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Abstract
Land use change and hunting are two of the greatest drivers of global biodiversity
loss; addressing these challenges is a key priority for global policymakers. Yet too
often conservationists lack adequate understanding of the human dimensions of
these drivers, resulting in the development of ineffective interventions.
Using the Bengal florican, a ‘Critically Endangered’ bustard species, as a case
study, this research investigates socio-economic drivers of biodiversity loss in the
Tonle Sap floodplain in central Cambodia. Using novel mixed methods approaches,
social research identifies how changes in local people’s livelihood activities are
impacting florican populations in grassland breeding habitat. Findings show that an
increased adoption of Dry-Season Rice cultivation by local communities over the
last ten years has had several significant primary and secondary impacts on
floricans. For example, intensification has led to an expansion of rice cultivation into
the florican breeding season and uninhibited pesticide use. The study quantifies the
prevalence of bird hunting and explores local people’s attitudes towards current
conservation initiatives. Results demonstrate the value of social research for
creating more informed conservation interventions, and stress the need for further
investigation of ‘wildlife friendly farming’ approaches in the developing world.
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1. Introduction
1.1 Problem statement
Two of the greatest threats facing species and ecosystems today are hunting and
land-use change (Rosser & Mainka, 2002; Sala et al., 2000). Each year thousands
of animals are harvested and millions of hectares of habitat are converted in order
to meet human demand for food, fuel and land. Hunting and conversion of
landscapes decreases, degrades and fragment habitats; drives species extinction
and encourages overexploitation (Foley et al., 2005; Pimm et al., 1995). On a
broader scale, land-use change (LUC) undermines ecosystem function, alters
climate regulation, and decreases natural resource provision with significant
implications for human wellbeing (Foley et al., 2005). Future scenarios predict LUC
will have the greatest impact on biodiversity by 2100, as production tries to keep
up with global demands for food and changing consumer trends (Sala et al., 2000).
The need to address these issues has, therefore, received much attention from
global policymakers, with “a reduction of direct pressures on biodiversity” identified
as a key priority under Strategic Goal B of the Aichi Biodiversity Targets (CBD,
2015).

A primary driver of tropical LUC is agricultural expansion and intensification.
Estimates suggest the global expansion of croplands since 1850 has converted
some 6 million km2 of forests/woodlands and 4.7 million km2 of savannas/
grasslands/steppes (Lambin et al., 2001), whilst agricultural intensification has
driven rapid and widespread declines in bird species across Europe (Donald et al.,
2001). Nowhere are the impacts of agriculture on land use change more prominent
than in Southeast Asia, a region with the highest relative rates of forest loss and
degradation in the humid tropics (Sodhi et al., 2004). Expansion of oil palm
accounted for 94% of deforestation in Malaysia between 1990-2005 (Wilcove &
Koh, 2010)
Behind LUC, hunting poses the second greatest threat to biodiversity. The
unsustainable, unregulated, and illegal harvest of fauna, for food, trophies and use
in traditional medicine, affects a third of all threatened mammalian and avian fauna
1

(IUCN, 2015). Scales of hunting vary, and range from sophisticated criminal
syndicates poaching for ivory, to remote rural communities hunting wild meat for
subsistence (Rosser & Mainka, 2002). Southeast Asia is considered a hub of wildlife
trade with an estimated 23,500 tons of wild meat sold a year in Sarawak, Malaysia
and countries such as Singapore producing 29.7% of global lizard skin exports in
2000 (Sodhi et al., 2004).

Understanding the drivers of biodiversity loss is a key priority for global
policymakers. Whilst the development of sophisticated monitoring and modeling
techniques has enabled enhanced assessment of LUC and hunting off takes, often
these assessments fail to provide sufficient understanding of the proximate and
underlying drivers of human behavior (Lambin et al., 2001). Biodiversity loss is
often associated with rapid population growth and affected by a range of complex
interactions between various cultural, political, economic and demographic factors,
often across multiple spatial and temporal scales (Lambin et al., 2003). Too often
understanding of the human dimensions of these drivers is lacking, resulting in the
development of ineffective conservation interventions (Lambin et al., 2003).
1.2 A Cambodian case study
One example of a tropical country undergoing rapid social, economic and land-use
change is Cambodia. Between 1994 and 2010 the national economy grew by 7.8%
and poverty reduced by 21.3% (CDRI, 2012). The country’s economic structure has
shifted from an almost purely agrarian economy to a combination of agriculture,
industry and services (CDRI, 2012). Such rapid growth has fuelled the utilization
and conversion of natural resources, with primary rainforest cover declining from
70% in 1970 to just 3.1% in 2014 (Butler, 2014), largely driven by agriculture through
Economic Land Concessions (ELCs); leases granted to private companies for the
long-term development of state land. ELCs now cover 2 million hectares; some 24%
of Cambodian land, and are heavily associated with forced dispossession of land
and land grabbing (Milne & Mahanty, 2015). Alongside LUC, hunting has had
significant effects on biodiversity in Cambodia, with species such as the Siamese
crocodile (Crocodylus siamensis) driven to near extinction (Bezuijen et al., 2012).
Such patterns of hunting and habitat loss, coupled with marginalization of rural
communities are extremely concerning. Situated in the Indo-Burma biodiversity
2

hotspot, Cambodia has over 3,748 species of fauna and flora (Daltry, 2008) and its
forests support a number of highly endangered species, including iconic species
such as the Asian elephant (Elephas maximus) and Yellow-cheeked crested gibbon
(Nomascus gabriellae) (WWF, 2015).

A specific example of a species globally threatened as a result of hunting and rapid
LUC within Cambodia is the Bengal florican (Houbaropsis bengalensis), hereafter
referred to as the florican, a ‘Critically Endangered’ bustard species (BirdLife
International, 2013). Over the last ten years Cambodia’s population of florican has
been subject to extensive study, with its population, ecology and breeding habitat
closely monitored. Studies have documented 44-64.4% population declines and
46% losses in grassland habitat (Packman et al., 2014); initially hunting drove
declines, but today loss is largely attributed to changing land-use practices within
the Tonle Sap floodplain (Gray et al., 2009). Estimates predict that if current trends
continue, the species could be extinct in Cambodia by 2020 (Packman et al.,
2014).
Despite an in-depth knowledge of florican ecology, understanding of how local
people use the grassland landscape and interact with florican populations remains
limited. Attempts to document the livelihood activities of local people living in the
landscape were made in 2005 (Gray, 2008), however as a result of rapidly
changing socio-economic contexts, these findings are likely to have little
conservation relevance today or for the future, therefore, greater understanding is
needed in order to develop more robust conservation interventions.
1.3 Aims and objectives
The purpose of this study is to gain a greater understanding of the drivers behind
land use change in the grassland landscape, to identify other potential threats to
floricans and to identify how local people’s interactions with grassland habitat
impacts florican populations. The research objectives are:

I.

To identify how grasslands support the livelihoods of local people and to
determine how livelihood activities are changing
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II.

To identify whether hunting of birds, including florican, is occurring, to what
extent and by whom

III.

To determine local attitudes and understanding of conservation in the
grassland landscape

IV.

To make recommendations for future conservation management of the Tonle
Sap grasslands

4

2. Background
2.1 The Tonle Sap: a landscape in flux
In the heart of Cambodia lies the Tonle Sap, the largest freshwater body in
Southeast Asia. The lake and its landscape are in perpetual motion; each year
water volume increases fivefold as the annual Mekong flood travels backwards up
the Tonle Sap river inundating the surrounding land with up to eight metres of water
(Figure 1) (Roberts, 2015). This unique hydrological system supports a number of
unusual ecosystems and species, including the focal species of this study; the
Bengal florican. The lake is one of Cambodia’s most important natural resources,
providing fish, fuel and ecosystem services to over 1.5 million human inhabitants
(Keskinen, 2006). In recent decades, these valuable natural resources have
become the subject of conflicting interests at a range of scales. Future sustainability
is threatened by a number of social, economic and environmental challenges,
which directly impact the productivity of the lake, placing the ecosystems and the
people who depend on them at risk (Bonheur & Lane, 2002).

Figure 2.1: Map of Cambodia showing Tonle Sap and the annual inundation zone.
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2.2 The Bengal florican: distribution and ecology
The florican (Figure 2) is a polygynous, ground nesting bird, found in lowland
grassland habitat (Gray et al., 2009). Estimates place the global population at 3501500 individuals, restricted to two disjunct subpopulations in the terai grasslands of
India and Nepal, and the seasonally inundated grasslands surrounding Cambodia’s
Tonle Sap lake (BirdLife International, 2013). Cambodia is home to approximately
66% of the world’s remaining florican population, 80% of which are located in
Kampong Thom, a province situated to the northeast of the Tonle Sap lake
(Packman et al., 2014).

Figure 2.2: Left, female florican and right, male florican. Photo credit: Jeremy
Holden/FFI

In Cambodia, the florican is migratory; breeding in grasslands in dry season, and
departing at the onset of monsoonal rains to dipterocarp forest 30-60km north of
the floodplain (Packman et al., 2014). If conditions are suitable, floricans may
remain in grasslands throughout the wet season (Packman, 2011). Usually a
cryptic species, in breeding season males become conspicuous; demonstrating
gallant lekking displays and bold plumage (Gray, 2008). Floricans have a complex
exploded lek breeding system, whereby males display out of site of one another,
as a result sizeable home ranges and large expanses of continuous,
heterogeneous grassland habitat are required to support the population (Gray,
2008). Display intensity is highest between March and May, although floricans have
been sighted in the Tonle Sap grasslands as early as February and as late as
August.
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2.3 Declines and drivers
Biological research and florican population surveys have been undertaken in
Kampong Thom Province (KTP) since 2002, with drastic declines recorded. In
2005, 376 (293-462) displaying males were estimated (Gray et al., 2009), however,
by 2012 this figure had dropped to 216 (156-275) (Packman et al., 2014). The most
recent estimates place the total Cambodian population at 432 (312-550)
individuals.
Surveys conducted in the 1990’s documented a wide range of threats to florican
survival, with egg collection and hunting, both for food and sport, thought to have
triggered initial declines (Gray, 2008). Stallholder surveys conducted at markets
close to grassland sites in 1999 identified high demand for florican meat, with an
estimated 300-600 birds sold annually (Gray, 2008). The low price for a live florican
($1.3 per bird) compared to other species, suggested they were widely available at
the time. The successful implementation of conservation interventions in the early
2000’s was believed to have mitigated this threat (BirdLife International, 2013),
however, research conducted between 2008-2011 assessing seasonal landscape
use by floricans incurred three losses of satellite tagged birds, at least one of which
was due to hunting (Packman, 2011). Based on these findings, Packman et al.
(2014) identified that hunting, particularly in wet season, could still pose a serious
threat to the long-term viability of the species. As of yet no research has been
undertaken to quantify this threat.

Today, it is thought the species is most seriously threatened from widespread and
rapid loss of grassland habitat (BirdLife International, 2013). Between 1995 and
2005, studies identified 50-66% declines in grassland cover, largely driven by scrub
encroachment. Rates of grassland loss rapidly increased after 2005, with a further
25% decline in grassland cover recorded between 2005-2006, largely due to
agricultural expansion (Gray, 2008). Findings by Packman et al. (2013) identified
that in 2005 KTP was least affected by grassland loss, however, by 2009 KTP
experienced 19% declines in grassland cover; 95% of which was driven by largescale Dry-season Rice (DSR) cultivation; a form of intensive, irrigated rice farming
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(Packman et al., 2013). Between 2005 and 2009, the area of land under DSR
cultivation in KTP increased by 666%.

Current understanding of grassland decline has largely been informed by two
pieces of ecological research, which identified complex social-economic
interactions as key drivers (Packman, 2011; Gray, 2008). Historically, grasslands
were created and maintained by traditional agricultural practices including low
intensity rice cultivation, burning, and livestock grazing. These practices mimicked
functions once provided by now extinct large herbivores (Packman et al., 2014).
Cambodia’s forty-year civil war resulted in the desertion of the inner floodplain by
local communities, leading to abandonment of agricultural practices, and
aggressive scrub encroachment (Gray, 2008). After 2005, DSR emerged as the
dominant threat to grasslands. Due to the high capital investment associated with
DSR cultivation, conversion was initially driven by external urban elites granted
ELCs under the Royal Government of Cambodia’s (RGC) Agricultural
Development policy, these elites were perceived to present the greatest threat to
future florican conservation and local people (Packman, 2011; Gray, 2008). These
perceptions formed the basis of current conservation management interventions,
which promote protected areas of grassland as vital resources in which local people
can continue traditional agricultural practices. However, recent research has
identified that local communities are capitalizing on irrigation investments made by
concessionaires and are also converting grasslands for DSR (Mahood & Hong,
2013). No attempt has yet been made to quantify the extent of DSR cultivation
amongst local communities.
2.4 Understanding local livelihoods in Kampong Thom’s grasslands
To date, the majority of florican research has focused on progressing ecological
knowledge of the species or documenting physical LUC. Only one study has
assessed the impact of changing livelihoods on floricans in KTP, and this has little
bearing today; in 2005 Gray (2008) conducted interviews in 25 villages and
documented the disappearance of Deep Water Rice (DWR), a traditional low
intensity crop, from the floodplain. Understanding the drivers of human behavior,
especially those of communities closest to species of conservation priority, is
8

critical for the development and implementation of effective conservation initiatives
and should, therefore, be a vital component in any management policy (MilnerGulland, 2012).

