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ABSTRACT. Adaptability isemerging as akey issue not only in the climate change debate but in the general areaof sustainable
development. In this context, we examine the link between household resilience and connectivity in a rural community in
Botswana. We see resilience and vulnerability as the positive and negative dimensions of adaptability. Poor, marginal rural
communities confronted with the vagaries of climate change, will need to become moreresilient if they areto survive and thrive.
We define resilience as the capacity of a social—ecological system to cope with shocks such as droughts or economic crises
without changing its fundamental identity. We make use of three different indices of household resilience: livelihood diversity,
wealth, and a comprehensive resilience index based on acombination of human, financial, physical, social, and natural capital.
Then, we measure the social connectivity of households through a whole network approach in social network analysis, using
two measures of network centrality (degree centrality and betweenness). We hypothesize that households with greater social
connectivity have greater resilience, and analyze a community in rural Botswana to uncover how different households make
use of social networks to deal with shocks such as human illness and death, crop damage, and livestock disease. We surveyed
the entire community of Habu using a structured questionnaire that focused on livelihood strategies and socia networks. We
found that gender, age of household head, and household size were positively correlated with social connectivity. Our analysis
indicates that those households that are more socially networked are likely to have awider range of livelihood strategies, greater
levels of other forms of social capital, and greater overal capital. Therefore, they are more resilient.
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INTRODUCTION

Resilience has emerged as an insightful framework for
studying complex, dynamic human—environment interactions
(see, for example, Berkes and Folke 1998, Carpenter et al.
2001, Gunderson and Holling 2002, Anderies et a. 2006).
Resilience “ stresses the importance of assuming change and
explaining stability, instead of assuming stability and
explaining change”’ (Folke et al. 2003). A resilience approach
recognizes that there is no single stable state in a social—
ecological system (SES), but that the system is exposed to
different “shocks’ that challenge its fundamental identity and
make it dynamic. Therefore, resilient systems have the
adaptive capacity or coping mechanismsto absorb shocks and
adapt to new challenges without changing their fundamental
structure and function (Alcorn and Toledo 1998, Gunderson
and Holling 2002). In SESs such as rural communities, this
capacity in turn relies on the community’ s capacity for social
learning and innovation (Walker and Salt 2006). The exact
definition of adaptive capacity and how it relatesto resilience
variesamong resilience scholars. In someinstances, resilience
is seen as a subcomponent of adaptive capacity (Brooks and
Adger 2005), whereas others regard it as a process that
modifies ecological resilience (Gunderson 2000). The
definition often depends on whether a scholar focuses

predominantly on the socia system (former) or ecological
system (latter). Thisassessment concurswith that of Adger et
al. (2004):

... the term “ adaptive capacity” is used to cover a
multitude of factors, but there is no general
agreement as to what these factors should be.
Neither is there much in the published literature
regarding the relationship between vulnerability
and adaptive capacity; the former is described
variously astheinverse or as a function of the latter.

As a result, resilience and adaptive capacity are often used
interchangeably. Here, we see adaptive capacity asakey factor
that contributestoresilienceandislargely related to the nature
of social ingtitutions and networks.

Increasingly, attention is being paid to human vulnerability
and how to reduce thisthrough strengthening socia resilience
(Adger 2000, Nelson et a. 2007). Redundancy of socia
institutions or resources and socia or ecological diversity/
heterogeneity contribute to system resilience (Bodin et al.
2006) through enhancing its adaptive capacity. Adaptive
capacity is also impacted by a system’sinternal and external
connectivity which is activated through various networks,
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whether physical (e.g., road networks), socia, economic, or
ecological. Gunderson and Holling (2002) define
“connectedness’ as the “strength of internal connections that
mediate the influences between inside processes and the
outside world.” Therefore, connectivity is closely linked to
resilience, athough this may be a complex relationship
depending on the nature of the shock and the network metrics
used to analyzeit (Janssen et al. 2006). We use social network
analysisto explore the relationship between connectivity and
resilience.

Here, we have focused on householdsin acommunity in rural
Botswanathat is relatively isolated, being 2.5 hrs by vehicle
from the district capital of Maun in Ngamiland and 20 km
from the nearest asphalt road. Drawing on Blaikie (1994) and
Heijmans (2004), we assume that households with greater
amountsof key typesof “capital” aremoreresilient, and hence
less vulnerabl e to shocks. We also expect households that are
more connected, both directly and indirectly, to be more
resilient (Adger 2003). A large proportion of Botswana's
population is rural, and in the country’s semi-arid but highly
variable environment, househol ds follow arange of primarily
natural resource-based livelihood strategies as a way of
limiting their vulnerability to shocks and stresses. This has
been shown for San remote area dweller settlements Kalahari
(Sallu et al. 2010) as well as in the Okavango Delta (K gathi
et al. 2007, Wilk and Kgathi 2007).

Vulnerability and Resilience

Therelationship between vulnerability and resilience haslong
been debated (see, for example, Manyena2006). Althoughwe
recognize that the concepts are not simply antonyms of each
other, it is clear that they generally have an inverse
relationship. The resilience of a SES, such as a rura
community, does not necessarily mean all components, i.e.,
households, have the same degree of resilience. Importantly,
“...resilient individuals may exist in non-resilient systemsand
resilient systems may contain individuals who are not
resilient” (Manyena 2006). Here, we use resilience to mean
the ability of a social unit, in this case the household unit, to
adapt to environmental change and cope with external and
internal shocks. Conversely, vulnerability is interpreted as
susceptibility to shocks and reduced adaptive capacity (Busby
et a. 2010).

