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Abstract
This paper examines how oil palm migrant farmers in Papua New Guinea are responding to shortages of land for food gardening.
Despite rapid population growth and planting nearly all of their land to oil palm, virtually all families continue to grow sufficient
food for their families. The paper outlines the diverse range of adaptive strategies that households have employed to maintain
food security, involving both intensification and innovation in farming systems. While gains from intensification have been
significant and built resilience, they have been incremental, whereas innovation has been transformative and led to large gains in
resilience. The adoption of more flexible land access arrangements on state leasehold land that ‘revive’ and adapt indigenous
systems of land sharing and exchange that operated through kinship networks on customary land are innovative; they have
increased the supply of land for food gardening thereby reducing risk for individual households and the broader smallholder
community. The paper highlights the value of understanding farmer-driven innovations and the role of indigenous institutions
and cultural values in sustaining and enhancing household food security.
Keywords Food security . Adaptive capacity . Vulnerability and resilience . Farmer-driven innovation . Agricultural
intensification . Oil palm smallholders . Land tenure . Papua New Guinea

Introduction
A central challenge to the long-term sustainability of smallholder farming systems in many South Pacific island nations,
and much of the developing world, is how to maintain household food and income security in the face of multiple pressures. Population growth, land and market pressures, changed
land use (e.g. export cash cropping and urbanisation), shifting
consumption patterns and climate change and other environmental stressors are placing growing pressures on agricultural
and livelihood systems (Umezaki et al. 2000; Bourke et al.
2006; Reenberg et al. 2008; Smith et al. 2010; Anderson et al.
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2013; Lebot and Siméoni 2015; Taylor et al. 2016). In this
paper we investigate the ways smallholder households in
Papua New Guinea (PNG) are responding and adapting to
the pressures on their food gardening systems in the context
of land shortages and limited opportunity for land-use change.
Most rural households in PNG continue to rely on swidden
agriculture to meet their food production needs. They also
earn some cash income from export cash crops and local marketing of food crops (Allen 2001; Bourke 2001a; Lowe 2006;
Curry et al. 2007; Bourke and Allen 2009). Food production
also provides an important safety net and is a buffer against the
risks and volatility of fluctuating prices for commodity crops
(Curry et al. 2015). Whilst households have, over a very long
time, developed a range of agricultural practices, livelihoods
and socio-cultural strategies to maintain their food production
systems (Waddell 1972; Ballard 2001; Bourke 2001b;
Brookfield 2001a; Minnegal and Dwyer 2001; Sillitoe 2010;
Bayliss-Smith and Hviding 2014), few studies in the South
Pacific have examined adaptation strategies and the adoption
of new farming innovations in response to more recent and
rapid environmental, social and economic change. This paper
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addresses this gap by exploring the social and cultural dimensions of adaptation processes and particularly the role that
social innovation can play in overcoming the diminishing
returns to agricultural intensification.
The focus of this paper is the smallholder oil palm land
settlement schemes (LSS) of West New Britain Province
(WNBP), PNG (Fig. 1). Although oil palm smallholders are
strongly engaged in the market economy, food production
remains a key strategy for maintaining household food and
income security. For women, local marketing of garden foods
is the most important income source after oil palm, and food
gardens provide the bulk of food consumed. However, rising
population and land pressures are reducing the land available
for the cultivation of food gardens. Yet, despite rising population pressure and severe constraints on land acquisition, virtually all smallholders continue to grow sufficient food for their
families, regularly sell surplus garden foods at local markets
and consume nutritionally rich foods. Thus, the key research
question addressed in this paper is: how have smallholders
been able to maintain an adequate level of food production
for their cash and subsistence needs while the area of land onblock for food gardening has declined significantly? The
study builds on the wider body of work in other parts of the
developing world that demonstrates the diverse adaptive strategies employed by farmers to reduce food insecurity and
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highlights the ways smallholders utilise and grow social capital to enhance household resilience.
We begin by setting the context of the study by describing
our study site and methods, the changing access to gardening
land and the role of food gardening in household food and
income security. Then we examine the diverse adaptive strategies households have developed and the ways they have
modified their food production systems to respond to population, land and income pressures to maintain food security. The
main foci are the farming and social innovations that have
been adopted to expand the functional supply of land and
which have altered the way land is accessed for food production. The discussion focuses on how land pressures have stimulated new farming innovations such as intercropping of oil
palm with food crops and new social innovations that have led
to more flexible land access arrangements in what has been
hitherto a rigid land tenure system under leasehold title.
Together, intercropping and flexible land access arrangements
have expanded the supply of land for food gardening.
We argue that the capacity of the farming system to sustain
food security lies not so much in the incremental adaptive
changes smallholders have made to their farming systems to
intensify production, although these are important, but in the
more transformative social innovations that they have
adopted. These innovations have circumvented institutional

Fig. 1 Map of PNG showing the Hoskins and Bialla study sites on the island of New Britain
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regulations governing land and challenged the notion of the
individual farmer producing on his own land. This circumvention has involved the adoption of reciprocal land access arrangements that draw on traditional mechanisms of accessing
customary land. The effect is reduced vulnerability to food
insecurity for the individual farm household by expanding
the supply of garden land and introducing flexibility into a
rigid land tenure system and redistributing risk through the
broader smallholder community. Thus social innovation has
led to the diffusion of risk both spatially and socially from the
individual farm household to the broader community, thereby
enhancing both individual and community resilience. The final section of the paper outlines the implications of these
findings and explains how they add new perspectives on adaptation and agricultural change.