Several socio-economic studies have been conducted in KTP, which have
identified the importance of grasslands for local livelihoods, primarily through
activities such cattle grazing, fishing and rice farming (Keskinen, 2006). Rice
cultivation plays a major role in Cambodian society, with over 80% of the population
inhabiting rural areas and subsisting on traditional rain-fed rice (Bonheur & Lane,
2002). Rice production is both varied and complex, for the purpose of this thesis is
simplified into three broad classifications: Deep water rice (DWR), Dry-season rice
(DSR) and Wet-season rice (WSR) (Table 2.1).
Table 2.1: Broad classifications of rice cultivated in the Tonle Sap floodplain.
Adapted from Gray (2008)
Rice Type
Planting Season
Harvesting Season
Location
Use
Water Source
Agro-Chemical Input

Deep Water Rice
May-Jun

Dry-season rice
Dec-Jan

Wet-season rice
May-Jul

Sep-Dec

Mar-Apr

Nov-Dec

Inner floodplain

Mid floodplain

Outer floodplain

Domestic
consumption

Trade

Domestic
consumption

Flood

Irrigated – canal/reservoir

Rain

Low

Medium-High

Low-Medium

A study conducted in 2006 examining local livelihoods in KTP found WSR rice was
the dominant cropping system in 529 households, with DSR accounting for 2% of
land cultivated by peasant households; primarily due to lack of access to irrigation
and drainage equipment (Diepart, 2010). Three further studies identified similar
trends and found WSR harvests frequently failed to provide adequate yields,
forcing households to undertake other livelihood activities including fishing,
livestock grazing, wage labor and migrant work (Roberts, 2015; Persson et al.,
2010; Hori et al., 2006). Often households employed a diverse portfolio of extractive
and productive livelihood activities, performed at different temporal and spatial
patterns in response to the annual flood pulse (Roberts, 2015).
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Studies show grassland resources play an important role in reducing economic
vulnerability at the household and community level, with non-farming activities
particularly important for the poorest sectors of society (Gray, 2008). In some
floodplain villages, 85-90% of primary household incomes were dependent on
natural resources provided by ecosystem services (Persson et al., 2010). Activities
such as edible insect collection and gathering of fodder were found to leave light
footprints on the landscape and made small yet important contributions to
household income and calorific intake (Roberts, 2015). Harvesting of wildlife, both
for subsistence and market demand, is well documented within the Tonle Sap
floodplain, with the lake subject to the largest annual snake harvest in the world
(Bonheur & Lane, 2002). Hunting of birds and collection of eggs has been
documented as an important provider of protein for floodplain residents, whom are
recorded as having a long-standing preference for water-fowl meat, which is
considered ‘cleaner’ than domestic alternatives (Bonheur & Lane, 2002). However,
no existing studies quantify the extent or impact of bird hunting and egg collection
on rural livelihoods or wildlife populations.
2.5 Conservation interventions
Since 2002 the florican, and the Tonle Sap grasslands, have been the focus of
concerted conservation and research activity (Packman et al., 2014). This has
involved a variety of stakeholders including the Forestry Administration (FA) of the
RGC, Wildlife Conservation Society (WCS) and BirdLife Indochina (Gray, 2008).
Early initiatives focused on hunting reduction through community outreach
programs including market surveys, field patrols, and education in schools and
Buddhist temples (Gray, 2008). In 2006, in response to the drastic decline of
suitable breeding habitat, six Integrated Farming and Biodiversity Areas (IFBAs),
covering 349km2 of grassland habitat, were established under declarations from
provincial governors (Packman et al., 2014). In 2010, IFBAs boundaries were redrawn to include non-breeding habitat, converted to Bengal Florican Conservation
Areas (BFCAs) and granted a higher level of protection under decree from the
Ministry of Agriculture, Forestry and Fisheries (MAFF) and sub-decree under all
Cambodian law (Mahood & Hong, 2013).
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The FA manages BFCAs in partnership with WCS. BFCAs are governed by several
rules; 1) no construction of new DSR dams is permitted, 2) conversion of grassland
habitat to DSR cultivation is banned, 3) hunting of birds is forbidden (Mahood &
Hong, 2013). Traditional practices such as cattle grazing and cricket collecting are
encouraged under co-management frameworks (Mahood & Hong, 2013). BFCAs
are also co-managed by Community Management Committees, who ensure local
communities benefit from livelihood activities. Several innovative Payment for
Ecosystem Services (PES) mechanisms have been piloted in villages surrounding
BFCAs, these include a trial of ‘Ibis Rice’, a form of wildlife friendly rice cultivation
successfully implemented elsewhere in Cambodia (Clements et al., 2010), nest
protection payments, and an ecotourism scheme, whereby villages receive
payments for successful sightings of florican (Mahood & Hong, 2013). Annual land
cover and population surveys have been conducted in nine Monitoring Units (MUs)
since 2007 and have recorded intensive encroachment and population declines
(Appendix 1).

2.6 Study site
Data collection was conducted in 22 villages surrounding six grassland sites located
in KTP, central Cambodia (Figure 2.3). Survey sites were selected based upon LUC,
florican population patterns, and level of protection. Four survey sites were legally
protected BFCAs (Stoung, Chikraeng, Chong Doung, Baray) and two sites were
unprotected areas of grassland (Sankor, Krous Kraom). Survey villages were
selected based upon population size, previous participation in conservation activity
and proximity to grassland.
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Figure 2.3: Map of Study Site

2.7 Methods for investigating grassland use & bird hunting
Conservation is as much about people as it is about biodiversity. Often natural
science methods are insufficient to find solutions to complex conservation
problems that have social dimensions (Sandbrook et al., 2013). Thus researchers
must turn to social sciences in order to understand the social, economic, political
and cultural aspects of people and systems. Social research methods include a
range of quantative and qualitative tools which, when applied appropriately, detail
drivers behind human interactions with natural resources and wildlife populations.
Quantative research tools include household questionnaires and material poverty
rankings (Milner-Gulland & Rowcliffe, 2007). These methods produce specific
replicable data, ideal for monitoring long-term trends and conducting statistical
analysis (Newing, 2010). However, prior knowledge of the context is needed,
otherwise surveys risk targeting the wrong audiences, asking the wrong questions,
or missing important understandings, if used in isolation, these methods can result
in incomplete understanding of the situation (Marsland et al., 2001).
12

Qualitative research methods are informal, flexible, and explanatory. The aim is not
to address hypotheses, but to generate ideas and allow findings to decide future
directions (Newing, 2010). One example of a popular qualitative approach is
Participatory Rural Appraisal (PRA); a set of methods which promotes
empowerment by providing opportunities for respondents to participate (Chambers,
1994). PRA has developed a number of useful tools including focus groups,
seasonal calendars, and community mapping. Findings can produce a source of
rich narrative, which often represent a truer picture of issues communities’ face with
results less conditioned by researchers’ expectations (Milner-Gulland & Rowcliffe,
2007). Limitations also exist; group situations are not always appropriate for
discussing sensitive subjects and there is a danger of underrepresentation and
consequent bias (Milner-Gulland & Rowcliffe, 2007).
In order to achieve conservation success, managers need to understand who illegal
resource users are and how many exist, however, researching illegal behavior
presents methodological challenges. Often people violating laws do not wish to
identify themselves for fear of retribution, sanctions upon confession, or social
stigma attached to the admission of certain behavior (Gavin et al., 2010). Data are
vulnerable to social desirability bias; whereby informants alter their documented
behavior to project more favorable images of themselves (St John et al., 2010).
These factors negatively impact data collection, decrease the accuracy of
information, and produce questionable results. Several tools have been developed
to tackle challenges including direct observation, forensics, modeling, and indirect
questioning (Gavin et al., 2010). The accuracy of each method to estimate
unauthorized activity varies, and is largely determined by the activity in question
and the time, budget and expertise available to researchers (Gavin et al., 2010).

Indirect questioning is considered one of the most reliable methods of estimating
illegal activity because it enables interviewees to respond without incriminating
themselves (Nuno et al., 2013). The Randomised Response Technique (RRT) has
been used to successfully investigate illegal resource use in a number of
conservation scenarios; and consistently provides higher estimates of prevalence
of illegal resource use than alternate methods (St John et al., 2010). However, RRT
has limitations; it requires large sample sizes, can be difficult to understand and
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can make respondents feel uncomfortable due to associations with magic or
trickery (Razafimanahaka et al., 2012). Employed in response to the criticisms of
RRT, the Unmatched Count Technique (UCT) has been applied in a number of
conservation studies including assessments of bushmeat hunting in the Seregeti
(Nuno et al., 2013); here respondents reported high levels of understanding and
low levels of discomfort. UCT shares similar limitations as RRT; it requires large
sample sizes, questions are limited in the form they can take, and it is ineffective
at estimating the prevalence of behaviors involving a small proportion of the
population (Nuno et al., 2013).
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3. Methods
3.1 Methodological framework
To gain a broad and thorough understanding of local livelihoods quantitative and
qualitative social research techniques were employed. Mixed method approaches
triangulate findings and reduce inaccuracy and uncertainty in results (Newing,
2010). This is particularly important when attempting to identify the prevalence and
drivers of illegal activities like florican hunting (Gavin et al., 2010).

Household questionnaires were conducted to generate socioeconomic profiles of
resource users within the grassland landscape. Households were defined as
‘economic units or groups of people that share their wealth’. The questionnaire
combined both direct and indirect questioning, using UCT to estimate prevalence of
egg collection and hunting activity.

Structured Interviews (SIs) and Focus Group Discussions (FGDs) were conducted
in each village. The purpose of which was to provide qualitative confirmation of the
quantitative conclusions drawn from the household questionnaire, as well as deeper
insights into resource use. A conceptual model links methods with research aims
and objectives (Figure 3.1).

Figure 3.1: Conceptual model linking research aims with methods used.
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3.2 Research expectations
Literature reviews and discussions with WCS staff clarified key research questions
and identified the main expectations the study aimed to verify. These are listed
below (Table 3.1) and were used to guide data collection and analysis.
Table 3.1: Research expectations, ordered by research objective
Research Expectation
Objective
I
Grasslands support a variety of livelihood activities including rat catching,
cattle grazing, DSR farming, WSR farming, fishing, cricket collecting, frog
collecting
I

Rice cultivation plays a major role in local livelihoods; the number of
people farming DSR has increased since ten years ago

I

Households that farm DSR are wealthier than those that do not farm DSR

I

DSR has high impact on floricans due to grassland conversion and
pesticide use

I

Levels of DSR cultivation vary between sites, with sites that have more
DSR farmers characterized by lower levels of grassland cover and
florican populations

I

Agriculture in grasslands has modernized since ten years ago, with
beneficial impacts for wealth and negative impacts for floricans

I

People that undertake livelihood activities based in grasslands are more
likely to see and interact with floricans

II

Hunting of birds plays an important role in local livelihoods

II

People who conduct livelihood activities in the grasslands are more likely
to hunt birds

II

People that hunt birds are poorer than those that don’t

II

Communities that live around BFCAs are less likely to hunt birds than
communities that do not live around BFCAs

III

People that know birds are protected are less likely to hunt birds

III

Communities that live around BFCAs are likely to have greater
knowledge of conservation than communities that do not live around
BFCAs

III

Communities around BFCAs that benefit from conservation are likely to
have a more positive attitude towards conservation activity
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3.3 Data collection & ethical considerations
Data was collected between 20th April and 27th May 2015 and was led by the author
(HI), assisted by three Khmer research assistants. Each assistant was fully paid,
had one year’s experience conducting social research in rural villages, and received
methods training as part of this research. HI was present for all SIs, FGDs, and a
third of household questionnaires, which enabled live translation and further
questioning when appropriate. To ensure standardization, HI checked each survey
after completion for missing data, errors and to clarify translation uncertainties.

Upon arrival in villages, the home of the VC was located. Here formal introductions
were made, the purpose of the research explained and permission to work in the
village was requested. This process was repeated before each and every interview,
questionnaire, and FGD. Free, prior and informed consent was always sought, with
participants assured complete confidentiality. Participants were not paid as part of
this study; however, all individuals were given a small gift of laundry powder as a
token of appreciation. Where appropriate, payment was given to cover research
team accommodation and meal costs. All research protocols were developed in line
with WCS and Imperial College ethical codes.

3.4 Structured Interviews
SIs were conducted with the VC, or when unavailable, the SVC. Interviews captured
village demographics and wider information regarding livelihood activities, which
informed the questionnaire sampling strategy. Both open and closed questioning
was used (Appendix 2).

3.5 Focus Group Discussions
FGDs were used to gain a better understanding of how villages use grassland
resources and interact with florican populations. PRA methods, including seasonal
calendars and village mapping exercises, were conducted to identify when and
where villagers conduct different livelihood activities (Appendix 3). Sessions
involved discussions about changes in rice cultivation, grassland use, wildlife
populations and the flooding regime since 2005, when Gray (2008) first documented
rice driven LUC. Where appropriate, questions were asked about the impact of
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BFCAs on livelihoods, knowledge of BFCA rules and future wishes for grassland
management.

The VC was asked to assemble a group of 6-8 people whom had lived in the village
at least ten years and would be comfortable participating in a FGD. Discussions
were held on the property of the VC, with the VC either present or in the background,
which may have impacted respondents’ ability to speak freely. Attendance was
subject to flux and ranged from 3-10 participants. The majority of participants were
male and over 40 years of age. FGDs lasted approximately one and a half hours,
and were led by one research assistant; with one assistant taking notes and one
assistant translating for HI. At the start of each FGD a formal introduction was made
with the purpose of the research explained to participants. Refreshments were
provided throughout FGDs.

3.6 Household questionnaire
3.6.1 Sampling technique
Household questionnaires gathered socio-economic information on livelihood
activities,

hunting

prevalence

and

knowledge

of

bird

conservation.

All

questionnaires were conducted face-to-face, designed to avoid ambiguity, and were
as concise as possible to minimize questioning time and help obtain the large
sample size required for UCT (Nuno et al., 2013). Each questionnaire lasted
between 20-45 minutes depending on the number of livelihood activities undertaken
and the interviewer. Interviewing technique varied between assistants, with some
assistants taking longer to establish rapport with participants than others. Assistants
were encouraged to adopt a uniform approach in order to minimize observer bias.