We aso build on work from the disaster risk-reduction
community that emphasizesthelocal, community-based |evel
(Thomalla et al. 2006). Central characteristics of a disaster-
resilient community are organization and structures for
information exchange (Twigg 2007). However, although
formal institutions have acritical role to play in ensuring full
awareness, informal and family networks of exchange are
equally important, particularly for households with limited
resources (Dershem and Gzirishvili 1998, Hoddinott et al.,
unpublished manuscript).
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It is important to note that development studies, in their
interpretation of the concept of resilience, sometimes fail to
acknowledge scale effects. There may be ethical reasons for
not applying the ecological usage, where resilience is based
on a system’s ability to change its components, while still
maintainingitsoverall structure(Holling 2001). If losing some
househol dsisaway for acommunity structureto stay resilient,
then it is clear that from amoral standpoint that it is not only
on the emergent property of community that we must focus,
but also on the constituent elements of individual people or
households. Therefore, we structure our conceptual approach
on ideas such as the Household Vulnerability Index (Food,
Agriculture and Natural Resources Policy Analysis Network
2006) and theHuman A daptive Capacity Index (Vincent 2007)
which measure the range and amounts of different types of
capital available to households, and which are seen as
contributing towards resilience and sustainable livelihoods
(Ellis2000). Thelevels of capital gauge the size of buffer that
househol ds have against shocks such as drought and disease
(see, for example, Kgathi et al. 2007, and Sallu et a. 2010),
and canbeusedtoindicatetheability of ahouseholdtorespond
to, and persist through, shocks (Fig. 1).

Fig. 1. Schematic diagram showing the five types of
household capital that contribute to household adaptive
capacity and resilience.
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Social Networ ks and Resilience

In the same way that capital can be seen as contributing to
resilience, we believethat social networks represent aform of
connectivity that correlates with resilience. Social network
analysis is attracting increasing attention as a tool for
measuring socia connectivity that arises through exchanges
ininformation, abor, money, and food (Hanneman and Riddle
2005, Webb and Bodin 2008). Therole of social networksfor
sharing information and knowledge on natural resources, and
particularly the adaptive management of these resources to
promoteresilience, haspreviously beenilluminated by several
different authors, including Crona and Bodin (2006), Janssen
et al. (2006), and Olsson et al. (2004). Adger (2003) argued
that “ many aspects of adaptive capacity residein the networks
and socia capital of the groups that are likely to be affected
[by climate change].” The “bonding ties’ that connect
members of a group are recognized as being important for
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enhancing resilience by facilitating the internal transmission
of information and knowledge (Putnam 2001). On the other
hand, “bridging ties,” the external connections to different
groups, are important for promoting innovation as these are
more likely to bring new ideas into their group.

Here, we are particularly interested in analyzing informal
networks as organizations that explain variations in how
vulnerable rural households deal with external and internal
stresses and shocks. Although resilience has proved to be a
useful framework for studying linked social—ecological
systems, itisextremely challengingtoreach cross-disciplinary
agreement on key resilience indicators (Janssen et a. 2006).
We contend that an analysis of socia networks within a
community provides valuable insights into the adaptive
capacity of more resilient households.

Social networks are typically analyzed by looking at their
structure, that is, relationships between respondents and
network members or “dters” and composition, that is,
attributes of the respondents (McCarty et a. 2007). In their
work on adaptive management of natural resources, Bodin et
al. (2006) analyzed network structure by focusing on “ degree
centrality” and “ betweenness.” Degree centrality issimply the
number of other nodes, being householdsin our case, that are
directly connected to aspecific node. A high degree centrality
can enhance resilience by providing redundancy and
facilitating social learning, and can be an indicator of high
levels of trust. Degree centrality is an effective way of
measuring how integrated a node is (Vaente and Foreman
1998). Betweennessmeasurestheindirect connectivity of each
node (househol d) by computing the number of timesaspecific
node is part of the shortest path between al others pairs of
nodes. High betweenness across the broader network can also
add redundancy andfacilitatesocial learninginthecommunity
(Fig. 2). However, nodeswith exceptionally high betweenness
may also be sources of vulnerability to the whole network if
their removal significantly reduces the interconnectivity of
subgroupsin the network. Generally, betweenness assesses a
broader level of connection, linking different subnetworks,
that may allow diversity in connections, and hence the ability
to be influenced by different subnetworks or environments
(Brass 1984, Goh et al. 2003).

Fig. 2. How social network structure impacts resilience and
vulnerability.
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Study Area

As with much of the southern African region, the southern
Okavango has beenidentified asvulnerableto climate change
and climatevariability (Regional Climate Change Programme
2009, Bauer and Scholz 2010). Such variahility highlightsthe
need for high adaptive capacity, particularly in small rural
communitieswherelivelihoods are primarily based on natural
resources (Shackleton et al. 2001, Twyman 2001, Shackleton
and Shackleton 2006, Kgathi et al. 2007, Wilk and Kgathi
2007). Here, we focus on Habu, asmall rura villagelying on
the south-western periphery of the Okavango Delta (Fig. 3).
Unlike those few rural communities that fall within wildlife
management areas (see, for example, Blaikie 2004, and
Mbaiwa et al. 2011), remote villages in tribal grazing areas
such as Habu do not have access to the wildlife-based
community projects that are major earners and hence buffers
against unpredictable rainfall and flooding. In addition, much
of the attention in the recent past has been on those few
communities that can either use wildlife hunting and tourism
asakey sourceof livelihood (so-called CBNRM communities)
or belong to aminority that isdiscriminated against (e.g., San;
see, for example, Sallu et al. 2009, and Sallu et a. 2010). By
focusing on a community outside of a wildlife management
area, wenot only depi ct conditionsthat aremorerepresentative
of broader rural Botswana, but also can better represent
variation between households. In this way, we hope to
highlight the utility of the resilience—connectivity framework
in understanding socia change and vulnerability, which are
key aspects of climate variability research.

Habu comprises a residential core surrounded by outlying
cattle posts (Fig. 3). The last census, in 2001, recorded 70
househol dscomprising atotal of 304 people(Central Statistics
Office 2002). However, since that time, there has been steady
population growth, and the current population has more than
doubled. Thevillageliesonthedistal end of the Thaoge River,
one of the drier, seasonally flooded river channels of the
Okavango. Thisareaischaracterized by thornveld savannaon
aluvial sands, with patches of fertile soils associated with the
floodplains of the Thaoge River (Bendsen and Gelmroth
1983). According to community members, the first settlersin
theareawere of Bushmen origin, who maintained asomewhat
nomadic lifestyle. By the 1800s, a few Ye families, part of
themigration fromwhat isnow Namibia' s Caprivi Strip (Tlou
1976), had settled there. Fields began to beregularly ploughed
on the fertile floodplains in the late 1960s. In 1970, Herero
households arrived in the area. Thereis still a strong cultural
difference in livelihood strategies, with Yei, who are
increasingly assimilated into Tswana culture and adopt that
language, focusing primarily on crop production, and Herero
focusing mainly on livestock.
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Fig. 3. Location and structure of Habu village, showing scattered cattleposts up to 10 km away from the village core.
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Because of its remoteness, Habu appears to have limited
connection to outside markets, and househol dsrely on natural
resources, both for the dominant agricultural activities
mentioned above and directly for building materialsincluding
branches for poles, mud for walls, and thatching grass for
roofs, and for medicinal and food plants. Thisremotenessand
reliance on natural resources puts the community at risk from
environmental variability and shocks, and community
members recount a series of such events which have
challenged them over the past 50 years.