Food Security, Adaptation and Social
Networks
There is now much research which provides insights into how
farmers in the developing world are adapting their agricultural
and livelihood systems to reduce vulnerability to food and
income security (e.g. Gladwin et al. 2001; Bogale 2012;
Pereira and Ruysenaar 2012). Despite rising population and
land pressures, ecological challenges and predictions of disasters and environmental degradation, many smallholder and
pastoral households have successfully modified their agricultural and livelihood systems to cope with these pressures (e.g.,
Netting 1993; Goldman 1995; Brookfield 1996; Mortimore
and Adams 2001; Mortimore 2003; Reenberg et al. 2008;
Sillitoe 2010; Walker and Salt 2006; Curry et al. 2015).
These studies reveal how farming/pastoralist households have
been able to address extreme pressures to avoid major economic or environmental collapse. Households have employed
an array of skills and strategies to reduce risks in the farming
system. Strategies have included adopting new and novel
ways of using and accessing land and labour, migration, modifying or using new technologies, livelihood diversification
and introducing new innovations into the farming system
(Wiegers et al. 1999; Shriar 2001). The skills and resources
available to these households are important determinants of
successful adaptation and agricultural change.
Many of the above studies provide important insights into
household decision-making and recognise the agency of
households and the role that farmers’ management and
organisational skills play in shaping how households adapt
to micro- and macro-scale change in the environment. An
under-explored area in these valuable research contributions
is how social relationships and indigenous social institutions
and economic practices enhance the capacity of households
and communities to access resources to alleviate stress in their
agricultural systems. Brookfield (1984, 2001a, b) was
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amongst the first to broaden the concept of farmers’ skills
beyond technical skills to include organisational and management skills, or the social dimensions of agricultural change.
He argued that organisational and management skills were
largely neglected and overridden by an emphasis on technical
skills in the broader literature on agricultural change and in
livelihood diversification studies. He wrote that Bthe working
capital of a farm also includes its human labour force, greatly
varying according to household size and structure and relationships with other households [our emphasis]^ (2001b:
183).
Brookfield (2001b: 184) further maintained that Bthe organisation of land and labour through time emerges as of central
importance in a good deal of modern work on agricultural
change^. How farmers organise their labour, land and resources, and how adaptable and willing they are to initiate
new or modified ways of managing and organising these inputs in response to new conditions are primary elements in
successful agricultural change. For example, the law of
diminishing returns means that without innovation the gains
to a farming system from continual intensification become
progressively smaller. While intensification entails increasing
inputs to raise productivity, innovation involves new ways of
combining the factors of production to Bcreate qualitatively
new elements in the farming system^ (Brookfield 2001b:
181; see also Perz 2003; Crane 2010). This can entail new
ways of using and managing land and labour to improve the
‘resilience’ of agricultural systems. Importantly, for our argument, it may also involve changes in the social relations of
production and innovations in land tenure arrangements.
There has been a growing trend to investigate the social
embeddedness of farmer behaviour in recognition of the need
to see adaptation as a social process (e.g. Mtika 2000; Pretty
et al. 2011; Beyene 2010a, b; Crane 2010; Nielsen and
Reenberg 2010; Crane et al. 2011; Wolf 2011; Baird and
Gray 2014; Bayliss-Smith and Hviding 2014; Fabinyi et al.
2014; Goulden et al. 2013; Fazey et al. 2016; Feola et al.
2015; Natcher 2015; Cutter 2016; Lauer 2016). These studies
demonstrate that adaptation in farming households is a dynamic social process requiring analysis of biophysical environments in the context of the social ‘embeddedness’ of
farmers’ decision-making processes (Feola et al. 2015: 76;
see also Crane et al. 2011; Wolf 2011; Beyene 2010a; Curry
and Koczberski 2012).
Despite these key insights, understanding the ways farm
households invest in social relationships to reduce risk and
uncertainty remains underexplored. There are, however,
studies that recognise the role of kinship, friendships, and
neighbourliness as important determinants of household and
community adaptive capacity and the ability of households to
withstand shocks to, and stressors on, farming systems. For
example, Alary et al. (2016) found in their work among
Egyptian herders that by utilising and expanding social
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networks, farmers were able to act collectively to preserve,
manage and restore their rangeland resources that had been
degraded during a 15-year drought. These tight social networks extended as far as Libya, the Nile delta and the
Middle East and were critical for ensuring continued flexibility and adaptability of their agro-pastoral activities.
Other studies have examined the role of clan/communitybased institutions in facilitating inter-household and inter-clan
reciprocal resource and labour sharing arrangements as a means
of managing and diffusing risk to maintain resilience in the
farming system (e.g. Osbahr et al. 2008; Beyene 2010a, b;
Downey 2010). Whilst the reciprocity and trust underpinning
these relationships are not always assured (see Goulden et al.
2013), nor always lead to mutually beneficial outcomes (Curry
2005), Beyene (2010a: 555), amongst others, noted that Bthe
formation of ‘coalitions’ at the community level harmonizes
ecological and behavioral uncertainties of pastoral herders…^.
Confronted by a scarcity of grazing resources, reciprocal altruism emerged amongst herders which favoured cooperative behaviour in a ‘tit-for-tat’ strategy of resource sharing (Beyene
2010a: 556). Similarly, in a case study from Mozambique,
Osbahr et al. (2008: 1956) showed that the most significant
way to cope with environmental stresses was to reciprocate
through informal institutions such as gift exchange, which improved access to resources such as labour, land and livestock.
This paper contributes to this discussion by exploring how innovations in social institutions amongst oil palm smallholders in
PNG have dramatically reduced livelihood vulnerability by
expanding the supply of gardening land. First, we begin with a
brief description of our study sites and methods.

Study Sites
The LSSs at Bialla and Hoskins on the north coast of WNB
were first established in 1968 by the Australian colonial administration. This massive agricultural project was an attempt
to develop a national agricultural export industry and integrate
subsistence farmers into the cash economy by moving them
from a dependence on subsistence production to a reliance on
export cash crop income. Over 35,000 ha of customary land
were acquired by the administration and converted to state
agricultural leasehold land for the development of plantation
estates and smallholder LSSs. Settler families were recruited
voluntarily to the LSSs, mainly from densely populated regions of mainland PNG (Hulme 1984; Curry and
Koczberski 1999). Each family was allocated a land holding
of 6–6.5 ha on a 99-year state agricultural lease, with a lease
condition that 3.24 ha (later increased to 4 ha) be planted to oil
palm within two years of settlement. The remaining land
(termed wasblok by settlers – literally watch block as in land
to watch/look after/serve us in times of future need) was
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reserved for food gardens (Benjamin 1977; Hulme 1984;
Landell Mills Ltd. 1991).
Since 1975 the average population per LSS block at Hoskins
has almost tripled from 7.24 persons per block to a mean of 20
persons per LSS block in 2015 (Ploeg 1972). Today, LSS blocks
at Bialla and Hoskins have a mean of 3.75 households per block
spanning three generations as the offspring of original settlers
marry and raise their own families on their parents’ leasehold
block. Now several households rely on the resources and oil
palm income earned from the block.
Land use has also changed on the LSS blocks over time.
From the early 1990s, households began extending their oil
palm plantings into the 2.07 ha ‘reserve’ (wasblok) for food
gardens (Koczberski et al. 2012). After planting a third, 2 ha
phase of oil palm the wasblok was reduced to 0.07 ha.
Smallholders explain this expansion of oil palm by the increased demand for cash arising from the rapidly growing
population on their blocks. They also cited poor food garden
yields in the 2.07 ha wasblok and the relatively high oil palm
prices since 2005 as other reasons for planting an additional
2 ha of oil palm (Koczberski et al. 2012). By about 2007, over
90% of LSS blocks at Hoskins had planted 6 ha of oil palm
(Dewhurst 2007; Koczberski et al. 2012); today, the figure is
almost 100% of blocks. Thus, the area of gardening land has
contracted from 2.07 ha in 1975 with 4 ha of oil palm
(Benjamin 1977) to a mean of 0.07 ha per block with 6 ha
of oil palm (Koczberski et al. 2012). With 6 ha of oil palm
there is insufficient land on-block to meet the food gardening
needs of residents (see below).
Despite less land available for food gardening on the LSS
block and a strong engagement with the market economy, the
cultivation of garden foods remains a central livelihood activity
for both men and women (Table 1). For women in particular,
cultivation of food crops remains a core daily activity, and they
allocate more time to food gardening than to oil palm production. For many women, sales of garden produce provide a significant income, and they rely heavily on their own food gardens
to feed their families (Table 1). When oil palm prices are low,
smallholders increase their reliance on garden foods as purchases of store foods decline (Koczberski et al. 2012).