The study aimed to survey 10% of households in each village, based on figures
provided during SIs. In total, household questionnaires were conducted in 616
households across 21 villages (Table 3.2). To ensure broad coverage, households
were selected using systematic sampling technique with interviews conducted at
every eighth house. If respondents declined or were absent, interviews were
conducted at the next available house. Wherever possible the Head of the

18

Household (HoH) was interviewed. If unavailable, the next available adult (+18) was
approached.
Table 3.2: Summary of households surveyed (HHs=Households)
Survey Site

Village

Baray BFCA

Kou
Chatolork
Kom Cheay Mea

Chikreang
BFCA

Rom Chey Chros
Balang
Ta Oung
Krong Meas
Prek Kroul
Khsach Chiros
Koh Krob Bay
Rolous
Roka
Neangt Rongit
Svay Ear
Kror Sang Kor
Sampov Meas
Chey
Ampil
Peam Prakeep
Srey Sor Loneagh North
Srey Sor Loneagh South

Chong
Dong BFCA
Krous
Kroam

Sankor

Stoung
BFCA
Totals

Village
Pop.
1,547
3,138
300

HHs in
Village
333
563
45

No. of HHs
Surveyed
36
62
9

% of HHs
Surveyed

955
1,205
1,666
1,603
496
2,047
1,240
1,427
2,586
1,100
1,000
2,111
1,810
807
623
980
517
616

200
216
347
341
110
461
251
277
505
175
240
385
291
121
86
169
89
121

21
25
41
39
15
50
28
30
55
19
26
46
35
16
15
20
12
16

27,774

5,240

616

10.5%
11.6%
11.8%
11.4%
13.6%
10.8%
11.2%
10.8%
10.9%
10.9%
10.8%
11.9%
12.0%
13.2%
17.4%
11.8%
13.5%
13.2%
11.7%

10.8%
11.0%
20.0%

3.6.2 Questionnaire Structure
The household questionnaire was divided into 11 sections (Appendix 4). The first
two sections focused on respondent and household characteristics including
household size, and age and education level of household members. Section three
was a Wealth Ranking exercise. Section four was the UCT on egg collection and
bird hunting. Section five conducted a Basic Necessities Survey. Sections six to nine
captured information on rice farming activities. Section ten collected data on other
livelihood activities and section eleven captured information on villagers’ bird
sightings, bird hunting and knowledge of bird protection laws.
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3.6.3 Unmatched Count Technique
UCT was selected as the most appropriate method to determine prevalence of
illegal activity due to its ability to assure confidentiality, its broad applicability in
illiterate communities and the ease at which it can be administered (Nuno et al.,
2013). UCT questions were designed to determine the prevalence of egg collecting
and bird hunting by local people. For each question, respondents were presented
with two cards (a control and a treatment) laid face down and asked to select one.
They were then asked “How many of the eggs/animals pictured have members of
your household collected to eat in the last 12 months?”

The control cards showed four photographs of different types of bird egg or animal
living in the grassland landscape. In order to avoid floor and ceiling affects cards
included one photograph that everyone was expected to select and one that almost
no one would select. The treatment cards showed the same four photographs with
an additional photograph of a wild bird egg and large wild bird (Appendix 5).
Alongside each photo were explanations in Khmer and English. Photographs were
explained to each respondent before they answered to account for illiteracy.

To familiarize respondents with the method and to identify any misunderstandings,
a warm up question about different types of fruit purchased was asked before
starting the UCT. If respondents responded incorrectly, the process was reexplained and repeated until the respondent fully understood the method. Items for
inclusion on the cards were selected based on the suggestions of Simon Mahood
(SM), WCS Technical Advisor and lead on florican conservation. Simon has several
years’ experience working in the landscape and had conducted scoping interviews
with local communities prior to this study. Before implementation UCT was tested in
a pilot study and discussed with the field team. Amendments were made to the UCT
cards based on pilot results and field team feedback.

The UCT results were used to estimate prevalence of egg collecting and bird
hunting by local people. This was calculated by comparing the difference in means
between the control and treatment groups:
𝜋 = 𝑥̅1 - 𝑥̅0
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where 𝑥̅1 and 𝑥̅0 are the means of the counts given from the treatment and control
cards respectively. Standard error was calculated using the formula:

where s is the standard deviation from the mean and n is the total sample size.
3.6.4 Basic Necessities’ Survey
Household poverty scores were calculated using the Basic Necessities Survey
(BNS) method; a participatory, quantitative method of measuring household poverty
based on ownership of a list of basic household assets and services (Davies, 1997).
A list of suitable items for use in BNS was identified from field observations, other
studies (Cheetham, 2014), and discussion with research assistants. A Poverty Index
was calculated for each household (Table. 3.3), where 0.0 indicates the poorest
households, and 1.0 identifies the wealthiest households (Davies, 1997).
Table 3.3: Categorization of Poverty Index Scores from BNS
Poverty Index Score Category

No. of HHs

%

0.0 < BNS ≤ 0.33

52

8.4%

0.34 < BNS ≤ 0.66

475

77.1%

0.67 ≤ BNS < 1.0

89

14.4%

The Poverty Index score was normally distributed and positively correlated with the
Wealth Ranking Score (Kendall’s Tau, tau 0.4906151, p-value < 2.2e-16),
demonstrating that both estimations of wealth were consistent. Results presented
from here onwards use the Poverty Index Score as an indicator of wealth, as this
was considered the more robust measure of wealth.

3.6.5 Bird sightings, hunting & conservation knowledge
Alongside UCT, the study employed direct questioning to identify hunting of birds in
the landscape. Using picture cards (Appendix 6) respondents were asked about
their sightings of six different floodplain bird species. The six species were selected
upon advice of SM based on their abundance in the landscape and level of
protection (Table 3.4). Respondents were asked whether they had caught any of
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these birds in the last year, with species, method, and reason for capture
documented. Finally, respondents were asked whether they knew if any of the
species pictured were protected, and if so, which species. Due to the sensitive
nature of the topic this section was placed at the end of the questionnaire.
Table 3.4: Bird species used in household questionnaire.
LC – Least concern, CE – Critically endangered, VU - Vulnerable
Common Name

Scientific Name
Anastomus oscitans

Abundance in
Floodplain
Frequent

National
Status
Unprotected

Asian open bill stork

IUCN
Status
LC

Bengal florican

Houbaropsis bengalensis

Very rare

Protected

CE

Button quail

Coturnix coturnix

Very common

Unprotected

LC

Giant ibis

Thaumatibis gigantean

Very rare

Protected

CE

Sarus crane

Grus antigone

Rare

Protected

VU

Spot billed duck

Anas poecilorhyncha

Common

Unprotected

LC

3.7 Pilot study
The household questionnaire was piloted on 21 respondents in two villages (Prolay
& Rom Chey Chros, Stoung BFCA) in mid-April 2015. The SIs and FGDs were also
piloted on communities in one village (Prolay). Following personal observation, and
feedback from respondents and the field team, alterations were made to the
questionnaire and UCT cards. Further training was also given to the team to refine
interviewing techniques, particularly UCT.
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4. Results
The results are presented in the following order. Firstly, the socioeconomic
characteristics of the surveyed population are examined (Section 4.1). Secondly,
the temporal patterns of livelihood activities are identified, with spatial and
socioeconomic assessments conducted for activities occurring in the florican
breeding season (Section 4.2). This is followed by an overview of overarching
drivers of change in the landscape (Section 4.3), and an assessment of interactions
between livelihood activities and floricans (Section 4.4). In the fifth section, the
results assess the prevalence of egg collection and bird hunting. The results end
with an overview of local peoples understanding and attitudes towards conservation
(Section 4.6).

4.1 Socioeconomic characteristics of the sampled population
At the household level, poverty status was significantly impacted by HoH gender
and years of formal education (Appendix 7). The range of wealth varied greatly
within and between villages (Figure 4.1). The wealthiest village (Rolous, Krous
Kraom, mean=0.57) was 15% better off than the poorest village (Peam Prakeep,
Stoung BFCA, mean=0.42). Each village was nested within a survey site, with a
10% difference between the wealthiest (Chong Duong BFCA) and the poorest sites
(Chikraeng BFCA).
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Figure 4.1: Mean Poverty Index Score for each village surveyed
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4.2 Grassland based livelihood activities
Data was collected on 11 different livelihood activities, with the mean number of
livelihood activities conducted per household 4.23. The types of activities
undertaken varied broadly within and between villages, and were strongly influenced
by local geographical features such as proximity to a river. Seasonality played an
important role in livelihood strategies, with different activities conducted at different
times of the year in response to the Tonle Sap flood. This study was most interested
in activities occurring between February-August, when florican numbers peak in
grasslands. Figure 4.2 identifies several activities of high intensity which take occur
during this period, including rice farming, cattle grazing, fishing, and collection of
animals such as crickets, frogs and rats. These activities are discussed below in
further detail.

Figure 4.2: FGD seasonal calendar showing dominant temporal trends in local
livelihood activities. BF = Bengal florican

4.2.1 Rice Farming
Research shows LUC, driven by DSR cultivation, presents the greatest threat to
florican survival (Packman et al., 2014), thus understanding the benefits of rice
farming to local people and the drivers of change is critical for conservation.

Rice farming was the most common livelihood activity conducted by 82.1% of
households. The most popular type of rice cultivated was WSR (60.0%), with 39.7%
of respondents cultivating DSR and 17.7% of respondents farming both. Only one
respondent actively cultivated DWR. Whether rice was cultivated or not affected
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household wealth, with households that grew rice wealthier than those that didn’t.
Households that grew DSR or both DSR and WSR were likely to be 2-5% wealthier
(respectively) than those that only grew WSR (ANOVA test, F-statistic: 23.36 on 3
and 612 DF, p-value: 2.524e-14) (Table 4.1).
Table 4.1: ANOVA results showing association between type of rice and Poverty
Index
Estimate

SE

t value

P value

No rice grown (Intercept)

0.442

0.011

38.901

< 2e-16 ***

DSR

0.095

0.015

6.235

8.45e-10 ***

DSR & WSR

0.129

0.016

8.011

5.76e-15 ***

WSR

0.071

0.013

5.302

1.60e-07 ***

Significance codes: 0.00***

A Tukey Honestly Significant Difference test conducted post-hoc (Table 4.2) showed
changes in rice cultivation affected household wealth by 7-12% when farmers not
previously cultivating rice started farming rice, and by -5.7% when farmers growing
DSR & WSR stopped DSR. Inversely, this suggests that WSR farmers who also
adopt DSR could increase household wealth by 5.7%, providing strong incentives
for WSR farmers to adopt DSR cultivation.
Table 4.2: Tukey multiple comparisons of means for type of rice cultivated &
Poverty Index, with lower and upper confidence levels at 95% family-wise
confidence
Difference in means

lwr

upr

p-value

No rice grown – DSR

0.095

0.055

0.134

0.000***

No rice grown – DSR & WSR

0.129

0.087

0.170

0.000***

No rice grown – WSR

0.071

0.036

0.106

0.000***

DSR – WSR

-0.0234

-0.055

0.009

0.246

DSR & WSR – DSR

0.0337

-0.005

0.073

0.123

DSR & WSR – WSR

-0.0572

-0.092

-0.022

0.000***

Significance codes: 0.00***

When asked which rice was more important, 55.2% of rice farmers selected WSR
and 44.8% chose DSR. The most commonly cited reason for choosing WSR was
due to ‘a lack of resources to grow different types of rice’ (24.7%), followed by ‘it is
the rice grown to eat’ (n=80, 15.8%). Other reasons for choosing WSR included ‘low
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input requirements’ and ‘tradition’. Reasons for choosing DSR included ‘multiple
harvests, the shorter growing period, and higher yields’ (30.0%), ‘lower risk crop’
(2.5%) and ‘it could be sold to generate income’ (5.7%).

The mean WSR paddy size was 0.87ha (SE ± 0.044). The majority (76.4%) of WSR
farmers grew rice within 2km of villages, with the furthest paddy 10km away (5.4%).
The mean distance between each village and grassland areas was 3.5km (SE ±
0.609), suggesting the majority of WSR farmers were unlikely to cultivate near
grasslands. WSR was typically sown between May and June in synchronization with
the first rains, fluctuating two weeks either side if rains were early or late. WSR was
usually harvested between November and December after the flood had receded,
however, if rains were late, harvesting would be delayed until early January. These
spatial and temporal patterns suggest WSR farmers are unlikely to interact with
floricans when they are farming WSR.

The mean DSR paddy size was greater than WSR (1.07ha SE ± 0.108), with the
distance between DSR fields and villages more variable (Figure 4.3). 86.9% of DSR
paddies were located to the south or west of the village nearer florican habitat.
Timings of DSR were dependent on the number of crops harvested; 46.3% of
respondents grew more than one DSR crop per year, with two respondents growing
three crops per year. There was no significant association between number of DSR
crops and household wealth (Appendix 7). Exact timing of sowing and harvesting
was dependent on a number of factors including WSR harvest times, rain, flood
recede and access to machinery, although DSR was usually harvested 90 days after
sowing. Typical timings (Figure 4.4) show consistent activity from November – May,
which coincides directly with the florican breeding season.
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Figure 4.3: Distance of DSR fields from village in km by % of DSR farmers.

Figure 4.4: DSR sowing and harvesting periods, classified by crop round. Timeline
starts in September when flood is at its peak.
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4.2.2 Changes in Rice Cultivation
The adoption of DSR was a relatively new phenomenon with 66.6% of villages
starting since 2005 (Figure 4.5).

Figure 4.5: DSR uptake over time

Level of DSR cultivation varied greatly between sites (Figure 4.6). At the village level
variation was highly influenced by access to water, with only one village (Kou, Baray
BFCA) not cultivating DSR.
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Figure 4.6: Percentage of DSR farmers by survey site.