Habu lies on communally-held tribal land. The village gained
official settlement statusin 1979, with an appointed headman
of arbitration. However, since national independencein 1966,
the responsibilities and powers of village level headmen have
steadily been eroded to be replaced with a more centralized
governance structure. This centralization has resulted in

increasing open access as customary land is now open to any
citizen of Botswana (Cassidy 2000). Although two legd
systems co-exist in Botswana, there is an understanding that
subsistence levels of use fall under customary law and are
governed at the community level, whereas higher levels of
resource extraction relating to commercia use fall under
common law, and are subject to the regulations set out in
Botswana' s statutes (Cassidy 2000). Because Habu issituated
some distance from other settlements, there is little
opportunity for commercia harvesting of natural resources,
and thus the role of the headman has remained relatively
strong.

The tribal land on which the Okavango and its surroundings
liehasfurther been zoned into three categories: protected areas
comprised of parks and game reserves, wildlife management
areas, and tribal grazing areas (Cassidy 2000). Habu lies on
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tribal grazing land, and is separated from the adjacent wildlife
management areaby alivestock disease control fence (Fig. 3).
Thereisahealth clinicin thevillage, but the nearest doctor is
in the village of Nokaneng, some 50 km away by road, and
the nearest hospital isin the district capital, Maun. All young
children attend primary school in Habu. Thenearest secondary
school isin Tsau, also about 50 km away. Thisiswhere most
children attend as weekly boarders, although some also go to
school in communities where households have relatives.

METHODS

We used focus groups to understand the specific types of
shocks that had been experienced by the community and to
identify issues around which people in Habu might need to
interact. Focus-group discussions, especially those disaggregated
on gender lines, are effective tools in helping outsiders
understand issues that are critical to community members
(Slocum et al. 1998). In these focus-group discussions,
involving approximately 75 community members including
30 men and 45 women, participants compiled timelines of the
development of the settlement and identified major events or
shocks that had occurred during this time. The three primary
shocks identified were livestock disease, crop damage, and
human disease and death. Based on these discussions, we
examined exchanges undertaken in times of such shocks
across four different networks: information, labor, food, and
money.

A quantitative survey of 145 households, which represents
approximately 80 % of all households based in Habu, was
conducted to collect basic demographic and livelihood data
and lists of other households with whom the interviewed
household engaged in various exchanges. The intention to
capture all householdsproved logistically unfeasible, as some
20 % of households were entirely absent during the 3-week
survey period. Therefore, for the purpose of this analysis, we
treat the 145 households as representing our full population
and internal network, and interactions with any of the other
20% of households are treated the same as those with
households living in neighboring settlements.

Because the household is the livelihood unit of shared
production and consumption in Habu, as well as more
generaly in Botswana, thisis also the unit of vulnerability or
resilience in terms of shocksto livelihoods. When faced with
an external shock or perturbation, responses to the shock are
likely to vary more between households than within
households (for example, Sallu et al. 2010). This assumption
is supported by the sustainable livelihoods literature and
related devel opment programs (see for example, Carney et al.
1999, Ellis 2000, Scoones 1998). We further believe that by
testing socia network analysis at this aggregated level, we
will inform thisfield of study with regard to social exchanges
at alevel beyond that of theindividual (cf. Lhotkaet al. 2008).
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In keeping with the vulnerability and community resilience
literature (Food, Agriculture and Natural Resources Policy
Analysis Network 2006, Twigg 2007) and similar work
elsewherein communities around the Okavango (Kgathi et al.
2007), we structure our analysisaong thefive different forms
of capital identified as important to sustainable livelihoods:
financial, physical, natural, human, and social. Social support
and saf ety-net schemes such as |abor-based public works and
orphan relief are considered part of the “transforming
structures and processes’ and not as a “livelihood asset” (cf.
Carney et a. 1999) and, therefore, are not included in our
analyses of capital. Indicators of resilience and adaptive
capacity, based on these forms of capital, are assessed against
social network indices relating to four pathways of
connectivity between households: the exchange of
information, labor, food, and money. This connectivity is
analyzed both separately for each of thesefour exchangetypes,
aswell asfor overall exchanges for each household.

We use three calculated indices to represent household
resilience: 1) aLivelihood Diversity Index, whichisasimple
summation of the number of different strategies, rather than
their relativecontribution, that each househol d followsto build
up its economy (Fig. 4), 2) a Wedth Index (Fig. 4), which
pulls together the range of physical and financial capital and
assigns relative order-of-magnitude values based on current
market values to each measure, and 3) a Resilience Index,
which adds in weighted social, human and natura capital
measuresto thefinancial and physical capitals (SeeFig. 4 and
Fig. 5). For each index, values are standardized by assessing
each household’ s value as a proportion of the total summed
valuesfor the community. Thethree measureswereidentified
for assessment because wealth and diversity of livelihoods
have been shown to influence adaptive capacity and resilience
(Chambers and Conway 1992, Ellis 2000, Perz 2005, Morton
2007, Vincent 2007, Pacheco 2009), in the same way that the
theoretical concepts of diversity and relative abundance and
redundancy strengthen complex adaptive systems (Holland

Fig. 4. Schematic diagram showing the analytical approach
used to assess the relationship between connectivity and
different measures of resilience.
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1995, Levin 1999) through offering opportunity for
reorganization and renewal (Folke et al. 2003). It is noted that
other indices of well-being exist, such asthe UNDP' sHuman
Development Index (Sagar and Najam 1998) and the proposed
National Well-being Index (Vemuri and Costanza 2006) as
well as aLivelihood Vulnerability Index (Hahn et al. 2009).
However, the former tend to capture community or national
level patterns by drawing on aggregations of household
information, whereas the latter, while also evaluating at
household level and drawing on the sustainable livelihoods
approach, does not build into the resilience and connectivity
framework, and also includes socia networks, which could
lead to circular dependenciesin analyses against connectivity.
Therefore, we believethat thethreeindicesused hereare more
suitable for evaluating system resilience, because they speak
directly to the key complex adaptive system concepts of
diversity and adaptive capacity (Twyman 2001, Perz 2005,
Vincent 2007, Pacheco 2009).