Methods
This paper draws on fieldwork conducted over several periods
between 2001 and 2015 associated with several research projects including Dr. Veronica Bue’s PhD thesis with fieldwork
undertaken from July to October 2010 and in January 2013.
Mixed methods and multidisciplinary approaches were
adopted which integrated both primary qualitative and quantitative data, participant observation data and secondary
sources of information. Secondary data included the ‘grey’
literature of industry reports and research carried out on
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Importance of food gardens to household livelihoods at Hoskins (2014)
Gardening and household livelihoods

Garden cultivation

90% of households maintain food gardens
80% of households with food gardens claim that their gardens meet most of the food needs of their families

Garden and oil palm labour 60% of women rank working in food gardens as their main livelihood activity
82% of men rank oil palm production as their main livelihood activity
Income source

56% of women rank income from garden sales as their second most important income source
20% of women ranked the sale of garden foods as their main income source

Dietary food intake

24 h dietary recall: 80% of all meals consumed contained some meal ingredients sourced from smallholders’ own gardens

smallholder food gardening practices since the establishment
of the LSSs.
Our focus was at the household level, with primary data
collected directly from smallholder families residing on the
LSS blocks. Most of the quantitative data presented in this
paper are from fieldwork in 2014 and 2015, which included
an initial baseline questionnaire survey with 90 and 91 households at Bialla and Hoskins, respectively. The survey covered
household demographics, livelihood activities, household assets, income sources, access to garden land, the number of
gardens per household and food sources other than garden
foods. The 181 households surveyed at Bialla and Hoskins
were cultivating 473 gardens in total. For each food garden,
information was recorded on: garden location, main crops,
period of cultivation, land tenure and ownership status, purpose of garden production, theft of garden foods, pests and
diseases, soil management practices and any recent changes in
gardening practices. A subsample of 40 households was selected and 93 gardens were visited, surveyed and mapped.
Informal interviews were conducted with family members,
either immediately following the surveys or soon afterwards.
These informal interviews explored how family members
were responding and adapting to land shortages in terms of
changing garden practices, accessing additional land, modifying food consumption patterns and livelihoods with a view to
identifying the factors determining their capacity to maintain
food security.

Maintaining Food Security in the Context
of Land Scarcity
This section describes the main adaptive strategies smallholders have pursued to maintain food security. In investigating how smallholders have responded and adapted to the reduced area of land for food gardening, we are mindful that
household decision-making and farming practices are made
within an externally imposed rigid institutional environment
where smallholders reside on a fixed area of land governed by
lease regulations that specify the cash crop to be cultivated.
Beyond the leasehold block, opportunities for long-term

employment or permanent migration are limited for most
smallholders whose educational levels are low and ties with
their original homelands have weakened through time (Ryan
et al. 2017; Koczberski et al. 2009). Some second generation
settlers have moved away from the family leasehold block and
acquired nearby customary land which has relieved some resource and income pressures on the LSS block. However,
resettlement and establishment of livelihoods on another’s
customary land in PNG is not without risk because the legitimacy of their tenure rights can be (and often is) challenged by
members of the landowning group (Curry and Koczberski
2009; Koczberski et al. 2009; Koczberski et al. 2012). The
pursuit of this high risk strategy of land acquisition by second
generation settlers is indicative of the land pressures they face.
Thus, on state leasehold blocks, the range of responses and
potential livelihood options for smallholders to pursue are
severely limited.
Smallholders have responded to shortages of garden land
through intensifying land use, intercropping immature oil
palm with food crops and accessing land beyond their own
leasehold block through utilising and expanding social networks and adopting new ways of managing land tenure and
gardening rights. We discuss each of these below.

Intensification
Consistent with Boserup’s (1965) model of population pressure and agricultural change, the intensification of food crop
production was among the primary strategies smallholders
adopted to ensure their agricultural system met household
food and income needs. In 1975, the 2.07 ha wasblok together
with a much smaller population, meant that demand for garden land was much lower and this was reflected in a relatively
long fallow period of 6–9 years in the wasblok (Table 2). With
2 ha of the wasblok now planted to oil palm and increased
demand for gardening land from a growing population, there
was little scope for fallowing (Table 2). With a sharply reduced fallow period (or no fallow), smallholders have had to
intensify food production in other ways to sustain food output
and/or to seek land off-block for food gardening (Koczberski
et al. 2012; Bue 2013).
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Aspects of intensification of food gardens at Hoskins LSS since 1975

Intensification of food gardens at Hoskins LSS
Characteristics

1975

2010–2015

Fallow period
Intercropping of immature oil palm with food crops

6–9 years
Non-existent
1. Sweet potato (Ipomoea batatas)

Short rotations and permanent cultivation
Introduced mid-1990s; 45% of food gardens are
in oil palm replant sections
1. Banana (Musa cvs)

2. Chinese Taro (Xanthosoma sagittifolium)
3. Taro (Colocasia esculenta)

2. Chinese Taro
3. Sweet potato

Use of inorganic fertilisers and pesticides

4. Yams (Dioscorea esculenta & D. alata)
Non-existent

4. Cassava (Manihot esculenta)
Used increasingly by smallholders

Legumes

No data

Peanuts incorporated into crop rotations

Main staple food crops

Benjamin (1977) surveyed 40 gardens at Kapore, Tamba, Sarakolok, Buvussi, Galai, Kauvui and Kaugara subdivisions in Hoskins. Bue (2013) surveyed
118 gardens at Kapore subdivision, Hoskins. Additional data are from 230 garden surveys at Kapore, Tamba, Sarakolok and Buvussi subdivisions,
Hoskins in 2015

Intensification strategies have also involved the application
of inorganic fertilisers and pesticides, rotation with leguminous crops and the cultivation of quick maturing staple crops
and crops that can withstand conditions of low soil fertility
and pest attack. Thus crops requiring high soil fertility such as
traditional taro (Colocasia esculenta) and yams (Dioscorea
alata and D. esculenta) were being cultivated less often than
in the past. Table 2 summarises some of these key changes in
gardening practices on the Hoskins LSS since 1975. Such
intensification strategies were not observed when the 2.07 ha
wasblok was available for food gardening and population densities were much lower (Benjamin 1977). By responding to
land pressures through intensification, smallholders were able
to sustain food production at levels to meet household needs.
Expanding the Supply of Land
Following the intensification of land use, which was still proceeding to an extent through increasing fertiliser use and ongoing crop substitution, there has been growing emphasis
amongst smallholders on expanding the supply of land. Four
main strategies were being pursued to access land for food
gardening: 1) utilising previously unused land on their blocks
for food gardening (around house sites, along edge rows of
palms where there was more light reaching the ground, in
gullies and on steep slopes); 2) appropriating and incorporating small areas of land bordering their block, usually at the
rear of the block; 3) utilising oil palm replant areas on their
own and other people’s blocks; and 4) seeking temporary
access to gardening land off-block which was either under
customary ownership or governed by state leases (e.g. milling
company land and state forestry areas).
Smallholders’ definition of wasblok has expanded beyond
the 0.07 ha of land remaining after the third, 2 ha phase of oil
palm was planted. Wasblok now includes gullies (often along

creeks) and steep sections on the block unsuitable for oil palm,
as well as land bordering the rear of the block which has been
‘appropriated’ as part of the leaseholder’s own block (this
appropriated wasblok land is technically not part of the original block and is shown separately in Fig. 2).1
Despite most smallholders planting 6 ha of oil palm,
around 50% of gardens2 were on the leasehold blocks on
which garden plot owners resided. At Bialla, where replanting
of oil palm was in progress, 75% of the total area of smallholders’ food gardens were on-block compared with 33% at
Hoskins where replanting had been delayed (Fig. 2). Small
food gardens were common adjacent to houses, and on several
blocks, smallholders had omitted an edge row of palms during
oil palm replanting to make more land available for food gardens on a long-term basis (Koczberski et al. 2012). Thus, as
land pressures grew and limits to intensification emerged,
strategies to bring additional land into production on-block
and bordering the block (the latter having an ownership claim
by the leaseholder) were pursued.
Smallholders were also cultivating food gardens illegally
on nearby state land and several had made informal arrangements with neighbouring customary landowners for temporary access to gardening land. There is some evidence that
smallholders were using state land surrounding the LSS for
gardening as early as the mid-1980s (Benjamin and Wapi
1982), although our interviews in 2015 indicate that the area
cleared for gardening on surrounding state land has expanded