Participants gave several reasons for the uptake in DSR:
“Since 2005 more people do DSR then WSR because they can get a good yield
from DSR. WSR is only to eat but for DSR a trader comes to buy the yield. We can
get around 1 tonne per ha of WSR, but 4 tonnes per ha for DSR. They pay
between 750-800riel/kg” FGD Rolous, Krous Kraom

DSR was commonly adopted after construction of DSR dams or irrigation canals,
usually funded by RGC or ELCs:
“Before, everyone used to do WSR but people started to change to DSR in 2006.
Most people started DSR in 2014 after the government build the canal. This meant
everyone could get water for their rice” FGD Kom Chea Meas, Baray BFCA

All villages reported modernization in farming methods, including changing from
‘transplant’ to ‘broadcast’ sowing, mechanization and agro-chemical use. 20 villages
used hand-tractors or large tractors to plough land, although cattle were also used.
257 households used pesticides, of which 77.7% started use after 2005, over 95%
of DSR farmers said they used pesticides, compared to 34.3% of WSR farmers.
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Several villages reported concerns over the unregulated use of chemicals in
farming, and the consequent impacts on health and the environment:
“Before we did not use fertilizer, but now we do as it produces a higher yield. But
there is no standard for use and so people apply it at any rate they want, but this
has an effect on health. Before we could drink water from the rice fields when we
worked but now we cannot” FGD, Srey Sor Loneah South, Stoung BFCA

4.2.3 Fishing
As the second most popular activity (66.7% of households), consideration of fishing
is important for florican conservation. Fishing was usually undertaken alongside rice
farming, dominantly for subsistence. Only 8% of respondents identified fishing as
their main income generating activity. Fishing had no effect on household wealth
(Appendix 7). The number of fisher households varied greatly between villages
(22.2-85.7%). At the site level, Stoung BFCA had the highest level of fishers (81.2%
of HHs), probably because all three villagers were near rivers, Chong Duong BFCA
had the lowest level of fishing (53.3% of HHs).

FGDs revealed the majority of fishing conducted in the florican breeding season
occurred in lakes south of villages or the Tonle Sap. 40% of fishers fished within a
1km radius of the village, 40% within 10km of the village and 20% fished 11-50km
away. Fishing grounds were accessed by boat if they lived near a river or by
motorbike, usually via unpaved tracks distributed across the floodplain and
grassland habitat.

4.2.4 Cattle grazing
Cattle grazing is perceived to have both positive (maintenance of heterogeneous
grasslands) and negative (nest trampling) impacts on floricans. 50.9% of HHs
farmed cattle or water buffalo. In florican breeding season cattle were primarily
grazed in fallow rice paddies, usually WSR fields around the village or within a 1km
radius. However, some herders grazed cattle up to 15km from the village in DSR
fields or grasslands. Cattle were left free to range and autonomously return at dusk,
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or herded by a household member, usually the husband, although children were
also reported and observed herding cattle.

Declines in cattle ownership, driven by agricultural modernization, were widely
reported (20 FGDs). Cattle were no longer valued as highly for use in rice farming,
although manure was considered important for organic fertilizer. Instead cattle were
considered cash assets, sold in times of need or to purchase equipment. Dependent
on the size and sex, a cow sales could generate USD$250-$1,000, and buffalo up
to USD$1,500. There was a positive relationship between household wealth and the
number of cattle or buffalo owned (Pearson’s Correlation Coefficient, cor = 0.27, df
= 615, p-value = 0.000), with those who owned more cattle or buffalo likely to be
wealthier, however, this correlation was relatively weak, suggesting number of cattle
wasn’t the only factor influencing household wealth.

4.2.5 Frog Collection
Frog collecting occurred in florican breeding season between May-June and thus
was considered an important activity to review. 241 households (39%) collected
frogs, 66.3% for consumption, 28.2% to eat and sell, and 5.5% to sell only. Frogs
were caught at night around the village away from florican habitat, by hand or net
using a head torch. There was only slight variation between villages and sites in the
number of households that participated.

4.2.6 Rat Catching
23% of households caught rats, primarily as pest control in rice fields (61.1%). Pests
and disease, including rats eating rice crops, was one of the most commonly cited
factors affecting the rice harvests of rat catchers (68.7%). Lacing rice with poison
and distributing it across fields was the most common form of rat control. Rats were
also caught alive in metal traps or bamboo snares to either be eaten or sold to
Vietnamese rat traders. In Roka (Krous Kraom) FGD participants said over a ton of
rats were caught and sold to rat traders daily. Rat catching took place at night, with
some respondents sleeping in fields to protect crops. Significantly more rat catchers
than expected grew DSR, and fewer grew WSR (Chi-Square, X-squared = 123.6, df
= 3, p-value < 2.2e-16). 90.2% of rat catching took place in DSR fields and thus
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coincided with the florican breeding season. Prevalence was highest in Krous
Kraom (40% of HH), and lowest in Chikraeng, Chong Duong BFCAs and Sankor
(<15% of HHs).

4.2.7 Cricket Collecting
Cricket colleting coincided with the breeding season between May–July. 18.8% of
households collected crickets. Crickets were collected using traps constructed with
a water bath, a vertical sheet of plastic, and a light. Crickets attracted to the light at
night would hit the plastic sheet and fall in the bath. 47.4% of HHs caught crickets
to sell, and 44.8% to eat and sell, very few collected crickets purely to eat (7.7%).
Cricket collecting was mainly conducted in the first rains (80.1%). Traps were
established next to homes or along the main road, although, two years ago residents
of Srey Sor Loneagh North started cricket collection in Stoung BFCA (Figure 4.7).
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Figure 4.7: 1) Child herding cattle in Ampil, Sankor, 2) ploughing by cow in Kou,
Baray BFCA, 3) a frog caught in Kong Meas, Chong Duong BFCA, 4) partly
assembled cricket traps located in grassland in Stoung BFCA
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4.3 Changes in livelihoods and use of grassland
FGDs were used as a platform to identify underlying drivers of change and provide
insights into wider socio-economic and environmental trends, knowledge of which
is important for the development of robust conservation interventions.

4.3.1 Changes in quality of life
FGD Participants had mixed opinions as to whether quality of life had improved
since 2005. 16 villages stated that life had improved for the better. Reasons were
threefold. Firstly, uptake of DSR meant households could achieve higher rice yields,
improving revenue from rice sales.
“Living is better than before because we have higher yields of rice. Now we get 67tonnes/ha, before we used to get 4tonnes/ha. Now we have higher income and
so can buy more things. Before when people went to the pagoda we would walk or
cycle, now everyone rides a motorbike. Before people had boats with paddles,
now we have boats with a machine” FGD, Khsach chiros, Krous Kraom

Secondly, mechanization of agriculture sped up the farming process, providing
households with more time to allocate to other income generating activities. Thirdly,
more households were supported through remittances, as young people migrated
to Phnom Penh or Thailand in search of salaried work:
“If we farm rice we can earn 2,000,000riel (USD$500) for 2 tonnes, but if someone
goes to work in Phnom Penh they can earn 2,000,000riel in one month” FGD
Sampov Meas, Sankor

Nearly 50% of households were supported through remittance payments, usually
provided by children over the age of 15 or HoHs. 83.3% of households started
migrant work in the last 5 years. This was the primary aspiration of parents for their
children in the future (20 FGDs).

In other villages, FGD participants believed changes in livelihood had had little
benefit on livelihoods. Several villages spoke of increased debt, particularly amongst
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DSR farmers as they borrowed finance to purchase seed and agro-chemicals. If
harvests failed or rice prices dropped, farmers were often forced to sell assets,
including land to pay debts, which resulted in greater inequality:
“Fewer people farm DSR than before, because they have to borrow from
microfinance to do it. Profits depend on yield and price and so lots of people have
debt when the harvest is not so good. Some people have to sell their land in order
to pay off debts” FGD, Koh Krob Bay, Krous Kraom

4.3.2 Changes in grassland use
In 17 villages participants reported a decline in grassland cover since 2005. The four
villages that did not report a decline were located around Stoung-Chikraeng BFCAs;
sites where grassland is most protected. DSR cultivation facilitated by the
construction of DSR dams by RGC or ELCs was cited as the dominant driver of
decline. Grasslands were traditionally used for cattle grazing, DWR cultivation and
collection of wild vegetables. The loss of grassland for some villages was perceived
to be beneficial, due to an increase in the area of land for rice cultivation:
“There has been no grassland since 2008 because the company built the dam and
it was changed to DSR. Before we used to graze cattle and do DWR there, but this
was not very good yield. Now the company have changed it to DSR we can get
more rice yield each year and still graze our cattle” FGD, Sampov Meas, Sankor

Whereas some villages expressed concern at loss of grassland:
“We used to graze our cows in the grassland nearby, but now because there is no
grassland left we have to go much further. Our cows do not get as much food and
are skinnier and less healthy than before” FGD, Kom Chea Meas, Baray BFCA
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4.3.3 Flood patterns
FGD participants were asked about changes in flood patterns. 11 villages reported
no changes, and 10 villages reported increasingly irregular, longer lasting floods
associated with much stronger winds:
“The water comes much quicker than before and the winds are stronger too” FGD,
Balang, Chikraeng BFCA
When asked why they thought this was, five villages said they thought changes in
the flood were the result of deforestation across the country:
“The flood peaks faster than before and lasts a longer time than before. The winds
are also much stronger. This is because of the loss of forest in the country” FGD
Srey Sor Loneagh South, Stoung BFCA
These changes had an impact on livelihoods particularly rice cultivation. Nearly half
(48.5%) of rice farmers reported that the biggest factor affecting their rice harvest
was unpredictable weather patterns such as late rains or lingering floods.

4.4 Livelihoods and florican sightings
Florican sighting data was collected and used as a proxy for disturbance, which
assumed people who saw floricans were more likely to disturb them then those who
didn’t. 29% of respondents saw a florican in the last year, sightings varied across
sites (Figure 4.8). Over 60% of floricans sightings were in grassland habitat, and
27% in areas of DSR.
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Figure 4.8: No, of respondents in each site who reported seeing a florican in the last
year (n=179).

Logistic modeling identified the specific livelihood activities of people most likely to
impact floricans in the landscape. A significant association was found between
gender, livelihood activity, site and florican sightings (Table 4.3). The probability of
male DSR farmers, rat, frog, and cricket collectors seeing a florican, and thus
disturbing them, was significantly higher than the intercept. This verifies previous
findings, which identified a significant relationship and spatial links between DSR
farming, rat catching and grassland habitat. The significant association between
frog/cricket collection and florican sightings was surprising given the spatial and
temporal trends. One possible explanation is that people who undertake these
activities are out in the grasslands at other times and for other reasons. The
significantly higher probability of male respondents seeing floricans reflects social
norms whereby men most likely to conduct these activities.

The probability of florican sightings in Stoung-Chikraeng BFCAs and Sankor was
significantly higher than the intercept (Baray BFCA). This corroborates findings from
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florican population data (Appendix 1), which shows Sankor has the largest florican
population, and Stoung-Chikraeng BFCAs the greatest population density.
Table 4.3: Parameter estimates for the effect of respondent gender, livelihood
activities and site on whether a respondent saw a florican. GLM with binomial
errors with florican sighting as the dependent variable.
Dependent variable:
1= BF sighting 0=No BF Sighting
Estimate
-3.822

SE
0.475

p- value
8.75e-16

Significance
***

Respondent Gender: Male

1.104

0.225

9.52e-07

***

DSR farmer: Yes

1.049

0.251

2.99e-05

***

WSR farmer: Yes

0.220

0.305

0.470

Rat catcher: Yes

0.547

0.269

0.042

*

Cricket collector: Yes

0.720

0.266

0.006

**

Fisher: Yes

0.140

0.252

0.579

Frog collector: Yes

0.493

0.225

0.028

2.913

0.526

3.06e-08

-0.161

0.608

0.791

Site: Krous Kraom

0.088

0.444

0.842

Site: Sankor

1.120

0.501

0.025

Site: Stoung BFCA

2.305

0.504

4.90e-06

Intercept

*

ref.

Site: Baray BFCA
Site: Chikraeng BFCA
Site: Chong Doung BFCA

***

*
***

Observations = 616

Significance codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’

However, findings should be considered with caution. Data on florican sightings
were collected at the individual level, whereas livelihood activities were identified at
the household level. Therefore this analysis assumes individual livelihood activities
reflect those undertaken by the household.

4.5 Bird Hunting
4.5.1 Direct questioning
In Cambodia only the hunting of protected birds is illegal, however, hunting of all
birds is banned within BFCAs, which are protected under sub-decree. Of the 616
households questioned, 53 households (8.6%) had hunted at least one of the birds
on the picture cards in the last 12 months. The most common species caught was
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Button quail, followed by Spot billed duck, reported by 86.7% and 26.4% of
respondents respectively. 9 households (16.9%) caught multiple bird species (Table
4.4). In one village a research assistant photographed a quail caught by the
interviewee that morning (Figure 4.9).
Table 4.4: Species of bird caught by respondents. (P) indicates a protected species
Species

IUCN Status

Asian open billed stork

Least concern

No. of respondents
reporting captures
3

Button quail

Least concern

46

Spot billed duck

Least concern

14

Sarus crane (P)

Vulnerable

1

Figure 4.9: Blue breasted quail (Coturnix chinensis), captured by questionnaire
respondent in Kom Chea Meas village, Baray BFCA.

17% of respondents caught birds in the last month, 18% in the last three months
and 26% within 6 months. The majority of respondents (83%) caught birds to eat,
15% caught birds to eat and sell. Only one respondent caught birds purely to sell.

The methods reported to catch birds varied. Almost all respondents said they hunted
birds at night. Hunting equipment included; slingshots, bamboo snares and nets,
which were either thrown over nesting birds or birds were driven into them. One
respondent described how two people would stretch a very thin piece of wire across
a field. One person would then pull the wire back to create a giant slingshot and the
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other would drive birds towards the wire. When close enough the tension in the wire
was released, effectively ‘clothes-lining’ the birds. Respondents said they could
capture up to 30 quail at a time using this method. Several fishers reported
accidental captures of duck and Great egret (Ardea alba) in nets, either whilst fishing
or when strung around DSR fields to protect rice from rats.

4.5.2 Direct observation and FGDs
During household questionnaires, 13 respondents (2%) said they did not hunt birds
themselves but reported observation of bird hunting or purchase of wild birds by
other villagers. In Ampil (Sankor) FGD participants said specialist bird hunters
caught birds throughout the year to sell to traders. Giant egret was the species
traders most sought. In Kong Meas (Chong Duong BFCA) one respondent said
villagers hunt birds such as Giant egret and quail at night to sell to a fish trader in
Tong Kosang. In Kom Chea Meas (Baray BFCA) villagers said that one of the
primary uses of grassland was to catch quail to eat. In Chatalork (Baray BFCA)
respondents said people hunted birds because conservation organizations didn’t
protect the BFCA properly.