Torepresent connectivity, wefocusontwokey social network
metrics: degree centrality and betweenness, as described
above and showninFig. 2. We used UCINET softwarefor the
social network analysisin this research (Borgatti et al. 2002).
UCINET was developed by socia network analysis scholars,
and has become the most utilized software package for such
analyses. All interviewed households in Habu were asked to
name three other households with whom they exchanged
information, labor, food, or money in times of stress. A link
between two households means that at least one of the
households listed the other as a household with whom they
exchanged information, labor, food or money. To maintain
confidentiality, household nameswereremoved, and replaced
with a code number ranging from 1001 to 1145. SPSS v19
was used to assess variation in the different indices of
resilience and to evaluate the correlations between
connectivity and the resilience indices (Fig. 4). Because the
connectivity and resilience data areindex values and not from
aprobability distribution, non-parametric tests were run.

RESULTS

Variation in Key Indicators of Household Capitals

There is considerable variation in the distribution of the
different typesof capital acrosstheHabu community. Looking
first at financial capital, less than half (43.8%) of households
had one or more members in full-time employment. Nearly
all of these jobs were outside of Habu village, meaning the
person did not permanently reside in the household dwelling.
There are arange of small business activities that households
engage in acrossthe year, typically on an ad hoc basis. These
are related to housing construction and maintenance, and the
production of tools and household products. On average,
households earn some money from two different smal
businesses, but 25% of households have no such source of
income. The main activity that people received money from
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Fig. 5. List and weighting of indicators used to calculate the
household resilience index, based on Vincent’ s Household
Adaptive Capacity Index (2007).
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was through the sale of livestock and livestock products
(40.7% of households).

Turningtophysical capital, thedistribution of cattleownership
is extremely skewed. 27% of households had fewer than six
cattle, the minimum number needed for plowing, whereas
14.5% of households had >100 head each. Thisissimilar for
smallstock, which are sheep and goats combined. 50% of
households had <20 smallstock, whereas only 7.6% of
households had >100. Note that this is partly explained by
ethnic differences. The Herero are traditionally pastoralists,
and have a mean herd size of 59 cattle (n = 63), while the
Tswana speakers, predominantly mixed farmers, have on
average 22 cattle (n = 63). With regard to crop land, similar
cultural factorsalso comeinto play. Aspastoralists, theHerero
either do not engage in crop production, or tend to do so only
on a limited basis. Although the overall mean field size in
Habu is 3.5 ha, for Tswana households it is 4.3 ha, and for
Herero householdsonly 2.5 ha. Theimportance of most of the
household assets lieslessin their financial value and morein
their use as tools that contribute to livelihood strategies or
health. Again, distribution is strongly skewed, with 10% of
households owning 40% of the cumulative assets in the
community.

Natural capital is particularly important in communities as
remoteasHabu. Without el ectricity, most peoplecook onfires,
with 95.9% of householdsregularly collecting firewood. 81%
of households collect wild food plants, and 12.4% report
hunting small game and birds. Most households regularly
collect five of eight different types of natural resources
identified in the community. These are: thatching grass for
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roofing, reeds for walls, palm leaves for baskets, tree stems
for poles, firewood, medicinal plants, food plants, fish, and
small game and birds. About 28% of households get some
money from selling natural resources.

In terms of human capital, the number of adults in the
household represents labor availability. The average
household comprisesfour adultsat 18 yearsand over, and four
children. The mean dependency ratio, that is, the number of
children divided by number of adults, is 1.21; however, the
dependency ratio for female-headed households at 1.51 is
significantly higher (F = 3.991, p=0.021) than it isfor male-
headed households, at 0.97. Formal education is a relatively
recent phenomenon in Habu village. In 1977, a group of
community members began a self-help primary school under
atree, with thefirst classroom built in 1980. Hence thereisa
strong negative correl ation between the age of household head
and highest level of education attained by the head (Kendall’s
tau-b = -0.611, p<0.000). The mean level of education for
household heads is some years of primary schooling.
However, younger members of households usually have some
secondary schooling, so even “older” households have access
to people with formal education. For Habu, the mean for the
highest education in the household is completion of junior
secondary school, that is, nine years of school.

Social capital interacts strongly with access to other forms of
capital. Habu comprises people of a mix of ethnic origins,
although 52.4% identify themselves as Batswana, speaking
Tswanaat home—thisincludes households of Y &l origin now
assimilated into Tswanaculture. A further 44.1% are Herero,
with only acouple of purely Y e or Hambukushu households.
Thereisasignificant correlation (Pearson Chi-sguare 85.504,
p <0.000) between ethnicity and general household location:
93% of Tswana households are found within the village core,
whereas 76.6 % of Herero households are located outside at
cattle posts. This correlation is associated with the Herero
focuson livestock asamain livelihood activity. Just over half
(52.4 %) of househol dsin Habu are mal e-headed with the head
present, 6.9 % are male-headed with the head absent for more
than six months of the year, and 40.7% are female-headed,
whether single or widowed. Members of female-headed
householdswere aslikely to attend “kgotla,” or formal village
meetings as those of male-headed households. However,
Herero households attend such meetings significantly less
frequently than Tswana households (F = 2.899, p = 0.091).
Although this might be explained to some degree by the fact
that more Herero families live outside the village core,
location, that is, whether in or out of the village, did not
correlate with a significant difference in frequency of
attending “kgotla,” meetings (F = 1.838, p = 0.163),
reinforcing the commonly held view that Herero people are
politically marginalized. Habu, as with most rural Botswana
communities, has several community organizations (e.g.,
village development committee, village health committee,
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parent-teacher association, farmers committee). 64% of
households are involved in at least one of the eight
organizations identified in the community. However, only
10% are involved in three or more such organizations.
Churchesplay animportant rolein people’ ssocid lives. Some
85.5% of households have at least one member attending
church, athough 11 different church groups were identified.