1
Gullies and steep sections of the blocks were deemed unusable and therefore
not counted as part of the original allocation of 6.07 ha, so this on-block land is
additional to the 6.07 ha.
2
In the 181 household survey, smallholders were asked questions about their
gardens but they were not mapped. It is highly likely that a portion of their
gardens classified as ‘wasblok’ were on land bordering their blocks and thus
off-block.
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Fig. 2 Area of garden land per
block in each land tenure category
on the LSS. *Includes land next to
houses, along edge rows of palms
and land unsuitable for oil palm
Area (hectares)

ON BLOCK

OFF-BLOCK

0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00
Own
block*

Own
replant

Original Wasblock
0.07 ha oﬀ-block
wasblock

Buﬀer
zone

Land category

over the past 10–15 years after smallholders planted a third,
2 ha phase of oil palm.
Intercropping of Oil Palm
A key innovation associated with expanding the area of land for
gardening and intensifying food production has been the adoption of intercropping of immature oil palm with food crops. On
the Bialla and Hoskins LSSs, 53% and 45% of all household
gardens respectively were located in replant sections, either on
smallholders’ own blocks or in the replant sections of blocks
belonging to other smallholders. In the subsample survey
where individual garden plots were assessed, the proportions
of total gardening area in oil palm replant areas at Bialla and
Hoskins LSSs were 55% and 31% respectively. At the time of
the subsample survey in July–September, 2015, replanting of
oil palm at Bialla was being promoted by the company and
extension agency, whilst at Hoskins the replanting programme
had been suspended for logistical reasons. To compensate for
the loss of income from removal of 2 ha of oil palm, Bialla
growers were cultivating 0.42 ha of food gardens per household
compared with 0.24 ha at Hoskins.
Intercropping of oil palm is a relatively new innovation
which smallholders have adopted since they started replanting
their senile palms in the 1990s and extending oil palm plantings into the 2.07 ha wasblok previously reserved for food
gardens. Once a 2 ha oil palm stand has reached its productive
life span of 22–25 years, it is killed and left standing to decompose (Plate 1). Typically, food gardening commences as
soon as the old palm fronds collapse around the trunk of the
palm and light reaches the ground; young oil palm seedlings
are planted soon afterwards. Gardens are cultivated for three
to four cropping cycles for two to three years, sometimes with
a very short fallow between planting rounds, until the oil palm
canopy closes. Most smallholders practise rotational
replanting of 2 ha stands of oil palm every 23–25 years. If

Other
Other
State &
block, incl. replant customary
new
block
land
planng
Bialla
Hoskins

rotational replanting is practised on a 6 ha block, 2 ha are
available for food gardening for six to nine years of every
24-year cultivation round.3
Smallholders and extension officers recalled that very few
smallholders intercropped the replant section on their own leasehold blocks when the first round of oil palm replanting began in
the early 1990s. This was because most smallholders still had the
2.07 ha ‘reserve land’ (wasblok) for food gardening at the rear of
their blocks. Presently, the replant section provides the only substantial area for food gardening on a smallholder block.4
Typically, mixed cropping of gardens is practised in oil
palm replant sections, with some mono-cropping of high value crops such as peanuts during the first cultivation round.
Planting several varieties of a single crop species is also widespread, with varieties often selected based on maturation period (to extend the cropping period), yields and taste. The first
crops planted in the replant section are quick maturing crops,
usually intended for sale at local markets to compensate for
the decline in oil palm income when 2 ha of senile palms are
killed for replanting. Common crops are green leafy vegetables, cucumbers, peanuts, beans, Chinese cabbage, tomato
and some quick maturing sweet potato. Sometimes taro and
yams are planted as a first crop because of their requirements
for a highly fertile soil. The second and third rotations are
planted largely to short-term staple crops including sweet potato, banana, taro, cassava, peanut, aibika (Abelmoschus
manihot) and corn. As the oil palm canopy begins to close,
shade tolerant crops such as banana, sugarcane and cassava
are left in the garden to mature and be harvested; after 2–
3 years they are shaded out with the closure of the oil palm
canopy.
3
The 2 Ha stand (240 palms) is the standard replanting unit for smallholders as
set by the industry.
4
In nearby villages where land shortages were beginning to emerge on customary land, intercropping of immature oil palm with food crops had commenced in the past five years.

Author's personal copy
808

Plate 1 Replanted oil palm intercropped with food crops

How smallholders utilise replant sections on oil palm blocks
shares some similarities to the way a forest fallow is managed in
swidden cultivation (Mertz 2015 noted that smallholders in
Sarawak perceived their oil palm to be a kind of ‘productive
fallow’). Like a traditional forest fallow where an area of land is
cleared for cultivation for several crop cycles and then allowed
to revert to fallow, oil palm smallholders cultivate up to four
food crop cycles in cleared and newly planted oil palm before
the oil palm canopy closes. Although a natural successional
forest fallowing system is absent on smallholder blocks, a modified fallowing process has evolved with oil palm representing
the fallow vegetation. Land is kept in an oil palm ‘fallow’ for
22–25 years while the palms are in production. However, unlike
a forest fallow, soil fertility in oil palm is maintained with annual
additions of inorganic fertiliser.
Like a newly cultivated garden in a swidden system cut
from a secondary forest fallow, labour inputs are high in the
initial stages of clearance, firing of dry vegetation and establishment of crops. Initially, the gardens are cultivated intensively and as the oil palm canopy closes, the diversity and
planting density of food crops declines. Labour inputs also
gradually fall with the emergence of an oil palm ‘fallow’
and labour is limited to the harvesting of residual crops. As
shade levels continue to rise, food cultivation is gradually
abandoned and gardeners will move on to a new oil palm
replant plot, if available.
Like swidden gardening, growers take advantage of variations in soil and light conditions within the oil palm replant
section. Patches of ash where vegetation has been heaped and
burned are planted to crops like beans, aibika and yams
(D. esculenta). The remnant frond rows where pruned palm
fronds from the previous stand were stacked between every
second row of palms and where fertiliser was applied, are
particularly important as they are rich in nutrients and organic
matter, and have soft friable soils. They are the premium sites
for planting crops such as taro, aibika and yams (Plate 1). The
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least preferred planting sites, initially, are the old wheelbarrow
tracks along which harvested fruit was carted to the roadside
collection point. Although the soil has been compacted, it can
be Bloosened^ by planting sweet potato and peanuts along
these tracks. The roots of these crops and the tilling of soil
to form mounds for sweet potato seedlings are thought to
make the soil more friable.
Smallholders utilise their garden plots in replant sections
very efficiently. Moreover the common use of peanuts in rotations and mixed cropping of different crop species helps
maintain soil fertility. The presence of residual traces of
fertiliser applied during the previous years of oil palm production, together with the decomposed matter of old palm trunks
and frond rows, add nutrients to the soil as does the fertiliser
applied to oil palm seedlings. This provides a conducive environment for plant growth and allows smallholders to cultivate food crops intensively and continuously until closure of
the oil palm canopy.