Each month FA enforcement patrols conduct market surveys to assess wild bird
sales, over the last year wild birds have been identified in 3 market surveys
(Appendix 8). Figure 4.10 shows birds for sale in at Stoung market, one of the
closest markets to Stoung BFCA.
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Figure 4.10: Photo of trader selling plucked Oriental Pratincoles (Glareola
maldivarum), a grassland species, in Stoung Market, taken by Pichpiron Prach,
BFCA Enforcement Patrol Leader, May 2015.

No direct captures of florican were reported through household surveys, although
several respondents made comments about florican hunting. A fisher in Srey Sor
Loneagh (Stoung BFCA) said he once found and released a florican trapped in an
abandoned fishing net in Stoung BFCA. In Roka (Krous Kraom) FGD participants
said a villager caught a florican 2-3 years ago, which resulted in a visit by a
conservation organization. Another respondent in Rolous village (Krous Kraom) said
two years ago someone from a different commune visited their village to sell a live
florican for 100,000riel (USD$25). In Srey Sor Loneagh South (Stoung BFCA) a
male FGD participant recalled that a friend told him the best way to catch floricans
was to place a bamboo snare outside their nest and lure them out using recorded
birdcalls. Although not included in the main study, a female respondent in the pilot
village of Prolay (Stoung BFCA) said she recently tried to catch a nesting florican by
throwing a blanket over it, although it escaped she collected the eggs.
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4.5.3 Profile of a bird hunter
There was no significant relationship between household wealth and whether a
household hunted birds (Wilcoxon test, W = 15350, p-value = 0.7288).

A binomial logistic model identified a highly significant association between
whether someone stated that they hunted birds, gender, and them being part of
households that collected frogs or caught rats (Table 4.5). This is credible
considering these activities are dominantly undertaken by men and occur at night,
when enforcement patrols are not active and roosting birds are most vulnerable.
Table 4.5: Parameter estimates of binomial GLM, testing for the effect of gender,
livelihood activities and site on whether a respondent hunted birds.
Dependent variable:
1= Bird hunter 0=Non bird hunter

Intercept

Estimate
-3.6428

SE
0.3908

p- value
< 2e-16

Significance
***

Respondent Gender: Male

0.8543

0.3294

0.00950

**

Rat catcher: Yes

0.8023

0.3060

0.00875

**

Fisher: Yes

0.1735

0.3777

0.64594

Frog collector: Yes

0.7429

0.3137

0.01789

*

Observations = 616
Significance codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’

When test individually in a GLM, results showed no significant association between
site and whether someone stated that they hunted birds (Appendix 7). However,
knowledge of hunting prevalence in each site is important for conservation
managers planning enforcement activities. Prevalence was highest in Sankor
(14%), Krous Kraom had the second highest prevalence at 9.8% (Figure 4.11). This
is of little surprise as neither site currently receives conservation protection. StoungChikraeng BFCAs, sites with the most enforcement activity, had the lowest
prevalence of bird hunting (<4%). This could suggest enforcement patrols are
effective at reducing hunting levels, or it may indicate response bias, with subjects
more conditioned to present best perceived behavior, rather than actual behavior.
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Figure 4.11: Prevalence of bird hunting activity at each site.

During two FGDs and several household questionnaires participants said that the
‘Cham’, an Islamic ethnic minority from Vietnam, were mainly responsible for bird
hunting:
“Before we used to have lots of different birds such as great egret, quail, duck,
Sarus crane, florican, but now we have much fewer. This is because there is
nowhere for birds to live anymore and also because the Cham people come at
night to poison and hunt them. They come along canal at night and then return in
the morning” Kom Chea Meas village

Blaming the Cham only occurred in villages located in the south of the survey region,
primarily in Chong Duong and Baray BFCAs, where populations of Cham are
highest.
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4.5.4 Prevalence of bird hunting: UCT
The results from the three UCT questions were varied (Figure 4.12). The warm up
question, based around fruit consumption, showed that there was a significant
difference (df=615, t= 5.613, p= 3.02e-08) between the control and treatment
groups, with approximately 52.6% of the population purchasing oranges in the last
month. This suggested that people understood the UCT, and the technique worked
as expected. However, there was no significant difference between control and
treatment groups for egg collecting (df=615, t=-0.084, p=0.933) or bird hunting
(df=615, t=-0.451, p=0.652) suggesting that the prevalence of these activities was
not significantly different from zero. This chimes with the data above, which recorded
only four admissions of large bird hunting and one direct admission of florican
hunting.

Figure 4.12: Difference between means for each treatment for fruit, egg collecting
and bird hunting UCT questions.
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4.6 Local understanding and attitudes towards conservation
325 respondents (52.7%) said the florican was a protected species. There was a
significant relationship between respondent gender and knowledge of conservation,
with more males and fewer females than expected likely to know floricans were
protected (Chi-Square, X-squared = 45.031, df = 1, p-value = 1.939e-11).

There was considerable variation in knowledge of whether floricans were protected
between sites (Table 4.6), with knowledge highest in Stoung-Chikraeng BFCAs and
lowest in Sankor.
Table 4.6: Number of respondents who knew BF protected in each site (n=616)
Survey Site

No. of respondents
aware BF protected
47

% of respondents aware
BF protected
66.2%

Chikraeng BFCA

64

73.5%

Chong Duong BFCA

42

46.6%

Krous Kraom

107

65.6%

Sankor

30

19.1%

Stoung BFCA

35

72.9%

Total

325

-

Baray BFCA

However, the data about knowledge of florican status should be considered
cautiously. Nearly 30% of respondents said all birds pictured were protected,
despite only 3 of the 6 birds actually being protected by national legislation (Table
4.7). There could be some ambiguity in the question, because in BFCAs all birds
are indeed protected. However, there was no significant relationship between the
number of people that said ‘all birds’ and people living around BFCAs (Chi-square,
X-squared=5.616, df=1, p-value=0.017), suggesting responses may have been
strongly influenced by social desirability bias. Only five respondents correctly
identified all the birds into their actual protection category, and 20.7% of
respondents only identified protected species.
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Table 4.7: Proportion of birds correctly and incorrectly identified as protected
Bird Species

Correct
Answer
Unprotected

Proportion id as
protected
57.5%

Proportion id
as unprotected
42.4%

Protected

89.0%

10.9%

Unprotected

52.6%

47.3%

Giant ibis

Protected

52.6%

47.3%

Sarus crane

Protected

71.5%

28.4%

Unprotected

56.1%

43.8%

Asian open bill stork
Bengal florican
Button quail

Spot billed duck

Observations=365

When asked why they thought the florican was protected, FGDs in villages such as
Chatalork (Baray BFCA) and Rom Chey Chros (Chikraeng BFCA) said because
conservation organizations had visited and discussed bird conservation. Some
villagers also referred to conservation signs located around villages, whilst others
recalled encounters between villagers, the police, and conservationists because of
bird hunting.
All villages around Stoung-Chikraeng BFCAs had had contact with a ‘conservation
organization’. However, no FGD participants were able to name the conservation
organization, but this assumed to be WCS, as they are the only conservation NGO
working in these sites. In Rom Chey Chros villagers were part of an eco-tourism
scheme which received USD$10 for every successful florican sighting by a tourist.
Villagers saved funds in a communal pot to build a new road. To date the village
had received over UDS$3,000; FGD participants had a positive attitude towards
conservation:
“We help keep florican because we earn money from tourists. If we hunt them we
only benefit once, but if we leave them then we benefit lots of times. If there was
no conservation organization for the grassland then there would be none left. It is
good because it brings money for the community and jobs too” FGD, Rom Chey
Chros, Stoung BFCA

However, other villages did not echo this attitude. Balang (Chikraeng BFCA) FGD
said they were part of a similar eco-tourism scheme but had received no tourists or
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benefits. In Chatalork (Baray BFCA) villagers said visitors arrive to see floricans, but
they received no benefits as people only stopped to buy petrol or refreshments. Four
villages mentioned participation in a nest protection scheme, however, no FGDs
participants had found any nests to benefit from the scheme. In some villages,
knowledge of conservation activity was non-existent. For example in Kom Chea
Meas, located in Baray BFCA, FGD participants, who included the VC, were not
aware of the BFCAs existence.
4.6.1 Future management of grasslands
Suggestions for future management of BFCAs and grassland areas varied. In two
villages (Srey Sor Loneagh South and Balang), both near Stoung-Chikreng BFCA,
respondents said they would prefer to use the conserved area for DSR cultivation:
“They should keep some area for the birds, but not so big, people need to eat too”
Balang village

In Srey Sor Loneagh South, villagers said they would be happy to cooperate with
conservationists in the future, but only if the current management plan, which
excluded villagers from cultivating 50ha of their land within the BFCA boundary, was
revised.

In sites with no protection (Sankor and Krous Kraom) FGD said they would like
grassland to be protected. In Sankor, participants from several villages raised
concerns over conversion of grassland to DSR by companies and lack of local land
rights. In Krous Kraom, all villages said they would like to protect the remaining
grassland, but that they lacked to resources to do so. In three villages, villagers
mentioned that conservation organizations had formerly approached or worked in
the village but hadn’t returned, which affected villagers trust in conservationists.

Ideas proposed for future management included more bird conservation education
in villages, better training regarding rules of BFCA, and clear demarcation of
protected area boundaries.
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5. Discussion
The livelihoods of local communities surrounding survey sites were highly varied,
with households undertaking many different subsistence and income generating
activities. Livelihood activities have changed significantly over the last ten years,
with widespread adoption of DSR cultivation and the advent of migrant work. This
chapter will address each research objective and discuss the implications of
research findings for Cambodia’s florican populations and the broader conservation
sector, before making recommendations for future research to improve the
effectiveness of current conservation interventions.

5.1 Objective I: Local livelihood interactions with floricans
5.1.1 Rice farming
LUC associated with shifts in rice cultivation is considered the greatest threat to
floricans. In 2005, DSR around survey sites was conducted by external urban-elites
(Gray, 2008), however, DSR now appears to be a common activity for local people,
undertaken by 40% of the local population. Significant associations were found
between DSR and household wealth, with gains greatest for current WSR farmers
who adopt DSR. This suggests there may be financial incentives for WSR farmers
to convert new land for DSR. Whilst the ability of local communities to implement
DSR is limited by access to irrigation structures, RGC’s proposals to enhance
agricultural infrastructure on the floodplain are likely to remove this restriction
(MAFF, 2015) suggesting pressures on remaining grassland patches will rise in
future. In Sankor, conversion of scrub habitat, which is extremely labor intensive,
demonstrates the value of DSR and the scarcity of land for DSR (Mahood & Hong,
2013). Once planned irrigation structures are built, remaining areas of grassland,
particularly unprotected areas (e.g. Sankor and Krous Kraom), will be vulnerable to
further conversion.

Traditionally, it was thought one crop of DSR was grown between December and
April (Gray, 2008). However, this research found 46% of DSR farmers cultivated two
DSR crops per year, extending human presence in the landscape into August.
Whilst there is some evidence that floricans can persist in DSR areas, making use
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of dams for nesting and stubble for displaying, this is only possible after the land
has been drained and crop harvested (Mahood & Hong, 2013). Two consecutive
DSR crops limits the amount of habitat available, the time for which it is available
and increases disturbance.

Aside from direct habitat loss, DSR has several secondary impacts on floricans.
Farmers are often followed by their dogs, which range widely foraging for food
(Mahood & Hong, 2013) inadvertently increasing incidences of disturbance and nest
predation. DSR is heavily associated with use of agro-chemicals, with 95% of
farmers reporting pesticide use. The impact of agricultural intensification on florican
populations has not been specifically studied, however, studies of other bustard
species, such as the Little Bustard (Tetrax tetrax) in Spain, have reported reductions
in population density as a result of pesticide use and associated food declines
(Martínez & Tapia, 2002). Pesticides used in Cambodia include those banned in the
west, such as DDT, which is known to bioaccumulate and cause egg thinning in
birds (Fry, 1995). Little is known about the dietary preferences of floricans, although
it is hypothesized insects, particularly crickets, play an important role (Mahood &
Hong, 2013). Gray (2008) found floricans forage in DSR and thus use of pesticides
in DSR farming is likely to significantly impact food availability, reduce reproductive
success, and increase incidences of poisoning.

DSR cultivation was strongly associated with pests and disease, particularly rats,
with over 66% of respondents stating this was the primary factor affecting rice
harvest. Expansion of DSR production means more food is available throughout
the year, increasing and sustaining rat populations (Jahn et al., 1999). Research
found 44% of DSR farmers actively tackle rat infestations, the majority broadcasting
poisoned rice or fish over crops. Pesticide and rodenticide use in Cambodia is
indiscriminate and poorly implemented; often farmers have no formal training with
poisons inadequately labeled or in foreign script (Jahn et al., 1999). Inappropriate
and unregulated use of poisons poses a significant risk to grassland bird species,
which may ingest bait and suffer mortality. Rat control also involved trapping or
sleeping in fields to protect crops. The presence of trapping mechanisms in the
landscape increases the risk of bird bycatch, and florican mortality. Farmers,
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equipped to deter and catch rats may also impact bird populations through
increased disturbance and deliberate captures.

Although ground nesting birds, such as the florican, typically develop specific
defense mechanisms in order to counter nest predation (Picman, 1988), an
increased population of rats in the landscape may increase incidences of egg
predation, resulting in breeding success reduction. At present this theory is
unsubstantiated, largely due to difficulties associated with nest location and
designing unbiased experiments in open access landscapes (Sanders & Maloney,
2002). However, given the critical status of the florican, this is worth further
exploration.

Agriculture in local communities has become increasingly mechanized over the last
ten years, creating important socio-economic changes. Firstly, mechanization
increases the ease with which local people can transform land, making existing
grassland habitat more vulnerable to rapid conversion. Secondly, use of machinery
has resulted in lower labor requirements, providing rice farmers with more time to
allocate to other livelihood activities. As a result there has been a boost in wage
labor and migrant work, with 42% of households adopting migrant work in the last
5 years. This increased remittance income and resulted in an exodus of young
people from the countryside to urban areas. Whilst fewer people in the landscape
could be beneficial for floricans, rural-urban migration is strongly linked to
agricultural abandonment, which may drive scrub expansion in the future, or lead
to grabs of ‘abandoned’ land by locals and external agents.