Variation in Resilience According to Key Socioeconomic
Characteristics

The distributions of the three different indices of household
resilience differ in structure (Fig. 6), reflecting the different
characteristics of resilience that they represent. The
Livelihood Diversity Index suggests that most households
typically pursue multiple strategies (Fig. 6a). Although there
are no significant differences between ethnic groups or
househol ds headed by men or women, households with older
heads have higher livelihood diversity. This may simply be
because houses with older heads tend to be multigenerational
and, therefore, larger with greater labor availability (Table 1).
Most commonly, households will engagein crop production,
cattle rearing, smallstock rearing, collection of natura
resources, and one or two small businesses.

Fig. 6. Distribution of the different indices of resilience
across Habu households, showing a) Livelihood Diversity,
b) Wealth Index, and ¢) Resilience Index.
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Wealth isextremely skewed (Fig. 6b), and the community has
aGINI coefficient of 0.72. Wealth is strongly associated with
three key social characteristics: gender of household head,
ethnicity, and highest education in the household (Table 1),
as well as with age of head and household size. With the
exception of age of household head, these characteristics are
al incorporated in the Resilience Index and, therefore,
associations with them were not analyzed.

Habu Household Exchange Networks

Our initial analysis demonstrated that almost all households
exchange information with the veterinary officer, the crop
officer, and the loca nurse. Because we are more interested
intheinformal exchanges between households, as opposed to
those with ingtitutionalized positions, we removed these three
nodes from all further analysis. As expected, a number of
households living outside of Habu form part of the exchange
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Table 1. Measures of association between key sociocultural characteristicsand theLivelihood Diversity Index and Wealth Index.

Gender of household Ethnicity Highest education in Age of household head Household size
head household
Gender of household 'P=7501 *F=0.000 F=0051 F=0.366
head p=0.024 p=0.991 p=0.822 p=0546
Ethnicity F =0.629 F=0.079 F=6.724
p=0.429 p=0.779 p=0.011
df = 1,138
Highest education in K =-0.042 K =0.255
household p=0511 p < 0.000
Age of household head K =0.285
p < 0.000
Livelihood Diversity F=0.634 F=1.945 K =0.036 K=0.122 K=0.283
p=0.427 p =0.165 p=0.581 p=0.038 p < 0.000
Wealth Index F =12.048 F =25.751 K =0.218 K =0.201 K =0.347
p =0.001 p < 0.000 p < 0.000 p < 0.000 p < 0.000
df =1;142 df =12;138
Resilience Index K=0.144
p=0.011

Notes: Tests were not run for the Resilience Index against those characteristics that contribute to it. Relationships significant at below the 0.1 level are

bold.
P = Pearson Chi-square test value

*F = ANOVA test value, with first df value bei ng numerator and second being denominator

8K = Kendall’s tau-b test value

networks of Habu residents. These external households are
numbered 1146 and higher in our analysis of the information,
labor, food, and money-exchange networks.

Fig. 7 shows the more central households, that is, with
betweenness >300, in the exchange of information in times of
shock. The households that are colored are those that house
either the chief (1006), the traditional healer (1128) or
someone who holds a leadership position in a community
organization, such as in the village development committee.
Beyond the two households with the highest betweenness
values, both housing two key community leaders, leadership
does not appear to play asignificant rolein providing network
connectivity.

The labor network (Fig. 8) is the most dense of al four
exchange networks, followed by food, money, and
information networks. We expected that larger households,
meaning those with more adults, would have a more active
labor network and, therefore, be more central to labor
exchange in the community. Thisis clearly not the case. We
divided the number of adults per household into four groups
(-2, 3-6, 7-9, 10 or more) and ranked them accordingly,
depicted in gray-scale, with black nodes being the households

with 10 or more adults. Household 1047 isthe only household
with 10 or more adults that is relatively well connected.
Households with 1-2 adults (light gray) play an unexpectedly
central role in the exchange of labor. This may in part be a
reflection of the 2-way nature of the exchange; these may be
househol dsthat arefrequently exchanging labor inwards. This
network al soinvolveshousehol dsfrom outsidethecommunity
(shown in white), but none of these are highly central to the
network.

Fig. 9 illustrates that male-headed households (circles) are
more central to the money-exchange network than female-
headed ones (triangles), and aso how weadth (blue) is
dominated by these mal e-headed households. Defactofemal e-
headed households are those where aman’s nameis given as
the household head, but in fact a woman acts as the head as
the man is absent most of the time. De jure female-headed
households are those where the woman is legally the head.
Clearly, gender plays a key role in both wealth and the
exchange of money.

The money-exchange network is less dense (0.022) than the
labor and food networks, but still significantly more dense
than the information-exchange network. Eight households
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Fig. 7. Information exchange network showing more centralized households (indicated by size of square) and community

leaders (colored nodes).
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have degree centrality values of 10 or higher whichison apar
with all except the labor-exchange network which had twice
as many key players. Interestingly, household 1021 ranked
first in degree centrality for both money and food-exchange
networks. This is a multigenerational household with seven
adults and five children. The household head is an 83-yr old
male who speaks Setswana, but who does not currently serve
in aleadership position in the community. None of the most
centralized households resides outside of the community,
suggesting that external sources of money do not serve as
primary sources of loans.

Relationship Between Social Network Centrality and
Sociocultural Characteristics

Weinvestigated therel ationshi p between thekey sociocultural
characteristics presented earlier and the centrality measures
obtained from the social network analysis using analysis of
variance (ANOVA) and Kendall’s tau-b. The results are
summarized in Table 2.
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The gender of the household head is highly correlated with
both degree and betweenness centrality measures, with
femal e-headed househol dsscoring much lower thantheir male
counterparts. As expected, the age of the household head and
household size was also positively correlated with network
centrality since both of these are likely to lead to more
connectionsthrough simply being larger. Surprisingly, except
intwo cases, ethnicity and education did not proveto behighly
correlated with network centrality. This can be partially
explained by thefact that older community membershaveless
education, but because of their seniority are more likely to
head their household.

