens  

(ANOVA) 

F = 4.771 

p = 0.003 

W = 3.622* 

p = 0.017 

F = 0.385 

p = 0.764 

F = 2.383 

p = 0.076 

F = 0.384 

p = 0.765 

Appliances  

(Pearson) 

r = 0.172 

p = 0.004 

r = 0.152 

p = 0.056 

r = 0.025 

p = 0.674 

r = 0.211 

p = 0.061 

r = 0.223 

p = 0.045 

Crops  

(Pearson) 

r = -0.045 

p = 0.454 

r = -0.010 

p = 0.905 

r = 0.076 

p = 0.202 

r = 0.129 

p = 0.255 

r = 0.005 

p = 0.962 

Toos 

(ANOVA) 

F = 1.833 

p = 0.123 

F = 0.806 

p = 0.523 

F = 1.478 

p = 0.209 

F = 1.197 

p = 0.319 

F = 0.778 

p = 0.543 

Natar  

(ANOVA) 

F = 5.178 

p = 0.002 

F = 5.180 

p = 0.002 

F = 1.925 

p = 0.126 

F = 2.392 

p = 0.075 

F = 2.062 

p = 0.112 

* Welch’s non-parametric statistics 
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Bivariate associations (test parameter and significance) of household resource variables with child 
growth measures in post-harvest season (2016) in Ossu. Associations with P < 0.1 are shown in 
bold. 

Variable (statistical test) z-height z-weight z-BMI z-MUAC z-z-head 

Cash income  

(ANOVA) 

F = 2.987 

p = 0.012 

F = 2.091 

p = 0.069 

F = 0.848 

p = 0.517 

F = 1.091 

p = 0.375 

F = 1.202 

p = 0.318 

Toilet  

(independent t) 

t = -0.930 

p = 0.354 

t = -1.463 

p = 0.145 

t = -0.515 

p = 0.607 

t = 0.154 

p = 0.878 

t = -0.588 

p = 0.558 

Water treatment  

(ANOVA) 

F = 2.149 

p = 0.118 

F – 1.315 

p = 0.271 

F = 2.241 

p = 0.108 

F = 0.353 

p = 0.704 

F = 1.028 

p = 0.364 

Water supply F = 0.783 

p = 0.504 

F = 0.147 

p =0.932 

F = 0.595 

p = 0.619 

F = 0.353 

p = 0.788 

F = 0.790 

p = 0.504 

Eggs eaten.  

(ANOVA) 

F = 1.885 

p = 0.132 

F = 1.265 

p = 0.288 

F = 0.894 

p = 0.445 

F = 0.569 

p = 0.638 

F = 2.138 

p = 0.104 

Household construction 

(ANOVA) 

F = 7.427 

p = 0.001 

F = 3.121 

p = 0.047 

F = 0.603 

p = 0.548 

F = 0.410 

p = 0.665 

F = 3.622 

p = 0.032 

Animals 

(independent t) 

t = -0.247 

p = 0.805 

t = -0.809 

p = 0.420 

t = -0.234 

p = 0.815 

t = 0.774 

p = 0.442 

r = 0.470 

p = 0.640 

Cows  

(ANOVA) 

F = 0.451 

p = 0.717 

F = 1.788 

p = 0.151 

F = 0.838 

p = 0.474 

F = 0.567 

p = 0.639 

F = 0.695 

p = 0.558 

Pigs  

(Pearson) 

r = 0.106 

p = 0.055 

r = 0.100 

p = 0.193 

r = -0.001 

p = 0.986 

r = 0.026 

p = 0.840 

r = 0.174 

p = 0.151 

Chickens  

(ANOVA) 

F = 0.511 

p = 0.675 

F = 1.930 

p = 0.127 

F = 0.933 

p = 0.425 

F = 1.830 

p = 0.151 

F = 1.379 

p = 0.257 

Appliances  

(Pearson) 

r = 0.145 

p = 0.008 

r = 0.146 

p = 0.057 

r = -0.004 

p = 0.936 

r = 0.166 

p = 0.191 

r = 0.148 

p = 0.222 

Crops  

(Pearson) 

r = 0.013 

p = 0.809 

r = 0.069 

p = 0.373 

r = 0.023 

p = 0.673 

r = 0.048 

p = 0.708 

r = 0.103 

p = 0.397 

Toos  

(independent t) 

t = -0.168 

p = 0.867 

t = -1.594 

p = 0.113 

t = -0.730 

p = 0.446 

t = -1.132 

p = 0.262 

t = -1.473 

p = 0.145 

Natar  

(ANOVA) 