Expanding Social Networks and Land Access
As land available for food gardening has contracted on the
LSSs, smallholders have become more dependent on off-block
access to gardening land belonging to other people (see above).
As the 2 ha replant sections have assumed more importance for
household food security, leaseholders began allocating plots of
gardening land within their own replant section to residents of
other blocks. At the time of fieldwork in 2014, 33% and 21% of
Bialla and Hoskins households, respectively, had someone else
gardening on their block (20–1 Table 1).
With the need to acquire access to gardening land off-block,
social and kinship networks were increasingly being utilised to
secure land for food production, both in the short-term and over
the long-term. Most often, smallholders drew on their relatives,
friends, neighbours, church members and those from their own
language/ethnic group (wantoks) to access gardening land
where oil palm replanting was occurring (Fig. 3). The land of
close relatives is most commonly accessed for gardening, particularly the replant areas of brothers-in-law, brothers or parents.
Intermarriage across ethnic groups amongst second and third
generation settlers has meant that the pool of people that can
be drawn upon for gardening land has expanded markedly since
initial settlement.
Table 3 reveals the importance of off-block replant areas
for food gardening at Bialla in 2016. On 2 ha replant sections,
83% of garden plots belonged to off-block residents whilst
64% of garden plots on 1 ha replants belonged to off-block
residents. 5 Generally, both husband and wife were in
5
These non-standard replant areas (1 ha instead of the standard 2 ha replant)
are part of an ongoing trial by the authors and Hargy Oil Palms to improve
food security by increasing the period that land is available on-block for food
gardening.
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Fig. 3 Relationships of gardeners
to the leaseholder where their
gardens were located at Bialla and
Hoskins in 2014 (n = 60 Bialla;
n = 57 Hoskins). *From the same
language group/region
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agreement with the allocation of land to non-resident gardeners and both were aware of the short- and long-term advantages of exchanging land access rights through their social
and kinship networks. Some non-resident gardeners had either
previously permitted the leaseholder’s family to cultivate gardens on their land when a replant section was available for
gardening (existing exchange relationship), or had accepted
an invitation to garden in the replant section (thereby forming
a new reciprocal exchange relationship). Both groups were
drawing on principles of traditional reciprocal exchange relationships for access to land and were conscious of the obligation to reciprocate access to land in the future.
Allocating gardening land through social and kinship networks to non-resident households has enabled smallholders to
secure and enlarge the pool of land available for food gardening both in the short- and long-term (Fig. 4). With rotational
replanting of oil palm, reciprocal access to oil palm replant
sections for food gardening has smoothed the temporal availability of gardening land. Assuming that four blocks share
access to each other’s oil palm replant areas and stagger
replanting, 0.5 ha of gardening land would be available for
each participating block in replant sections on an annual basis.
This temporal redistribution of replant land as a result of sharing provides the equivalent cumulative total of an additional
9 ha of land over an oil palm cultivation cycle of 24 years.
Leaseholders rarely imposed restrictions on the types of
food crops planted by others gardening in their replant sections. However, several leaseholders restricted the cultivation
of crops believed to be nutrient hungry (e.g. cassava), and
occasionally they did not permit the cultivation of crops primarily for sale. Generating profits from production on the land
Table 3

of others usually entails a different set of economic relationships between landowner ‘host’ and ‘guest’ gardener that often involve cash payments to, or a share of the income with,
the leaseholder owning the land (for a discussion of these
types of relationships, see Curry and Koczberski 2013;
Curry et al. forthcoming).
Temporary access rights to another person’s block or to
customary land for food gardening is typically validated
through compliance with implicit contracts (obligations)
grounded in indigenous exchange practices. The two most
common arrangements were the provision of labour (shortterm benefit) to the leaseholder and reciprocal access to land
(long-term benefit) (Fig. 5). Approximately 65% of leaseholders stated they had reciprocal gardening arrangements
with those gardening on their land.
Regarding the gifting of labour, smallholders explained
that when gardens are made on another’s leasehold replant
section, it is expected that ‘guest’ gardeners will maintain
the area free of weeds before and after oil palm seedlings are
planted. This assists with block management and promotes
healthy growth of oil palm seedlings. Given that household
labour shortages are a major constraint on smallholder oil
palm production (Koczberski and Curry 2004; Curry and
Koczberski 2013), these ‘gifts’ of labour in return for land
access, are of great value to the leaseholder. Households also
reported that a common goodwill gesture is to present harvested food from the replant section to the host. Occasionally,
gardeners will give cash to the leaseholder’s family to assist
them meet their customary obligations thus strengthening social bonds and reinforcing long-term obligations for reciprocal
access to land for gardening.

Proportions of garden plots on 1 and 2 ha replant sections at Bialla in 2016 (Wilelo subdivision)

Total replant area (Ha)

Median number of
garden plots in replant section

Median number of plots
managed by off-block residents

Per cent of garden plots
belonging to off-block residents

1 (n = 4)
2 (n = 3)

7
12

4.5
10

64
83
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Land available per block in replant area for
gardening
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Fig. 4 Land available per block in oil palm replant areas under different
scenarios of reciprocal access

The long-term benefits of reciprocal land sharing are significant. Such reciprocal rights provide certainty about longterm access to gardening land when one’s own block has 6 ha
of mature oil palm (block has 6 ha of mature oil palm for 15–
18 of 24 years or 62–75% of the time). Reciprocal access
rights to oil palm replant areas help alleviate vulnerability to
future food insecurity through: i) improving access to land; ii)
introducing flexibility into the rigid leasehold system of land
tenure; and, iii) lowering risk and uncertainty.

Discussion
Reducing Risk and Increasing Flexibility
To contend with the diminishing supply of land for food gardens, smallholders have formed relationships across blocks to
ameliorate food security risks. They have adopted
intercropping of oil palm and begun to cultivate and utilise
social and kinship networks that draw on principles of traditional reciprocity and exchange. These relationships are moving beyond kinship and have a strong spatial dimension in that
‘neighbourhoods’ on the LSS cooperate in these networks
which are also grounded in friendships and shared ethnicity

100
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30
20
10
0
Reciprocal gardening Block maintenance

Other

Fig. 5 Arrangements that gardeners have with the leaseholder of the land
where their gardens are located in 2014 (n = 33 Bialla; n = 21 Hoskins)