Connectivity and Resiliencein Habu

Throughout, the measures of network connectivity are
strongly correlated to the three different indicators of
resilience Notably, the headman of the village has both high
connectivity and high resilience. However, other community
memberswho arehighly connected, such astheward headmen
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Fig. 8. Labor Exchange Network where larger nodes have higher betweenness values and grayscale reflects number of adults

in household (darker nodes have more).
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Note: All isolates and pendants (no more than one connection) have been removed.

and village development committee members, are not
necessarily among the top 20 resilient households. Two
examples of highly connected households are presented in
Text Box 1, and two of households with limited connectivity
are presented in Text Box 2.

Box 1. Strongly connected households

Households 1037 and 1128 have some of the highest overall network
values across al four exchange sectors. Here, we profile their
socioeconomic characteristics.

Household 1037 comprises an extended family from the dominant
Setswana-speaking ethnic group, livinginthevillage core. Itismale-
headed, and the 63-yr old head is one of five ward headmen in the
village. The household is medium-sized, with four adults and three
children. The highest educationin the househol disapost-high school
technical college qualification. With only four adults in the
household, it is important to note that three of them hold jobs. This
isperhapswhy the household isnot engaged in any small businesses.
The homestead's buildings are primarily built of mud bricks, with
corrugated iron roofs. There is a private water connection to the

household. The household owns adonkey cart, awater pump, aTV,
DVD player, radio, and cellphone. It hasarange of agricultural tools,
aswell as both ashotgun and arifle. They have 3 ha of crop land, of
which they planted two in 2010, harvesting 150 kg of maize.
Household members own 104 head of cattle, 40 goats, 15 sheep, 15
donkeys, and six horses. They regularly collect eight different types
of natural resources. Household members attend village kgotla
meetings on average 5 times a month, and are involved in three
different community institutions. Based on the different forms of
livelihood capitals, the household ranks 14™ in the community in
terms of the Wealth Index and 9" in terms of the Resilience Index.

Household 1128isfrom the Thimbukushu ethnic group and isheaded
by a traditional healer. There are 6 adults and one child in this 3-
generational household. Although the two oldest members have no
formal education, two of the younger adults have completed senior
high school, and athird has completed junior high school. No-onein
the household has formal employment, but the household is engaged
in four different small businesses, notably brick laying and the sale
of collected natural resources. They own adonkey cart, awater pump,
a satellite TV, a DVD player and a radio, a stove, a cell-phone,
agricultural tools, and both a shotgun and arifle. Buildings in the
homestead are built primarily with cinderblocks and roofed with
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Fig. 9. Money exchange network showing betweenness centrality”, Wealth Index*, and gender of household head?.
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SCircles are male-headed, squares are de facto female-headed, and triangles are de jure femal e-headed.

corrugated iron. The household has a private water connection. They
have6 haof cropland, andregularly sell surplusasasourceof income.
Together, members of the household own 80 head of cattle, about
200 goats and 45 sheep, and sell meat and milk. They also have 23
donkeys. They collect five different types of natura resources.
Household membersattend “ kgotla” meetings only infrequently, but
one person isamember of the village health committee, and another
isamember of the farmers’ committee. The household ranks 20" in
terms of the Wealth Index, and 19" in terms of the Resilience Index.

Information is the least tangible of exchanges and, although
itissignificantly correlated with the measures of resilience, it
is not as strongly correlated as the other exchange networks.
When considering the ways in which household level
information exchanges relate to other information-related
forms of socia capital, there are again significant
relationships, suggesting that the social network figures do

indeed capture how connected households are within their
community (Table 3). The fact that other types of exchanges,
asindicated by the average values for all exchange types, are
correlated with attendance at “kgotla’ mestings, but not
information exchanges, isdifficult to understand. However, it
could be because most people, even those who do not share
adviceandinformation at thehouseholdlevel, usethe* kgotla”
as aformal source of information. Our data shows that a few
householdsdid not attend any “kgotla’ meetings, but the most
active household went to 150 of these meetings per year and
on average households attended “kgotla’ meetings 30 times
per year.

Connectivity and other forms of social capital that contribute
to resilience are generally enhanced through attending
community “kgotla” meetings, church, and actively
participating in other organizations such as the village
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Table 2. Measures of association between key sociocultural characteristics and the social network metrics of degree centrality

(DC) and betweenness (B) for different exchange types.

Gender of household Ethnicity Highest education in Age of household head Household size
head household

DC-Information 'F =10.178, F =0.958, K =0.107, K =0.052, K =0.087,
p=0.002 p=0.329 p=0.104 p=0.382 p=0.152
df =1;132

DC—Labor F =12.446, F =0.430, K =0.092, K =0.114, K =0.242,
p=0.001 p=0513 p=0.155 p=0.054 p < 0.000
df =1;132

DC—Food F =8.816, F =0.087, K =0.052, K =0.119, K =0.243,
p=0.004 p=0.769 p=0.420 p=0.043 p < 0.000
df =1;132

DC-Money F =13.601, F =0.188, K =0.055, K =0.060, K =0.179,
p <0.000 p =0.665 p=0.395 p =0.308 p =0.003
df =1;132

DC-Overal F =14.689, F=0.174, K =0.081, K =0.101, K =0.224,
p <0.000 p=0.677 p=0.203 p=0.079 p < 0.000
df =1;132

B-Information F =7.539, F =0.705, K =0.087, K =0.097, K =0.189,
p=0.007 p=0.403 p=0.193 p=0.107 p =0.002
df =1;132

B-Labor F =12.223, F = 0.156, K =0.128, K=0.117, K =0.201,
p=0.001 p=0.694 p=0.042 p=0.042 p =0.001
df =1;132

B—Food F = 4.866, F =0.267, K =0.050, K =0.176, K=0.177,
p=0.029 p=0.607 p=0.433 p =0.002 p = 0.002
df =1;132

B—Money F =14.181, F =0.281, K =0.066, K =0.130, K =0.103,
p <0.000 p=0.597 p=0.303 p =0.026 p =0.082
df =1;132

B—Overall F =15.003, F =0.252, K =0.108, K =0.182, K =0.200,
p <0.000 p=0.616 p =0.085 p =0.001 p = 0.001
df =1;132

Relationships significant at below the 0.1 level are bold.