F = 2.028 

p = 0.133 

F = 0.519 

p = 0.596 

F = 0.273 

p = 0.761 

F = 0.566 

p = 0.571 

F = 0.697 

p = 0.502 
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Bivariate associations (test parameter and significance) of household resource variables with child 
growth measures in post-rainy season (2017) in Ossu. Associations with P < 0.1 are shown in bold. 

Variable (statistical test) z-height z-weight z-BMI z-MUAC z-z-head 

Cash income  

(ANOVA) 

F = 3.492 

p = 0.004 

F = 1.627 

p = 0.156 

F = 0.724 

p = 0.606 

F = 0.953 

p = 0.454 

F = 3.337 

p = 0.010 

Toilet  

(independent t) 

t = -1.220 

p = 0.224 

t = -1.112 

p = 0.268 

t = -0.623 

p = 0.534 

t = -0.951 

p = 0.345 

t = 0.498 

p = 0.620 

Water treatment 

(ANOVA) 

F = 0.865 

p = 0.422 

F = 1.279 

p = 0.281 

F = 0.351 

p = 0.704 

F = 1.519 

p = 0.227 

W = 1.014* 

p = 0.398 

Water supply  

(ANOVA) 

F = 0.283 

p = 0.838 

F = 0.725 

p = 0.539 

F = 2.101 

p = 0.100 

F = 0.106 

p = 0.956 

F = 0.178 

p = 0.911 

Eggs eaten.  

(ANOVA) 

F = 1.320 

p = 0.268 

F = 2.102 

p = 0.102 

F = 0.822 

p = 0.482 

F = 2.167 

p = 0.101 

F = 3.988 

p = 0.012 

Household construction 

(ANOVA) 

F = 5.523 

p = 0.004 

F = 1.489 

p = 0.232 

F = 0.415 

p = 0.661 

F = 1.337 

p = 0.270 

F = 1.539 

p = 0.223 

Animals 

(independent t) 

t = -0.019 

p = 0.985 

t = -1.589 

p = 0.114 

t = -1.382 

p = 0.168 

t = -1.168 

p = 0.247 

t = -0.295 

p = 0.769 

Cows  

(ANOVA) 

F = 0.210 

p = 0.890 

F = 2.909 

p = 0.036 

F = 1.307 

p = 0.272 

F = 2.110 

p = 0.108 

W = 0.735 

p = 0.544 

Pigs  

(Pearson) 

r = 0.075 

p = 0.198 

r = 0.044 

p = 0.586 

r = -0.010 

p = 0.868 

r = -0.017 

p = 0.891 

r = 0.108 

p = 0.402 

Chickens  

(ANOVA) 

F = 0.185 

p = 0.906 

F = 3.363 

p = 0.020 

F = 0.630 

p = 0.596 

F = 4.448 

p = 0.007 

F = 6.024 

p = 0.001 

Appliances  

(Pearson) 

r = 0.142 

p = 0.015 

r = 0.252 

p = 0.001 

r = 0.130 

p = 0.026 

r = 0.285 

p = 0.023 

r = 0.220 

p = 0.085 

Crops  

(Pearson) 

r = -0.053 

p = 0.360 

r = 0.008 

p = 0.925 

r = -0.036 

p = 0.536 

r = 0.018 

p = 0.887 

r = 0.002 

p = 0.987 

Toos  

(ANOVA) 

F = 1.038 

p = 0.376 

F = 4.799 

p = 0.003 

F = 1.254 

p = 0.290 

F = 1.244 

p = 0.295 

F = 0.260 

p = 0.772 

Natar  

(ANOVA) 

F = 1.666 

p = 0.191 

F = 0.289 

p = 0.749 

F = 0.890 

p = 0.412 

F = 0.955 

p = 0.391 

F = 0.201 

p = 0.819 

* Welch’s non-parametric statistics  