or church affiliation, in addition to kinship. Through
intercropping oil palm replant sections with food crops and
adapting traditional village-based social practices and institutions to facilitate inter-block access to leasehold land, households have incorporated new innovations into their farming
system that have improved food security over the short and
long-term.
In PNG, and much of Melanesia, the utilisation of kinshipbased exchange relationships to gain temporary access to land
and other resources is not new. Throughout rural PNG, mechanisms are in place that have enabled individuals and lineages
without birthrights to land to temporarily access the land of
others as required (e.g. Meggitt 1965, 1971; Reay 1971;
Manderville 1979; Curry 1997; Mosko 2005). A common
practice was for temporary ‘loans’ of garden land to be made
to lineages from other subclans, clans and even villages. Such
loans of land were a mark of friendship and co-operation between lineages and larger social groupings, and helped form
political allegiances between groups at various levels
(Crocombe and Hide 1971; Curry 1997). In village settings,
flexible tenure arrangements on communal customary land
have sustained agricultural and rural livelihoods and reduced
household vulnerability during stressful times (e.g. during
droughts, floods and warfare) by ensuring all households
had access to land for their daily sustenance, as well as access
to a range of ecological zones to meet different household
subsistence needs (Crocombe and Hide 1971; Ward and
Kingdon 1995). For instance, Lauer (2012) reported that after
a tsunami in Solomon Islands, land was made available to
non-clan members to enable them to grow food crops.
Until recently, such traditional land access mechanisms
were not practised widely (if at all) on the LSSs, for two main
reasons. First, most smallholders living on the LSS blocks had
sufficient access to land for food gardening on their wasblok,
the original 2.07 ha reserved for food gardening. Second, because households came from diverse ethnic groups and left
their village context and settled on individual State leasehold
blocks, they lacked kinship-based exchange relationships with
their neighbours. However, as land pressures rose and new
social networks developed and expanded, smallholders began
drawing on and adapting indigenous strategies of land access
typically utilised by kinship groups in village settings, to allow
non-kin such as neighbours, friends and church members,
access to land. Thus, spatiality and non-kinship social relations have assumed more importance relative to kinship for
land access.
Importantly, these land access strategies have introduced
flexibility into the rigid institutional lease regulations of the
LSSs. The LSSs were established on the basis of individual
lease titles over fixed areas of land and a set of land tenure
regulations that specified the cash crop to be cultivated (oil
palm) and the area of land reserved for food production
(2.07 ha). Effectively, there was little flexibility in the location
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of food gardens on the leasehold block, and smallholders were
discouraged from intercropping juvenile oil palm with food
crops. Thus, the range of agricultural responses open to smallholders and their capacity to reorganise their livelihoods in
response to growing population and land pressures was limited. This rigid institutional context contrasts greatly with the
flexibility that characterises customary land tenure arrangements in PNG that allow population-land ratios to adjust
through time to the changing demographic fortunes of families
and larger social groupings. However, by creating ‘qualitatively’ new ways of accessing and organising land for food
production through reciprocal exchange of gardening rights,
smallholders have superimposed more flexible land sharing
arrangements on the leasehold title system that have widened
their opportunities to access land and to better adjust peopleresource ratios in response to changing circumstances.
Flexibility in farming and livelihood strategies is
recognised as critically important for enabling households to
better manage risk and reduce the deleterious impacts of
abrupt changes in environmental and economic conditions
(Adams and Mortimore 1997; Folke et al. 2002; Beyene
2010a, b; Crane et al. 2011; Baird and Gray 2014). As demonstrated by studies in Africa where people are exposed to
variable climatic conditions and drought, flexibility in daily
decision-making regarding the use and allocation of the factors of production, especially land and labour, is a critical
element for maintaining livelihood security and the resilience
of farming systems under stress (Adams and Mortimore 1997;
Mortimore 2003; Hoffman 2004; Beyene 2010a). In contrast,
rigid management systems constrain options and limit the capacity of households to modify how key resources such as
land and labour are organised and managed to meet changing
conditions. Thus, as Lauer (2016: 35) noted BRigid management institutions that may be fine-tuned to specific ecological
or social dynamics can quickly become obsolete when ecological or social circumstances change^. As shown in the case
of the LSSs, the rigid leasehold regulations and land boundaries imposed nearly five decades ago are now unable to maintain household food security in the contemporary socioeconomic context of rising population pressure. By adopting
intercropping of oil palm and developing new and flexible
land access arrangements, smallholders have dramatically increased the availability of land for food gardening thereby
enabling them to better cope with growing resource
limitations.
Moreover, the adoption of reciprocal exchange of gardening rights has permitted risk sharing, both spatially and socially. The collective and cooperative action of reciprocity enables
Buncertainty sharing^ (Brookfield 2001b: 45) whereby households help each other and deal collectively to diffuse risk and
uncertainty amongst the broader group which enhances the
viability and resilience of the overall farming system as well
as for individual farm households. While such relationships
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that enable risk sharing are a form of Breciprocal altruism^
(Beyene 2010a: 556) because reciprocation is delayed and
relies on trust, they are, nevertheless, underpinned by implicit
contracts grounded in indigenous moral rules that give them
their legitimacy. Failure to meet the moral obligations of implicit contracts underpinning land access such as ring weeding
of oil palm seedlings in a ‘guest’ gardener’s food garden
(short-term obligation) or granting someone access to gardening land in the future (long-term obligation) erode the validity
of implicit contracts thereby increasing vulnerability and
undermining food security (see also Feola et al. 2015).
However, farmers are careful to avoid such contingencies
and like farmers elsewhere (e.g. Osbahr et al. 2008; Baird
and Gray 2014) they will invest in social relationships that
lead to the pooling of risk and ultimately enhanced security
through improved resource access (see also Beyene 2010a;
Mtika 2000; Pretty et al. 2011; Goulden et al. 2013; Natcher
2015; Alary et al. 2016). Thus, practices that lead to uncertainty sharing serve to expand a household’s access to resources and livelihood opportunities, thereby enhancing the
adaptive capacity and resilience of the household and other
participating households.

Conclusions
Introducing Innovation
This case study reveals the importance of innovation in farming systems based on indigenous institutions and cultural
values to sustain food production and enhance food security.
This is an example of endogenous innovation whereby traditional land tenure principles governing customary land have
been modified and adapted to a modern farming system of
industrial production of oil palm with individual tenure
governed by state leasehold titles. Oil palm farmers have
found new ways to manage and mobilise land through
expanding social networks that depend less on kinship and
which have led to new land access arrangements that have
dramatically increased the supply of land for food gardening.
Traditional arrangements which applied to customary land
tenure in rural villages in PNG, especially during stressful
times, have been transferred by smallholders to leasehold land
as a way of responding to rising land and population pressures. These innovations have also had the effect of reducing
uncertainty in the farming system by establishing long-term
reciprocal access rights to land. These socially embedded
adaptive strategies are symbolically modelled on traditional
land access practices and are critical for enabling smallholders
to circumvent the resource limitations on the LSSs; they have
allowed them to innovate in ways that go well beyond simply
intensifying food production.
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While smallholders have successfully pursued a range of
conventional strategies to maintain food security, mainly
through agricultural intensification, such strategies are
incremental and ultimately limited as the gains from further
intensification begin to diminish. As Brookfield (2001b)
emphasised, a farming system solely undergoing continual
intensification will remain vulnerable without innovation to
advance the farming system. As our case study of smallholder
oil palm farmers residing on LSSs in PNG has demonstrated,
innovation has led to a transformative leap in the farming
system by dramatically increasing the supply of land for food
gardening thereby strengthening the overall resilience of the
farming system.
Funding This study was funded by the Australian Centre for
International Agricultural Research (grant number ASEM/2012/072).

Compliance with Ethical Standards
Conflict of Interest The authors declare that they have no conflict of
interest.

References
Adams, W. M., and Mortimore, M. J. (1997). Agricultural intensification
and flexibility in the Nigerian Sahel. The Geographical Journal
163(2): 150–160.
Alary, V., Messad, S., Daoud, I., Aboul-Naga, A., Osman, M. A., Bonnet, P.,
and Tourrand, J.-F. (2016). Social network and vulnerability: A clear
link in Bedouin society (Egypt). Human Ecology 44(1): 81–90.
Allen, B. J. (2001). Dimensions of PNG Village agriculture. In Bourke, R.
M., Allen, M. G., and Salisbury, J. G. (eds.), Food Security for
Papua New Guinea: Proceedings of the PNG Food and Nutrition
2000 Conference. ACIAR proceedings vol 99, pp. 529–553.
Anderson, A. B., Thilsted, S. H. and Schwarz, A. M. (2013). Food and
nutrition security in Solomon Islands. Working Paper: AAS-2013-06.
Baird, T. D., and Gray, C. L. (2014). Livelihood diversification and
shifting social networks of exchange: A social network transition?
World Development 60: 14–30.
Ballard, C. (2001). Wetland drainage and agricultural transformations in
the southern highlands of Papua New Guinea. Asia Pacific
Viewpoint 42(2–3): 287–304.
Bayliss-Smith, T., and Hviding, E. (2014). Landesque capital as an alternative
to food storage in Melanesia: Irrigated Taro terraces in new Georgia,
Solomon Islands. Environmental Archaeology 20(4): 425–436.
Benjamin, C. (1977). A survey of food gardens in the Hoskins oil palm
scheme. Papua New Guinea Agricultural Journal 28(2–4): 57–71.
Benjamin, C. and Wapi, I. (1982) Subsistence Gardening on the Hoskins Oil
Palm Scheme. In: Bourke, R. M. and Kesavan, V. (eds) Proceedings of
the Second Papua New Guinea Food Crops Conference, Port Moresby,
Department of Primary Industry, pp 168–175.
Beyene, F. (2010a). Interclan cooperation in a risky pastoral ecology:
Some lessons from eastern Ethiopia. Human Ecology 38(4): 555–
565.
Beyene, F. (2010b). Customary tenure and reciprocal grazing arrangements in eastern Ethiopia. Development and Change 41(1): 107–
129.
Bogale, A. (2012). Vulnerability of smallholder rural households to food
insecurity in eastern Ethiopia. Food Security 4(4): 581–591.