Thirdly, mechanization of agriculture, combined with intensification of agrochemicals can have significant environmental impacts. Metal ploughs carve deeper
into earth, compact soils and alter drainage, and agro-chemicals cause soil
pollution (Stoate et al., 2001), causing widespread environmental degradation;
undermining the health of livelihoods and ecosystems across the Tonle Sap
floodplain (Bonheur & Lane, 2002).
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5.1.2 Other livelihood activities
There was no significant association between florican sightings and fishing,
although interactions may occur when fishers travel across the floodplain to access
fishing grounds. Evidence from other studies suggested communities rely on
grasslands for a wide variety of natural resources including crickets and frogs
(Roberts, 2015). Current managers perceived that these activities play important
roles in local livelihoods and could be impacting floricans through food competition
and disturbance. Whilst frog and cricket collection levels were low (<40%) and
spatial and temporal findings suggested interactions were likely to be rare, modeling
revealed these activities were significantly associated with florican sightings,
suggesting that people who conduct these activities also undertake other livelihood
activities in grasslands. Further research would help to identify what these specific
livelihood activities are and how they interact with floricans.

Historically, livestock grazing has played an important role in local livelihoods and
the maintenance of grassland landscapes (Roberts, 2015). Today, mechanization
and intensification of agriculture has led to an overall decline in cattle ownership,
potentially reducing incidences of nest trampling, hunting, egg collection by
children and dog predation. Reduction in grazing may impact the quality of
remaining habitat; as floricans are thought to prefer shorter grass sward. Without
maintenance grassland could quickly succumb to scrub encroachment (Packman
et al., 2013), which may intensify grazing pressure in remaining grassland,
exacerbating negative interactions in residual patches of optimal habitat.

5.2 Objective II: Bird hunting
Hunting of birds has a prevalence of 8%, although, realistically levels of hunting are
likely to be much higher as respondents often underreport activities (Gavin et al.,
2010). Comments from questionnaire and FGDs participants, triangulated with
enforcement patrol reports, suggest that there is local market demand for wild bird
meat. However, it is not possible to quantify the extent of market demand at this
stage, largely due to lack of quantative data and absence of robust, independent
market surveying strategies. The majority of respondents that hunted birds caught
birds for consumption, confirming findings by Bonheur & Lane (2001) that wild bird
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meat plays a role in diets of communities living in the Tonle Sap floodplain. No data
was gathered on why people hunt birds, in hindsight this information would have
been particularly useful in informing anti-bird hunting campaigns.

Small, abundant, game-birds such as Button quail were the main species targeted
although captures of larger species, such as stork, and Sarus crane were recorded.
Both quail and Sarus crane utilize grassland areas, suggesting bird hunting could
be occurring in florican breeding areas and affecting floricans. Hunting prevalence
was greatest in Sankor, which is unsurprising considering it was the largest survey
site. However, Sankor also has the largest residual areas of grassland and the
highest florican population (Mahood & Hong, 2013). Combined with the lack of
formal protection, this finding is particularly concerning.

Despite the large sample size, indirect questioning did not identify bird hunting or
egg collection, this is unsurprising considering the extremely low levels of
prevalence captured through direct questioning techniques. Nuno et al. (2013) note
that UCT is ineffective at identifying illegal resource use at very low levels, which is
why data triangulation is important. Considering the scarcity of floricans, incidences
of florican hunting are probably opportunistic rather than targeted. However,
extremely low levels of income, combined with high market prices (USD$25), might
suggest that if there were sufficient market demand, targeting floricans would be
highly profitable for local people.

5.3 Objective III: Local understanding and attitudes towards conservation
Conservation knowledge within the floodplain was variable. One in two respondents
believed floricans were a protected species, however, analysis suggested results
were influenced by social desirability bias. Realistically, the respondents’ actual
level of conservation knowledge is probably much lower.

Taking into account these limitations, the findings still provide useful indicators of
conservation awareness. Knowledge of florican status and BFCA laws was highest
in Stoung-Chikraeng BFCAs, sites where the FA regularly conducts education
awareness and enforcement patrols, indicating that current management
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interventions may increase awareness of rules. Lower levels of awareness in other
BFCAs is concerning considering the level of protection afforded to these sites by
sub-decree. Unsurprisingly, florican declines were particularly high in these sites
(Mahood & Hong, 2013). A key limitation of this research is the absence of baseline
data, from which the impact of conservation activity can be measured. However,
findings from Sankor, a site with no protection and no conservation activity, provide
a credible counterfactual. Here, just 19% of respondents reported awareness of the
floricans protection status, compared to 73% in Stoung-Chikraeng BFCAs. Although
it was beyond the scope of this study to monitor impact of conservation activity, this
finding suggests current interventions such as enforcement patrols, education
workshops and signage, may have significant impacts on influencing local grassland
users’ knowledge.

The perceived impact of the creation of BFCAs was largely determined by
enforcement. In areas where in enforcement was stronger, communities had
stronger views. Research found that attitudes were most positive when communities
benefitted economically from BFCAs through PES schemes. However, the research
also identified inequality in the distribution of participation opportunities. Earlier
findings identified that adoption of DSR can lead to significant improvements in
household wealth, and thus current conservation interventions, which prevent
expansion of rice, may inflict substantial opportunity costs on local communities.
Tackling the opportunity costs inflicted on local people as a direct result of protected
area creation reflects a universal problem faced by managers in the broader
conservation community.

5.4 Broader relevance for conservation
The threats facing floricans are numerous and complex. Habitat is severely
impacted by livelihood change as local people abandon traditional agricultural
practices and adopt DSR. Modernization of agriculture reflects increases in wealth
across the floodplain, and facilitates faster habitat conversion. Underpinning local
change are national socio-economic trends and a progressive agricultural
development agenda. All these interactions take place in an impoverished system
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whereby local people depend on highly diverse livelihood strategies and natural
resources, including birds, for their survival.

Current florican conservation policy focuses on protecting remaining grassland
habitat through BFCAs. However, previous research and findings collated as part of
this study question the validity and effectiveness of this approach (Packman, 2011).
Despite enforcement efforts, BFCAs are still subject to loss of florican habitat, with
the areas thought to protect just 22% of the estimated florican population (Packman
et al., 2014). Traditionally, protected areas follow ‘land sparing’ approaches whereby
extensive patches of habitat are set aside for biodiversity protection, whilst
agriculture around the perimeter is intensified (Norris, 2008). Considering the low
levels of BFCA use by floricans, the rapidly evolving socio-economic context, and
the negative implications of agricultural intensification on floricans, complementary
approaches should be sought.

Land-sharing, whereby on farm practices are made as benign to wildlife as possible,
albeit with potential declines in yield, may present one such approach (Balmford et
al., 2005). To date, wildlife friendly farming has been largely confined to Western
agri-environment schemes, however, there have been increasing calls for
application in developing countries (Wright et al., 2012). This research revealed
concerns from local communities over pesticide use and desires to improve
agricultural sustainability. Supporting one crop DSR farmers to improve agricultural
practices could present an opportunity to pilot wildlife friendly farming in the
developing world. Whilst there remains much debate regarding the effectiveness of
such schemes (Norris, 2008), given the critical threat facing the florican and
grassland biomes in general, further research, particularly into sources of
sustainable finance, is greatly warranted.
5.5 Recommendations for future research:
Research uncovered several gaps in current knowledge, which would benefit
conservation managers:


Further research should be conducted to quantify the direct impact of dogs,
rats, cattle and noise pollution on florican hatching and breeding success,
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this would help to identify the most threatening activities and inform future
management strategies.


Due to the cryptic nature of the species, little is known about floricans use of
habitat or dietary preferences. Enhanced knowledge about key components
of florican diet, and habitat selection preferences, would identify the whether
floricans can adapt to low levels of DSR cultivation.



A major limitation of this study is that it only focuses on sedentary
communities living on the edge of grassland areas, and thus fails to capture
the activities of external stakeholders and transient communities living in the
floodplain. Further social research should be undertaken to assess the
impact of these stakeholders on grassland habitat and florican populations.



Research revealed that the ethnic Cham minority, and child cattle grazers
might undertake bird hunting; a study should be developed to capture the
perspectives of these stakeholder groups.



Current conservation interventions are based on the assumption that the
major driver of decline is habitat loss in breeding areas. However, relatively
little is known about threats and behavior of florican in non-breeding areas.
Further research should be undertaken to expand knowledge.

5.6 Recommendations for future interventions


Securing protected status for remaining patches of grassland habitat in
Sankor should be a conservation priority. Despite heavy fragmentation, this
site still has the largest area of grassland habitat and supports the largest
florican population.



Findings suggest that the current enforcement interventions implemented
around Stoung-Chikraeng BFCAs are having positive effects. Across all sites
engagement and consultation with local communities should be a priority,
alongside clearer demarcation of boundaries, regular enforcement patrols
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and market surveys. Education activities should be focused in sites such as
Sankor where people are most likely to hunt birds and awareness of florican
conservation is lowest.


Consideration should be given to the development of ‘land sharing’
approaches, which promote ‘Florican Friendly Farming’. Communities
demonstrated a clear need for technical guidance on implementing
sustainable agriculture including fertilizer use, soil conservation and water
management, which presents an opportunity to limit further damage to the
system. Development of conditional agreements in return for technical advice
could present a way of preserving grassland habitat and helping local people
to improve their livelihoods.



Land grabbing by concessionaires often results from an absence of local land
rights. Strategies that work with local communities to secure community land
titles, which have been successfully implemented elsewhere in Cambodia
(WCS, 2012), should be pursued in order to reduce vulnerability to external
threats.



Current rules associated with BFCAs limit opportunities for local
development. In order to be effective, conservation interventions must be
harmonized with socio-economic policies, which promote social development
(Norris, 2008). Opportunity costs, which may curtail economic growth or
constrain livelihood opportunities, must be adequately addressed in order to
prevent stakeholder discontent, and improve long-term viability.

This research presents an interesting case study of a rapidly evolving socioeconomic and ecological system in the developing world, and highlights the
challenges faced by a conservation sector struggling to keep up. Tropical
grasslands remain one of the most endangered biomes on the planet (Packman et
al., 2013), development of innovative mechanisms that protect biodiversity and
support local livelihoods whilst meeting wider agricultural agendas are desperately
needed. This study provides an enriched understanding of human dimensions within
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the Tonle Sap floodplain and demonstrates the value of social research for
conservation. Key findings suggest that with greater community collaboration, more
equitable distribution of PES benefits, and a balance of land sparing and sharing
approaches, challenges such as LUC and overexploitation could be overcome
within the floodplain.
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7. Appendices
Appendix 1: Land Cover, BF Population Data and map of BFMUs
Table A1.1: Land cover in WCS Bengal Florican Monitoring Units. Taken from (Mahood & Hong, 2013) . * indicates a study site
Monitoring unit

Area in ha Protection Status

Stoung-Chikraeng BFCAs *
Baray–Chong-Doung BFCAs *
Baray (including unprotected
areas)
Veal Srongai
Sankor *
Kouk Preah Beoung Trea
Krous Kraom *
Totals

Grassland

7,448 BFCA
9,883 BFCA
25,800 Previous IFBA plus additional
grasslands
8,198 Previous IFBA
16,637 Never Protected
12,544 Previous IFBA
4,600 N/A

Scrub Paddy

Other

60.3%

1.8%

37.8%

0.10%

69.1%
N/A

4.7%
N/A

26.2%
N/A

0
N/A

61.5%
38.2%
61.2%
N/A

30.8%
15.2%
0.4%
N/A

5.8%
45.1%
38.0%
N/A

1.8%
1.4%
0.05%
N/A

85,110

Table A1.2: Estimated number of male displaying Bengal Floricans in WCS Bengal Florican Monitoring Units. Taken from
(Mahood & Hong, 2013) . * indicates a study site
Monitoring unit
2007
2009
2010
2011
2012
2013
Population
Trend
66
(46–83)
37
(18–57)
66
(41–91)
37
(18–56)
46
(20–71)
75
(57–92)
Increasing
Stoung-Chikraeng BFCAs *
Baray–Chong-Doung BFCAs *
Baray (including unprotected
areas)
Veal Srongai
Sankor *
Kouk Preah Beoung Trea
Krous Kraom *
Totals

25 (5–54)
65 (19–111)

22 (5–39)
-

26 (5–46)
-

11 (0–24)
-

7 (0–18)
15 (0–32)

15 (0–30)
70 (47–94)

Decreasing
Unclear

32 (8–56)
91 (51–129)
30 (8–52)
17 (9–26)

5 (1–15)
-

4 (0–13)
-

17 (1–39)
-

4 (0–13)
55 (21–89)
31 (6–56)
0

13 (0–29)
76 (40–113)
0
0

Decreasing
Steady
Unclear
Extinct

326 (146511)

64 (24-111)

96 (46-150)

65 (19-119)

158 (47-279)

249 (144358)
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Figure A1.1: WCS Monitoring Units, includes grassland BFCAs, unprotected grassland sites & non-breeding BFCAs.
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Appendix 2 – Structured Interviews
Structured interviews with key informants Protocol
Objective
Through qualitative in-depth interviews with village chiefs who know what is going on in
the community, the objective is to collect information to inform village selection for the
quantitative phase of data collection.
The interviews will be the first structured activity carried out in the villages, and so
provide an initial introduction to livelihoods, geography, and interventions in the village.
Format and roles
There will be one interviewer who should not be interrupted between each section of the
interview. The other assistant will be the recorder/translator and stand behind with the
principal researcher(s). The main interviewer will be decided depending on the key
informant and their preference for interview.
Introduction
We are independent research students from Imperial College London in the UK. Through
our research, we would like to better understand your community and how it has
changed over the past years. There have been a lot of changes in the landscape of your
village and through our research we would like to get the local perspective on the
impacts that these changes have brought. The information we are collecting will be used
strictly for research purposes and will not be shared with any government organizations.
I will be asking you questions about your village history and activities. This should take
about 30minutes
You do not have to answer all of the questions; if you do not wish to speak about certain
topic, they will be skipped. If at any point during the interview you wish to stop the
discussion, please let me know and your information will not be used.
Do you agree to continue with this interview?