'F = ANOVA test value, with first df value bei ng numerator and second being denominator

K = Kendall’s tau-b test value

development committee. In Table 3, we show the statistical
relationship between connectivity, as measured by degree
centrality and betweenness, and other indicators of
connectivity, reflecting the extent to which a household
participates in community activities. Since we see these
activities primarily as fora for exchanging information, we
first analyze information networks and then examine average
centrality measures across al four networks (information,
labor, food, and money).

Overall Exchanges: Degree Centrality and Indicator s of
Resilience

Theseresults show how degree centrality for thefour different
exchange networks; that is, information, labor, food and
money, and an overal average for these four networks,
correlates to the three different measures of resilience.
Generally, the associations seem to be strongest for labor
exchange degree centrality (Table 4), suggesting again that

household sizeand labor availability might determineboth the
number of connections and the amount of capita that
househol ds can accumulate and hencetheir adaptive capacity.
Livelihood diversity is most strongly correlated with degree
centrality for food exchanges, perhaps because of the
subsistence nature of household livelihoods.

Box 2. Weakly connected households

Households 1140 and 1121's degree centrality and betweenness
values are consistently among the lowest in the networks. Their
characteristics are given here.

Household 1140issituated at one of the cattle postsoutsidethevillage
core. The household is from the politically minority Herero ethnic
group. It isheaded by a61-yr old widow, and comprises 4 adults and
7 children. Onehousehold member has compl eted seni or high school.
No-one hasformal employment; nor does the household earn money
from any small business activities. The household has adonkey cart,
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Table 3. Nonparametric correlations between information and average degree centrality and betweenness as indicators of connectivity, and

other measures of information-related social capital.

Degree centrality:
information

Betweenness. information

Degree centrality: average
for all four networks

Betweenness: average for al
four networks

K = 0.005, p = 0.929
K =0.145, p = 0.043
K = 0.184, p =0.005

Attendance at kgotla
Attendance at church
Number of institutions
household members involved
in

K = 0.040, p = 0.524
K = 0.144, p = 0.047
K =0.135, p= 0.041

K =0.132, p=0.026
K =0.213, p = 0.002
K =0.174, p = 0.006

K =0.148, p= 0.012
K =0.153, p = 0.026
K =0.202, p = 0.002

Note: Relationships significant at below the 0.1 level are bold. K= Kendall’stau_b

and both a generator and awater pump. They aso own acell phone,
a sewing machine, and some agricultural tools. The buildings are
made of mud bricks and roofed with corrugated iron. Domestic water
is pumped from a borehole. The family does not grow crops and,
therefore, has no fields. The household owns 60 head of cattle, 30
goats, three donkeys and one horse. They regularly collect three
different natural resourcetypes. Someonefrom the household attends
“kgotla’ meetings about once a month, and household members are
members of four community institutions. The household is
reasonably well off, ranking 33™inthecommunity intermsof wealth,
but appearsto have low social and human capital, ranking only 112"
in terms of the Resilience Index.

Household 1121 isalso aHerero family located at a cattlepost outside
the main village. It is male-headed, and young, with three children
aged five and under. The wife has the highest level of education—
she completed junior secondary school. Neither of the couple has a
job, although they do engage in smithing, thatching and the sale of
livestock products from time to time. They have no means of
transport, other than horses and donkeys, and own no mechanical
equipment beyond a cell phone and a sewing machine. They have
only basic agricultural tools for hoeing. The house is made of mud
brick wallswith athatch roof. Thefamily drawswater from theriver.
They have a small field for crops, but did not plant in 2010. They
own 15 cows, 10 goats, and 17 sheep, as well as eight donkeys and
four horses. They regularly harvest five different types of natural
resources. They attend “kgotla’ meetings about three times amonth,
but are not active in any other community organizations. The
household ranks 82™ in terms of wealth, and 100" in terms of the
Resilience Index.

Overall Exchanges: Betweenness and I ndicator s of
Resilience

As with overal degree centrality, overall betweenness is
reported here as exchanges in terms of the four different
exchange networks: information, labor, food, and money, and
as an average of the four networks. Representing more of a
“bridging” capacity, betweenness could be interpreted as an
indication of how broadly ahousehold spreads its exchanges,
implying alsogreater structural complexity totherel ationships
than merely the direct connections of each household.

Therefore, we expect higher values in the relationships of
betweenness—as compared to degree centrality—with the
different measures of resilience. For the most part, a
comparison of thevaluesin Table 4 and Table 5 confirm this
to be the case. Again, “livelihood diversity” is most strongly
associated with food exchanges. Yet, whereas the Wealth
Index is still correlated with labor exchanges, the Resilience
Index has the strongest relationship with the average of all
four types of network exchanges (Table 5).

Betweenness may be a better indicator of network centrality
because it takes into account both direct and indirect
connections to a household. Households with high
betweenness values are important conduits for many other
households that are not directly connected to them and,
therefore, betweenness may be a better measure of overall
connectivity within the community than degree centrality. At
the household level, overall betweenness (all exchange types
combined) has a slightly higher association with the wealth
and resilience indices than does overall degree centrality
(Tabled4and Table5). Whereashigh degreecentrality supports
household resilience by ensuring multiple options (diversity)
for exchanges, high betweenness enhances the range of
spheres to which a household can extend its exchanges
(structural complexity). Both aspects appear to be important.

CONCLUSION

From the outside, the community of Habu generally appears
fairly poor, and highly dependent onthenatural resourcesbase,
both through subsistence agriculture and through direct
offtake of wild plants and animals. Natural resources, that is,
intheform of firewood, al so providethemain source of energy
within households, providing a further indication of this
dependency and the integrated social—ecological system that
is Habu. However, there is considerable variation in natural
capital, and thus in the ways that people interact with the
environment around them. Indeed, this variation can be seen
in the distribution of all forms of capital. Importantly, the
levels of the different forms of capital co-vary, so that
househol ds with greater social and human capital tend also to
have greater physical and financial capital, for example. The
overall picture of total capital for the different households
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Table 4. Nonparametric correlations between degree centrality as an indicator of connectivity and the three different indicators

of resilience.