Hum Ecol (2018) 46:801–814
Boserup, E. (1965). The conditions of agricultural growth: The economics of agrarian change under population pressure, Aldine, Chicago.
Bourke, R. M. (2001a) An Overview of Food Security in PNG. In:
Bourke, R. M., Allen, M. G. and Salisbury, J. G. (eds) Food
Security for Papua New Guinea. Proceedings of the Papua New
Guinea Food and Nutrition 2000 conference, PNG University of
Technology, Lae. Australian Centre for International Agricultural
Research, Canberra, pp. 5–14.
Bourke, R. M. (2001b). Intensification of agricultural Systems in Papua
new Guinea. Asia Pacific Viewpoint 42(2–3): 219–236.
Bourke, R. M., and Allen, B. J. (2009). Village food production systems.
In Bourke, R. M., and Harwood, T. (eds.), Food and agriculture in
Papua New Guinea, ANU Press, Canberra, pp. 193–269.
Bourke, R. M., McGregor, A., Allen, M. G., Evans, B. R., Mullen, B. F.,
Pollard, A. A., Wairu, M. and Zotalis, S. (2006) Solomon Islands
smallholder agriculture study. Volume 1. AusAid, Canberra.
Brookfield, H. C. (1996). Untying the Chimbu circle: An essay in and on
hindsight. In Levine, H., and Ploeg, A. (eds.), Work in Progess:
Essays in New Guinea highlands ethnography in honour of Paula
Brown Glick, Peter Lang, Frankfurt, pp. 63–84.
Brookfield, H. C. (1984). Intensification revisited. Pacific Viewpoint
25(1): 15–44.
Brookfield, H. C. (2001a). Intensification, and alternative approaches to
agricultural change. Asia Pacific Viewpoint. 42(2/3): 181–192.
Brookfield, H. C. (2001b). Exploring Agrodiversity, Columbia
University Press, New York.
Bue, V. (2013) The role of smallholder farmers in sustaining household
food security at Bialla and Hoskins oil palm land settlement
schemes, Papua New Guinea. PhD. Thesis, Curtin University
Crane, T. A. (2010) Of models and meanings: Cultural resilience in
social-ecological systems. Ecology and Society 15(4): 19. [online]
URL: http://www.ecologyandsociety.org/vol15/iss4/art19/
Crane, T. A., Roncoli, C., and Hoogenboom, G. (2011). Adaptation to
climate change and climate variability: The importance of understanding agriculture as performance. NJAS –Wageningen Journal
of Life Sciences 57: 179–185.
Crocombe, R., and Hide, R. (1971). New Guinea: Unity in diversity. In
Crocombe, R. (ed.), Land tenure in the Pacific, Oxford University
Press, Melbourne, pp. 292–333.
Curry, G. N. (1997). Warfare, social organisation and resource access
amongst the Wosera Abelam of Papua New Guinea. Oceania
67(3): 194–217.
Curry, G. N. (2005). Reluctant subjects or passive resistance? A commentary on J. K. Gibson-Graham’s Bsurplus possibilities:
Postdevelopment and community economies^. Singapore Journal
of Tropical Geography 26(2): 127–131.
Curry, G. N., and Koczberski, G. (1999). The risks and uncertainties of
migration: An exploration of recent trends amongst the Wosera
Abelam of Papua New Guinea. Oceania 70(2): 130–145.
Curry, G. N., and Koczberski, G. (2009). Finding common ground:
Relational concepts of land tenure and economy in the oil palm
frontier of Papua New Guinea. The Geographical Journal 175(2):
98–111.
Curry, G. N., and Koczberski, G. (2012). Relational economies, social
embeddedness and valuing labour in agrarian change: An example
from the developing world. Geographical Research 50(4): 377–392.
Curry, G. N., and Koczberski, G. (2013). Development implications of
the engagement with capitalism: Improving the social returns of
development. In McCormack, F., and Barclay, K. (eds.), Engaging
with capitalism: Cases from Oceania, Emerald, Bingley, pp. 335–
352.
Curry, G. N., Koczberski, G., Omuru, E. and Nailina, R. (2007) Farming
or Foraging? Household Labour and Livelihood Strategies amongst
Smallholder Cocoa Growers in Papua New Guinea. Black Swan
Press, Perth.

Author's personal copy
Hum Ecol (2018) 46:801–814
Curry, G. N., Inu, S. M. and Koczberski, G. (forthcoming) Reorienting
livelihoods and moralities in rural PNG: The case of fresh food
produce. Oceania.
Curry, G. N., Koczberski, G., Lummani, J., Nailina, R., Peter, E.,
McNally, G., and Kuaimba, O. (2015). A bridge too far? The influence of socio-cultural values on the adaptation responses of smallholders to a devastating Pest outbreak in cocoa. Global
Environmental Change 35: 1–11.
Cutter, S. L. (2016). Resilience to what? Resilience for whom? The
Geographical Journal 182(2): 110–113.
Dewhurst, R. (2007) Where’s the Balance? Oil Palm, Subsistence
Production and Gender Relations in Smallholder Households of
Papua New Guinea. Honours Dissertation, University of
Nottingham.
Downey, S. S. (2010). Can properties of labor-exchange networks explain
the resilience of swidden agriculture? Ecology and Society 15(4):
15. [online] URL: http://www.ecologyandsociety.org/vol15/iss4/
art15/
Fabinyi, M., Evans, L., and Foale, S. J. (2014). Social-ecological systems,
social diversity, and power: Insights trom anthropology and political
ecology. Ecology and Society 19(4): 28. https://doi.org/10.5751/ES07029-190428.
Fazey, I., Wise, R. M., Lyon, C., Câmpeanu, C., Moug, P., and Davies, T.
E. (2016). Past and future adaptation pathways. Climate and
Development 8(1): 26–44. https://doi.org/10.1080/17565529.2014.
989192.
Feola, G., Lerner, A. M., Jain, M., Montefrio, M. J. F., and Nicholas, K.
A. (2015). Researching farmer behaviour in climate change adaptation and sustainable agriculture: Lessons learned from five case
studies. Journal of Rural Studies 39: 74–84.
Folke, C., Carpenter, S., Elmquist, T., Gunderson, L., Holling, C. S., and
Walker, B. (2002). Resilience and sustainable development:
Building adaptive capacity in a world of transformations. Ambio
31(5): 437–440.
Gladwin, C. H., Thomson, A. M., Peterson, J. S., and Anderson, A. S.
(2001). Addressing food security in Africa via multiple livelihood
strategies of women farmers. Food Policy 26(2): 177–207.
Goldman, A. (1995). Threats to sustainability in African agriculture:
Searching for appropriate paradigms. Human Ecology 23(3): 291–
334.
Goulden, M. C., Adger, W. N., Allison, E. H., and Conway, D. (2013).
Limits to resilience from livelihood diversification and social
Capital in Lake Social-ecological Systems. Annals of the
Association of American Geographers 103(4): 906–923.
Hoffman, I. (2004). Access to land and water in the Zamfara reserve. A
case study for the Management of Common Property Resources in
pastoral areas of West Africa. Human Ecology 32(1): 77–105.
Hulme, D. (1984). Land settlement schemes and rural development in
Papua New Guinea. Unpublished Ph.D. In Thesis, James Cook
University, Australia.
Koczberski, G., and Curry, G. N. (2004). Divided communities and
contested landscapes: Mobility, development and shifting identities
in migrant destination sites in Papua New Guinea. Asia Pacific
Viewpoint 45(3): 357–373.
Koczberski, G., Curry, G. N., and Bue, V. (2012). Oil palm, food security
and adaptation among smallholder households in Papua New
Guinea. Asia Pacific Viewpoint 53(3): 288–299.
Koczberski, G., Curry, G. N., and Imbun, B. (2009). Property rights for
social inclusion: Migrant strategies for securing land and livelihoods
in Papua New Guinea. Asia Pacific Viewpoint 50(1): 29–42.
Landell Mills Ltd. (1991) Smallholder Oil Palm Productivity Study.
Department of Agriculture and Livestock, Konedobu, Papua New
Guinea.
Lauer, M. (2012). Oral traditions or situated practices? Understanding
how indigenous communities respond to environmental disasters.
Human Organization 71: 176–187.