64

Recording respondent data (from observation/introduction)
Village
Respondent code
Sex
Occupation/positions/
affiliations
Marital status
Household members
Number of children
Children in school
1)

Household and village information
a) When was the village been created?
b) Number of households, families and people in the village? What is the average
household size (generally how many people in one HH)? How many females are
there? How many female headed HH are there?
c) Ethnicity (ethnic minorities, Khmer…): % of each group
d) Is the village growing or shrinking? Have people been migrating in or out of the
village? Why?

2)

Through the following exercise, we would like to understand some of the
main features of your village.
a) Is there a school in your village? If so what grade does it go up to? What
percentage of children from your village attend the school? What distance is it to
the nearest higher grade school? What percentage of children go on to that
school?
b) How many hand tractors are there in the village? How many large tractors?
c) How many wells and toilets in your village? How were they paid for?
d) Are there NGOs working in your village? If so, which ones and what do they do?

3)

What are the main activities of the communities?
a.
b.
c.
d.
e.

Agricultural – Dry-season rice and Wet-season rice
NTFPs – crickets, frogs, rats
Fishing
Cattle raising
Others – e.g. working in Thailand or Phnom Penh (garment factories)

- How do activities vary over the year? For rice, in which month is each different
rice type planted and which month is it harvested in?
- What are the main sources of income? Are there periods of no income? Which
activities are done for subsistence and which for commercial purposes?
- What percentage of people in the village do each livelihood activity?
- What year did most people start to farm dry-season rice?
- How much land do people have for each crop type? How many cows and buffalo
do people have?
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Appendix 3 – FGD protocol
Materials Required
Large Notebooks, Pens, Refreshments, Camera – ask for permission to use
Objectives
 To familiarize community with project team and research
 To explore changes to livelihood strategies over the last 10 years, with a specific
focus on rice cultivation
 To explore grassland use around villages & changes in grassland cover over the last
10 years
 Threats & future changes/challenges e.g. changes to weather etc
 To assess local communities knowledge of wildlife protection law and BFCA
 Future management of BFCAs
Definitions
The team must ensure that everyone is in agreement and understand the following
definitions:
 Household: A household should be an economic unit i.e. a group of people that
share their wealth. A household can be made up of co-resident and non-resident
members who are dependent upon the same financial and food resources. A
household could be more than one family, e.g. newly married children may stay in
the same household as their parents and not travel.
 Household head: The household head is the decision-maker, determining how
various assets should be allocated and consumption needs prioritized.
 Livelihood: A livelihood is a means of support or subsistence.
Delivering Focus Groups
Focus groups should be led by one person. Harriet will introduce herself with the focus
group lead translating on her behalf. One researcher should record the process and take
notes on what has been said, the third researcher will act as a translator for Harriet and
will help in observing the focus group.
Participant Selection
Focus groups will be held in every village upon arrival, after the initial interview with the
village chief. Discussions will involve approximately 6 people and should not last longer
than 90 minutes. It is expected that focus groups can be vulnerable to participants leaving
and newcomers joining in with the discussion. This will not be considered detrimental to
the dynamics of the conversation; however participants will be encouraged to stay.
Where possible FGDs will take part without the village chief present in order to reduce
bias, however, this may not always be possible. The village chief will select the
participants using the following guidelines:
- Men and women both represented if possible
- Lower and higher income households
- Villagers who have lived in the village for over 10 years
Introduction (10mins)
Hello. Thank you all for coming. Harriet is a student from the University of Imperial
College, London, England studying changes in land use in the area over the last ten
years. This discussion is to find out more about the livelihoods of villagers, to learn about
changes in rice cultivation and management of grassland habitat and future threats and
concerns you may have.
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Initial participatory Exercise - Village mapping – (20- 30 mins)
Firstly, we would like to find out about the use of land in and around the village and we
would like you to draw a map of the village.
Please would you be able to take us on a tour of the village and show us the key features,
e.g. roads, centre, wells, shops, transport links, schools, clinics etc.
After walking around the village please ask villagers to draw the village and label key
points.
Ask them to highlight different areas of land used for different activities e.g. rice paddies,
where the best land is etc.
Seasonal calendars (20-30mins)
Using the map you have drawn, I would now like you to list the livelihoods in your
community - put them on a basic seasonal calendar (e.g which months do people harvest
different types of rice? Which months are people not in the landscape? Which months do
people collect crickets/frogs/etc? which months are the highest flood levels?)
 List the challenges/ threats in relation to livelihoods in your community
 What are the main reasons people harvest DRS in your village?
 Why do some people not harvest DRS rice in your village?
Land Use Questions (following on from the starting questions above) (20 - 30mins)
1. Has rice cultivation changed in the last 10 years in your village? Are your activities the
same as 10 years ago?
2. Has the number of people that harvest rice in your village changed in the last 10
years? How has it changed? Why has it changed?
3. Have changes in rice cultivation affected your life for the better/or worse? What are
the good/bad things?
4. How has the grassland changed over the last 10 years? Why has it changed?
5. How has your use of the grassland changed over the last 10 years?
6. Has the flood regime of the lake changed in the last 10 years in your village? How
has it changed?
7. How has wildlife changed over the last ten years? Do you see more or less wild
animals and birds now? If so, which species?
8. Did the creation of the Bengal Florican Conservation Areas change your livelihoods in
anyway? For better/ or worse? Why?
9. Do you know of any laws that apply to them? And are you involved in their
management?
10. In the future what would you want your children to do?
11. What are your main concerns for the future?
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Appendix 4 - Household Questionnaire
Data entered by: Det / Setha / Ponlork / Harriet
On:
/
/2015

Interview ID:

.

Hello. My name is Harriet and I am an independent researcher from Imperial College, a university
in the UK. I am conducting some research into rice farming and livelihood activities in villages on
the floodplain, so that I can learn more about how people use the landscape and interact with
wildlife.
I would like to ask you about your life as part of a 30 minute survey. Participation in the survey is
completely voluntary, none of the information will be shared with other people in the village and
information provided will remain confidential.
As a token of appreciation for your time we will offer you a small gift of washing powder at the
end of the survey. If at any time you wish to skip a question, please say and we will. If you wish the
survey to stop at any time, we will finish immediately and the answers you provide will not be
used.
NOTE TO INTERVIEWER: For the purpose of this survey a HOUSEHOLD is defined as ‘an economic
unit that shares their wealth’. This should include household members that live away and send
back money to the household.
Would you be willing to participate in the survey? Yes / No
If no, record reason in notebook with date, village and house number. Then move on to the nearest
household.
Is it convenient to complete the survey now? Yes / No
If not, list details when is a convenient time:

Location Information
Date:

/

/2015

Village:

Survey Site (circle): Stoung-Chikraeng BFCA
Interviewer (circle): Setha / Det / Ponlork

Sankor

Baray BFCA

Krous Kraom/KPBT

Family Name:

.

Location of interview (circle): At home / In grassland / in rice paddy

1. Interviewee Characteristics
1.1 Gender (circle): Male / Female

1.2 Age:

1.3 Ethnicity (circle): Khmer / Cham/ Vietnamese / Other (please list):

.

1.4 Marital Status (circle): Married / Single / Widower / Divorced or Separated / Co-habiting
1.5 Education Level of Interviewee (please list Grade, 0 = no schooling):

.

2. Household Information
2.1 Is the interviewee the Head of household? Yes / No 2.11 If no, define status:
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2.2 Who looks after the finances in the household? Wife / Head of HH /
2.3 No. of people in the household:

2.4 No. of families in the household:

2.5 Excluding the interviewee, please list the age, gender and education level of everyone who
lives in the household:
a) Age (please circle)

2.50
2.51
2.52
2.53
2.54
2.55
2.56

b) Gender

c) Relationship

d) Education Level

to interviewee
(e.g. wife)

(grade)

<18yrs / 19-40yrs / 41-64yrs / 65+yrs
<18yrs / 19-40yrs / 41-64yrs / 65+yrs
<18yrs / 19-40yrs / 41-64yrs / 65+yrs
<18yrs / 19-40yrs / 41-64yrs / 65+yrs
<18yrs / 19-40yrs / 41-64yrs / 65+yrs
<18yrs / 19-40yrs / 41-64yrs / 65+yrs
<18yrs / 19-40yrs / 41-64yrs / 65+yrs

2.6 How many years have you lived in the village?

yrs

2.7 If you have lived in the village less than ten years (after 2005), why did you decide to move to
this village? N/A

3. Wealth Ranking Assessment
Please ask whether the household has the following features and circle the relevant answer.
0
3.1 What type of roof does your property have?
3.2 What are the walls of the property made of?
3.2 Does your property have it’s own toilet?
3.3 Does your property have it’s own well?
3.4 Do you own TV?
3.5 Do you own any land?
3.6 If you own land, how many ha’s?

No
No
No
No
0

1
Thatch
Palm
Yes
Yes
Yes
Yes
<1ha

2
Zinc
Zinc

3
Tile
Wood

4

1-3ha

4-7ha

>8ha

Bricks

3.7 How many parcels of land do you own?
3.8 (Calculate after interview) Wealth Ranking Score:

/ 15 .

4. Unmatched Count Technique
Introduction – We are now going to play a short game about different types of food.
I’m going to give you a card (DO NOT GIVE CARDS UNTIL FULLY EXPLAINED GAME), and on the card
will be some pictures. I want you to tell me how many of the things pictured you have eaten in the
last year. I don’t want to know which ones, that is not important. Just how many of the pictures.
All the cards are about things you can eat.
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The first card is a warm up and is about fruit…. (Warm up question)
Shuffle the cards face down and ask them to chose one card.
Remind them you do not want to know which pictures, just the number.
Tick which card was chosen:
Control
Treatment
If they do say the names of pictures, remind them they cannot and repeat the test until they
remember not to speak. This may take 2-3 goes.
How many of these types of fruit have you eaten in the last month?

4.1 The next card is about eggs
Shuffle cards face down (NOT with pictures). Ask the respondent to choose one card. Remind them
not to tell you.
4.11 Tick which card was chosen:
Control
Treatment
4.12 How many of the eggs pictured have members of your household collected to eat in the last
12 months?
4.2 The next card is about different types of wild meat
Shuffle cards face down (NOT with pictures). Ask the respondent to choose one card. Remind them
not to tell you.
4.21 Tick which card was chosen:
Control
Treatment
4.22 How many of the animals pictured have members of your household caught to eat in the last
12 months?

5. Basic Necessities Survey
This section is divided into two stages. First go through the list of items and ask:
5. 1) Which of these items do you think are basic necessities, things that everyone in the
community should have and no-one should be without?
Then, once the list is completed, ask
5.2) which of these items does your household currently have?
Item

5.1) Are these items a
necessity? Yes = 1, No = 0

5.2) Do you currently own/have them?
Yes = 1, No = 0

a) 3 meals a day
b) Access to loans
c) Electricity
d) TV
e) Fish in every meal
f) Electric Fan
g) Meat (not fish) 1X week
h) Mosquito net
i) Hand tractor Koy yun
j) Bicycle
k) Well next to house
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l) Toilet in house
m) Proper tractor
n) Motorbike
o) Bucket
p) Buffalo
q) Mobile phone
r) Radio
s) Access to internet
t) Cooking utensils

6. Livelihoods – Rice Farming Overview
6.1 What is the Household’s main occupation? By main occupation I mean the activity that
contributes most to the household's ability to survive (please tick)
Rice Farming
Cattle Farming
Migrant work
Sell labor

Duck Farming
Fishing
Rat/frog/cricket Collecting
Other (list)

6.2 Do you farm rice? (circle) Yes / No
If interviewee farms rice, complete the sections below. If not, skip to section 10 and complete the
relevant sections.
6.3 Main type of Rice Farming
6.31 What types of rice do you grow? (tick all that apply)
Dry Season
Wet Season
Deep Water
6.32 What rice do you grow the most of? (tick only one)
Dry Season
Wet Season
Deep water
6.33 What is the most important type of rice you grow? (tick only one)
Dry Season
Wet Season
Deep water
Deep Water
6.34 Why is this the most important?

6.40 Do you use pesticides on your rice? (circle) Yes / No
6.41 If yes, when did you start using pesticides?

N/A

(List year e.g. 2005)

6.42 How many Litres of pesticide do you use? (if none, write 0)

L

7. Wet Season Rice Farming
The following questions should all relate to WET SEASON RICE if they do not grow, skip to section 8.
7.1 How many km away from the village do you plant WSR?

km
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7.2 How many ha of WSR do you harvest?

ha

7.3 Complete table below regarding rice sowing & harvesting. Ask for the month they complete
activity, and if they give time in month please record e.g. E = early, M = mid, L = late March, If they
do throughout, just write month.
Normal Flood
Low Flood (e.g.2011) High flood (e.g. 2014)
6.31 When do you sow WSR?

E/M/L

E/M/L

E/M/L

6.34 When do you harvest WSR?

E/M/L

E/M/L

E/M/L

8. Dry Season Rice Farming
The following questions should all relate to DRY SEASON RICE if they do not grow, skip to section 9.
8.1 What variety of DSR do you use? (circle)
Rice that respects season / Rice that does not respect season
8.2 How many ha of DSR do you grow?

ha

8.30 Where do you grow DSR rice?
8.31 Land ownership (circle): On own land / on rented land
8.32 Proximity to house (circle): In village / close to village / near lake / other (list):

8.33 How many km away from the village?

km

8.34 Which direction (circle): North / East / South / West
8.5 Complete table below regarding rice sowing & harvesting. Ask for the month they complete
activity, and if they give time in month please record e.g. E = early, M = mid, L = late March, If they
do throughout, just write month.
Normal Flood
Low Flood (e.g.2011)
High flood (e.g. 2014)
8.51 When do you
sow DSR?