Degree centrality:

information labor food money overal
Livelihood Diversity 'K =0.128 K =0.267 K =0.284 K =0.198 K =0.251
p=0.035 p < 0.000 p < 0.000 p=0.001 p < 0.000
Wealth Index K =0.198 K =0.292 K=0.271 K =0.253 K =0.289
p =0.001 p < 0.000 p < 0.000 p < 0.000 p < 0.000
Resilience Index K =0.208 K= 0.376 K =0.355 K =0.275 K =0.348
p < 0.000 p < 0.000 p < 0.000 p < 0.000 p < 0.000

Notes: All relationships are significant at below the 0.05 level. The highest relationship for each indicator of resilienceisitalicized.

'K = Kendall'stau_b

presents a picture of variation in the adaptive capacity, or
resilience, of thecommunity’ shouseholds (Vincent 2007) that
is implicit in the findings for communities in other parts of
southern Africa (Twyman 2001, Cassidy 2003, Shackleton
and Shackleton 2006, Kgathi et al. 2007, Sallu et al. 2009,
Sdlu et al. 2010, Kgathi and Motsholapheko 2011). In turn,
this variation is associated with a variation in connectivity.
Householdswith greater resilienceare more connected (Adger
2003). Material formsof capital, for example, the physical and
financial capitals which comprise the Wealth Index, are
strongly associated with position in the social network.
Clearly, as suggested by the stronger associations with the
Resilience Index, the less tangible socioeconomic
characteristics captured by human, social, and natural capital
enhance this relationship. Thisis further shown in the strong
associations that position in social networks has with other
forms of social capital.

The analysis at the household level is useful: key families,
whose members play important roles in the community, are
captured as having both high network centrality and high
resilience (Lhotka et a. 2008). Because the household is the
unit of consumption and production, it stands to reason that
individual swho are part of the household occupying a central
role such as that of ward headman, will benefit from the
connectionsheor shemay individually bring tothe household.
This is not to suggest that all members of the household are
equally resilient. For example, gender may influence the
ability to engage in certain livelihood strategies. In Habu at
least, the gender of the household head is critical, affecting
the resilience of not just the individual, but the entire
household.

Our social network data show that, aside from the central role
played by the chief and the traditional healer, the current
leadership is not key to information exchange. The labor-
exchange network is the most active network with a broader
group of key players than any of the other networks. Our
expectation that households with more adults would be more
central to the network did not prove to be valid. The money-
exchange network showed that mal e-headed householdswere

not only most central to the network, but they also held more
wealth, as measured by the Wealth Index. Although we have
not shown any figures representing the food-exchange
network, femal e-headed households were much more central
there than in the money-exchange network, but with a few
exceptions, weal thier householdswereevenmorecentral. This
is aso surprising, as we expected poorer households to be
much more active in the food-exchange network. Finaly, the
food-exchange network did not have any isolates, which
means that all households played somerole in this network.

Degree centrality and betweenness provide different types of
linkages within the community system, but each is strongly
associated with household resilience. It is likely that both
aspects would enhance household resilience, through their
different functions of providing redundancy and expanding
theinteractionsinto different subsets of the community. What
isimportant isthat households with low resilience because of
limited capital are further vulnerable because they have weak
connectivity to other households with whom they could
exchange goods and services in times of shock (Busby et al.
2010). Such marginal households should be targeted for
additional support intimesof stresssuch asdrought, outbreaks
of livestock disease, or human health issues such as malaria
andHIV/AIDS. By focusing onweakly connected househol ds,
such asisolates, development agencies could better ensurethe
survivability of al the community’s constituents (Food,
Agriculture and Natural Resources Policy Analysis Network
2006). By the same token, households with high betweenness
scores, particularly in terms of information exchanges, could
be used as conduits for disseminating disaster awareness and
other information relating to external stressors that a
community may be facing.

Does the connectivity of these exchanges confer added
resilience, or does greater resilience allow households to be
more connected? Determining that strong relationships do
indeed exist between these two characteristics in rural SESs
isan important first step. Thisknowledge helps us understand
the nature of the relationship between the redundancy implicit
in high levels of degree centrality and betweenness, and the
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Table 5. Nonparametric correlations between “ betweenness’ as an indicator of connectivity and the three different indicators

of resilience.
Betweennes:
information labor food money overal

Livelihood Diversity 'K =0.130 K =0.202 K = 0.260 K =0.213 K=0.251

p=0.034 p=0.001 p < 0.000 p < 0.000 p < 0.000
Wealth Index K =0.270 K =0.309 K=0.254 K=0.231 K=0321

p < 0.000 p <0.000 p < 0.000 p < 0.000 p < 0.000
Resilience Index K=0234 K =0.351 K=0.344 K =0.280 K=0.364

p <0.000 p <0.000 p <0.000 p <0.000 p < 0.000

Notes: All relationships are significant at below the 0.05 level. The highest relationship for each indicator of resilienceisitalicized.

'K = Kendall'stau_b

amounts and range of capital that contribute to household
resilience. Exploring social networks as a measure of system
connectivity has allowed usto uncover the importance of the
more intangible types of capital, such as the gender of the
household head, in contributing to a household’s adaptive
capacity. That poorer, female-headed households are more
vulnerable is well known. However, understanding that they
areadditionally ontheedgesof acommunity’ ssocial networks
has implications for development interventions, which may
need to focus on how to strengthen the exchange ties of
vulnerable households to enhance their sustainability in the
face of both internal and external stresses and shocks. This
study provides a useful baseline against which future
assessments can measure the change in these social networks
and ascertain whether households with greater current
adaptive capacity wereableto persist, compared to households
with both weak connectivity and resilience. In future work,
we will investigate the extent to which spatial location and
kinship play arolein shaping these exchange networks.

Responsesto this article can be read online at:
http://www.ecol ogyandsoci ety.org/i ssues/responses.

php/4963
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