813
Lauer, M. (2016). Governing uncertainty: Resilience, dwelling, and flexible resource Management in Oceania. Conservation and Society
14(1): 34–47.
Lebot, V., and Siméoni, P. (2015). Community food security: Resilience
and vulnerability in Vanuatu. Human Ecology 43(6): 827–842.
Lowe, M. H. (2006) Smallholder Agrarian Change: the Experience in
Two Tolai Communities. Unpublished Ph.D. Thesis, Australian
National University, Canberra.
Manderville, E. (1979). Agnation, affinity and migration among the
Kamano of the New Guinea highlands. Man 14(1): 105–123.
Meggitt, M. (1965). The lineage system of the Mae-Enga of New Guinea,
Oliver and Boyd, London.
Meggitt, M. (1971). From tribesmen to peasants: The case of the Mae
Enga of New Guinea. In Hiatt, L. R., and Jayawardena, C. (eds.),
Anthropology in Oceania, Angus and Robertson, Sydney, pp. 191–
209.
Mertz, O. (2015) Oil Palm as a Productive Fallow. In: Cairns, M. (ed.)
Shifting cultivation and environmental change: Indigenous people,
Agriculture and Forest Conservation. Routledge, Oxford and New
York, pp 731–741.
Minnegal, M., and Dwyer, P. D. (2001). Intensification, complexity and
evolution: Insights from the Strickland-Bosavi region. Asia Pacific
Viewpoint 42(2/3): 269–286.
Mortimore, M. (2003). Long-term change in African drylands: Can recent
history point towards development pathways? Oxford Development
Studies 31(4): 503–518.
Mortimore, M., and Adams, W. M. (2001). Farmer adaptation, change
and ‘crisis’ in the Sahel. Global Environmental Change 11: 49–57.
Mosko, M. (2005) Customary Land Tenure and Agricultural Success: the
Mekeo Case. In: Fingleton, J. (ed.) Privatising Land in the Pacific. A
defence of Customary Tenures. The Australia Institute, Canberra, pp
16–21.
Mtika, M. M. (2000). Social and cultural relations in economic action:
The embeddedness of food security in rural Malawi amidst the
AIDS epidemic. Environment and Planning A 32(2): 345–360.
Natcher, D. C. (2015). Social capital and the vulnerability of aboriginal
food Systems in Canada. Human Organization 74(3): 230–242.
Netting, R. M. (1993). Smallholders, householders: Farm families and the
ecology of intensive, sustainable agriculture. Stanford University
press. In Stanford.
Nielsen, J. O., and Reenberg, A. (2010). Cultural barriers to climate
change adaptation: A case study from northern Burkina Faso.
Global Environmental Change 20(1): 142–152.
Osbahr, H., Twyman, C., Adger, W. N., and Thomas, D. S. G. (2008).
Effective livelihood adaptation to climate change disturbance: Scale
dimensions of practice in Mozambique. Geoforum 39: 1951–1964.
Perz, S. G. (2003). Social determinants and land use correlates of agricultural technology adoption in a Forest frontier: A case study in the
Brazilian Amazon. Human Ecology 31(1): 133–165.
Pereira, L., and Ruysenaar, S. (2012). Moving from traditional government to new adaptive governance: The changing face of food security responses in South Africa. Food Security 4: 41–58.
Ploeg, A. (1972) Sociological Aspects of Kapore Settlement. In: J. P.
Longayroux, J. P., Fleming, T., Ploeg, A., Shand, R. T.,
Straatmans, W. F. and Jonas, W. (eds) Hoskins Development: the
Role of Oil Palm and Timber. New Guinea Research Bulletin No.
49, Australian National University, Canberra, pp 21–118.
Pretty, J., Toulmin, C., and Williams, S. (2011). Sustainable intensification in African agriculture. International Journal of Agricultural
Sustainability 9(1): 5–24.
Reay, M. (1971) Structural Co-variants of Land Shortage among
Patrilineal Peoples. In: Berndt, R. M. and Lawrence, P. (eds)
Politics in New Guinea. University of Western Australia Press,
Perth.
Reenberg, A., Birch-Thomsen, T., Mertz, O., Fog, B., and Christiansen,
S. (2008). Adaptation of human coping strategies in a Small Island

Author's personal copy
814
society in the SW Pacific — 50 years of change in the coupled
human-environment system on Bellona, Solomon Islands. Human
Ecology 36(6): 807–819.
Ryan, S., Koczberski, G., Curry, G. N., and Germis, E. (2017). Intrahousehold constraints on educational attainment in rural households
in Papua New Guinea. Asia Pacific Viewpoint 58(1): 27–40.
Shriar, A. J. (2001). The dynamics of agricultural intensification and
resource conservation in the buffer zone of the Maya biosphere
reserve, pet. Guatemala. Human Ecology 29(1): 27–48.
Sillitoe, P. (2010) From Land to Mouth. The Agricultural BEconomy^ of
the Wola of the New Guinea Highlands. Yale University Press, New
Haven.
Smith, P., Gregory, P. J., van Vuuren, D., Obersteiner, M., Havlík, P.,
Rounsevell, M., Woods, J., Stehfest, E., and Bellarby, J. (2010).
Competition for land. Phil. Trans. R. Soc. B 365: 2941–2957.
Taylor, M., McGregor, A., Dawson, B. (eds) (2016) Vulnerability of
Pacific Island Agriculture and Forestry to Climate Change. The
Pacific Community (SPC), Noumea.

Hum Ecol (2018) 46:801–814
Umezaki, M., Kuchikura, Y., Yamauchi, T., and Ohtsuka, R. (2000).
Impact of population pressure on food production: An analysis of
land use change and subsistence pattern in the Tari Basin in Papua
New Guinea highlands. Human Ecology 28(3): 359–381.
Ward, R. G., and Kingdon, E. (1995). Land tenure in the Pacific Islands. In
Ward, R. G., and Kingdon, E. (eds.), Land, custom and practice in the
South Pacific, Cambridge University Press, Cambridge, pp. 36–64.
Waddell, E. (1972). Agricultural evolution in the New Guinea highlands.
Pacific Viewpoint 13(1): 18–29.
Walker, B. and Salt, D. (2006) Resilience Practice. Building Capacity to
Absorb Disturbance and Maintain Function. Island Press,
Washington and London.
Wiegers, E. S., Hijmans, R. J., Herve, D., and Fresco, L. O. (1999). Land
use intensification and Disintensification in the upper Cañete Valley.
Peru. Human Ecology 27(2): 319–339.
Wolf, J. (2011). Climate change adaptation as a social process. In Ford, J.
D., and Berrang-Ford, L. (eds.), Climate change adaptation in developed nations: From theory to practice, Springer, pp. 21–32.