E/M/L

E/M/L

E/M/L

8.54 When do you
harvest
DSR?

E/M/L

E/M/L

E/M/L

8.6 What do you use DSR for? (circle) To eat / to sell

9. Rice Threats
9.1 What factors affect your rice harvests? (this applies to all types of rice)
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9.2 If your harvest fails, what to do you to survive?

9.3 In months you do not farm rice, how do you spend your time? (record information on
activities, if go to sell labor, what kind of labor?)

10. Livelihoods – other activities
10.1 Ask whether they do any of these activities (Tick all that apply)
Cattle farming
Fishing
Duck Farming
Migrant work/Sell labor

Rat Catching
Cricket/grasshopper collecting
Frog collecting

Please ask the relevant questions for other livelihood activities. Remember, when asking where
people do things to record distance from village, type of habitat.
10.2 Cattle farming
10.21 How many cattle do you have?
10.22 Where do you graze cattle?
10.23 Who looks after cattle when grazing?

No-one

10.3 Duck farming
10.31 How many ducks do you own?
10.32 Where do you graze ducks?
10.33 Who looks after ducks when they are grazing? No-one
10.4 Fishing
10.41 Where do you catch fish?
10.5 Cricket/Grasshopper collecting
10.51 Where do you collect crickets?

.

10.52 How often do you collect crickets?

Times per month.

10.53 How do you catch them?
10.54 What do you use them for? (circle)

.
to sell / to eat

10.55 Who is the main person in your household who collects crickets?
10.6 Rat catching
10.61 Where do you catch rats?
10.62 How often do you catch rats?
10.63 How do you catch them?

.
Times per month

.
.
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10.64 What do you use them for? (circle)

to sell / to eat

10.65 Who is the main person in your household that catches rats?
10.7 Frog collecting
10.71 Where do you collect frogs?
10.72 How often to you collect frogs?

Times per month.

10.73 How do you catch them?

.

10.74 What do you use them for? (circle)

to sell / to eat

10.75 Who is the main person in your household who collects frogs?

.

10.8 Migrant work
10.81 Who in your household does migrant work?
10.82 Where do they go to work?

Thailand / Phnom Penh / Other (list):

10.83 How many years ago did your household first start migrant work?

Years ago

11. Birds
11.1 I would now like to ask you some questions about birds that live in area around when you
live. (Show the respondent bird identity cards, face up.) Which of the bird types you have seen in
areas around where you live and farm in the last year? (Record information on frequency,
location & habitat type.)
Card No & Seen bird in How often?
Location where they
Type of habitat bird is
4 = Every day
Bird
last year?
see bird
in
3 = Few times/month (km from village &
WSR paddies / DSR
Species
2 = Every few months
1 = Few times a year
0 = Never

#1 Sarus
Crane
#2 Asian
open bill
Stork
#3 Spot
billed duck
#4 Bengal
Florican
#5 Button
Quail
#6 Giant
Ibis

direction, or name of
area if there is one)

paddies / scrub areas /
Grassland / other (please
list)

Yes / No
Yes / No

Yes / No
Yes / No
Yes / No
Yes / No

Show the respondent bird picture cards.
11.2 Have any members of your household tried to catch any of these bird species in the areas
where you live and farm in the last 12 months (circle)? Yes / No
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If the participant answers NO - ask
11.21 if no, please could you tell me why you have not tried to catch any of these birds in the last
12 months?

Now go to Q11.4
If the participant answers YES -ask
11.3 If yes, please could you tell me which of the birds pictured in the cards you have tried to
catch in the last 12 months, and which of these you succeeded in catching? (tick all relevant)
Tried to catch Caught
Tried to catch Caught
#1 Sarus crane
#4 Bengal Florican
#2 Open bill Stork
#5 Button quail
#3 Spot billed duck
#6 Giant ibis
11.31 When was the last time you succeeded in catching this bird?
11.32 Can you tell me how you caught the bird?

11.33 Why did you try to catch this bird? (circle)

To eat / to sell.

To eat / to sell.

11.4 Do you know if any of the birds pictured are protected? Yes / No / Don’t know
11.5 If yes, which ones? (circle all that apply)
Sarus crane / Open bill Stork / Spot billed duck / Bengal Florican / Button quail / Giant ibis

REMEMBER TO CHECK THE QUESTIONNAIRE FOR ANY BLANK SPACES BEFORE YOU
LEAVE THE HOUSE!
This is now the end of the questionnaire. Thank you very much for your time and answers. As a
token of our appreciation, please accept this small gift from us. Thank you once again.
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Appendix 5 – UCT Cards. Examples of UCT for Trial Question (all cards used in the study were A4 in size, treatment & control cards
were not labeled during surveys)

Treatment

Control
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Example of UCT cards for the egg-collecting question

Treatment

Control
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Example of UCT cards for the wild meat question

Treatment

Control
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Appendix 6 – Bird picture cards: Bird identification cards used in direct questioning
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Appendix 7 – Statistical Analysis
Table A7.1: BNS Weightings for each basic necessity. Items in grey were excluded from the
overall weighting due to the too few people who considered them a necessity (<50%)
No. of HH who
consider necessity
501
451
483
347
552
307
423
611
572
565
591
583
149
585
609
386
580
432
31
609

Item
3 meals a day
Access to loans
Electricity
TV
Fish in every meal
Electric Fan
Meat 1x a week
Mosquito net
Koyun (hand-tractor)
Bicycle
Well next to the house
Toilet in house
Proper Tractor
Motorbike
Bucket
Buffalo
Mobile Phone
Radio
Access to internet
Cooking utensils

% of HH who consider
necessity
0.814
0.733
0.785
0.564
0.897
0.499
0.687
0.993
0.930
0.918
0.961
0.948
0.242
0.951
0.990
0.627
0.943
0.702
0.050
0.990

Table A7.2: BNS Summary figures for surveyed population. HH=Households
Summary
Maximum Score
17
Mean Poverty Score
8.7
Mean Poverty Index
51.7%
No. of HHs below poverty line
423
% of HHs below poverty line
69%

Table A7.3: Univariate statistics showing socio-economic characteristics of surveyed
population
Dependent
Independent
Test
Signif.
variable
variable
***
Poverty Index
HoH Gender
Mann Whitney U, W = 0, p+ < 2.2e-16

Gender

Education

Spearmans Rank, rho 0.288, S = 277, p = 3.11e-13

***

Education

Mann Whitney U, W = 35659.5, p = 7.817e-08

***

Significance codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’
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Variable

Data type

Variable type Description

Summary Stats (range, median, mean,
standard deviation)
21.4%-84.9% (51.5%, 51.7%, 12.5%)

Poverty Index

Continuous

Response

Indicator of household wealth calculated from BNS score
(%)

HoH Gender

Categorical

Explanatory

Gender of the head of household in the home surveyed

n=616, Male: 522, Female: 54

Gender

Categorical

Explanatory

Gender of respondent answering the questionnaire

n=616, Male: 326 Female: 290

Education

Categorical

Explanatory

Number of years of formal education received by the
respondent

0yrs-12yrs, (2yrs, 2.98yrs, 3.03yrs)

Age

Continuous

Response

Age in years of respondent answering the questionnaire

19yrs-77yrs, (46yrs, 46.3yrs, 12.6yrs)

Type of Crop

Categorical

Explanatory

The type of rice crop grown by a farmer (none, DSR,
WSR, WSR & DSR)

n=616, none:110, WSR:261, DSR:136,
DSR & WSR:109

No. of DSR crops

Categorical

Explanatory

The number of DSR crops grown a year (0-3)

n=616, no crops: 370, 1 crop: 132, 2
crops: 112, 3 crops: 2

Site

Categorical

Explanatory

The nearest grassland area to the village

See Table 3:2 in section 3.Methods

Village

Categorical

Explanatory

Name of the village

See Table 3:2 in section 3.Methods

Rice farmer

Binary

Explanatory

Whether the respondent’s household farmed rice

n=616, Yes: 506, No: 110

DSR farmer

Binary

Explanatory

Whether the respondent’s household farmed DSR

n=616, Yes: 246, No: 370

WSR farmer

Binary

Explanatory

Whether the respondent’s household farmed WSR

n=616, Yes: 370, No: 246

Fisher

Binary

Explanatory

Whether the respondent’s household fished

n=616, Yes: 411, No: 205

Cattle grazer

Binary

Explanatory

Whether the respondent’s household grazed cattle

n=616, Yes: 314, No: 302

Cricket collector

Binary

Explanatory

Whether the respondent’s household collected crickets

n=616, Yes: 116, No: 500

Frog collector

Binary

Explanatory

Whether the respondent’s household collected frogs

n=616, Yes: 241, No: 375

Rat catcher

Binary

Explanatory

Whether the respondent’s household caught rats

n=616, Yes: 144, No: 472

Seen BF

Binary

Response

Whether the respondent saw a BF in the last year

n=616, Yes: 179, No: 437

Bird hunter

Binary

Response

Whether anyone in the respondents household caught a
bird in the last year

n=616, Yes: 53, No: 563

Table A7.4 Variables used in univariate statistics and statistical modeling.
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Table A7.5: ANOVA results showing association between No. of DSR crops and
Poverty Index. Using 1 crop as the intercept
Estimate
1 crop (Intercept)

SE

t value

P value

0.549

0.010

51.588

< 2e-16 ***

-0.056

0.012

-4.560

6.17e-06 ***

2 crops

0.006

0.015

0.442

0.659

3 crops

-0.064

0.087

-0.744

0.457

None

Significance codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’

Table A7.6: Welch’s 2 sample T-tests comparing mean difference in household
wealth for different livelihood activities (95% confidence intervals)
Response variable:
Poverty Index (df=615)
Mean=Yes
0.517

Mean=No
0.516

t
-0.086

df
402.171

P-value
0.930

DSR farmer

0.552

0.493

-5.916

533.679

5.887e-09

***

WSR farmer

0.531

0.495

-3.501

524.734

0.000

***

Cattle grazer

0.545

0.487

-5.881

613.548

6.676e-09

***

Frog collector

0.509

0.521

1.112

518.935

0.266

Cricket collector

0.543

0.510

-2.629

178.351

0.009

*

Rat catcher

0.553

0.505

-3.954

231.855

0.000

***

Migrant work

0.506

0.526

1.978

613.247

0.048

Explanatory Variable:
Fisher

Significance codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’
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Table A7.6: Explanatory variables tested individually against BF sightings in
binomial GLM
Response variable:
BF sightings (df=615)
Explanatory Variable:
Gender

Estimate
-1.474

SE
0.150

P -value
< 2e-16

***

0.999

0.189

1.23e-07

***

-1.929

0.356

6.29e-08

***

2.471

0.420

4.10e-09

***

-0.543

0.531

0.306

Krous Kraom

0.440

0.410

0.282

Sankor

1.255

0.394

0.001

Stoung BFCA

2.013

0.459

1.16e-05

***

-1.153

0.149

1.11e-14

***

0.419

0.186

0.024

-1.149

0.121

< 2e-16

***

0.599

0.179

0.000

***

-1.037

0.130

2.27e-15

***

0.276

0.178

0.121

-1.297

0.170

2.43e-14

0.582

0.199

0.003

-1.167

0.121

< 2e-16

***

0.649

0.180

0.000

***

-1.130

0.104

< 2e-16

***

1.096

0.212

2.61e-07

***

-1.021

0.104

<2e-16

***

0.510

0.201

0.011

*

-1.140

0.378

0.002

**

0.477

0.708

0.499

Intercept
male

Site

Baray ref
Chikraeng BFCA
Chong Duong BFCA

WSR farmer

Intercept
Yes

DSR farmer

Intercept
Yes

Cattle grazer

Intercept
Yes

Fisher

Intercept
Yes

Frog collector

Intercept
Yes

Cricket collector

Intercept
Yes

Rat catcher

Intercept
Yes

Poverty Index

Intercept
Poverty Index

**

*

***
**

Significance codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’
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Table A7.7: Explanatory variables tested individually against Bird hunters in
binomial GLM
Response variable:
Bird hunting (df=615)
Explanatory Variable:
Gender

Estimate
-2.981

SE
0.273

P -value
< 2e-16

***

0.985

0.322

0.002

***

Baray ref

-2.818

0.514

4.36e-08

***

Chikraeng BFCA

-0.513

0.781

0.510

Chong Duong BFCA

0.179

0.666

0.787

Krous Kraom

0.600

0.578

0.298

Sankor

1.004

0.563

0.074

Stoung BFCA

-0.317

0.886

0.720

Intercept

-2.424

0.233

<2e-16

0.101

0.296

0.732

-2.427

0.190

<2e-16

0.156

0.290

0.591

-2.543

0.221

<2e-16

0.332

0.291

0.254

-2.870

0.309

<2e-16

0.696

0.350

0.046

-2.824

0.224

< 2e-16

0.948

0.294

0.001

-2.442

0.164

<2e-16

0.372

0.337

0.269

-2.690

0.188

< 2e-16

***

1.029

0.295

0.000

***

Intercept

-0.182

-0.34

0.731

Age

-0.050

-3.974

Intercept

-2.490

Intercept
Male

Site

WSR farmer

Yes
DSR farmer

Intercept
Yes

Cattle grazer

Intercept
Yes

Fisher

Intercept
Yes

Frog collector

Intercept
Yes

Cricket collector

Intercept
Yes

Rat catcher

Intercept
Yes

Age

Education

***

***

***

***
*
***
**
***

7.05e-05

***

0.207

<2e-16

***

0.040

0.045

0.37

Intercept

-2.232

0.604

0.000

Poverty Index

-0.253

1.143

0.824

Age
Poverty Index

.

***

Significance codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’
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Appendix 8 – Forestry Administration Market Survey Reports
Table A8.1: Reports of wild bird meat in traded local markets made by FA officers between January 2014-May 2015

Month
Jan-14
Feb-14
Mar-14
Apr-14
May-14
Jun-14
Jul-14
Aug-14

Markets Surveyed
Kompong Thnalbaek
Thom
-

Sep-14
Oct-14
Nov-14
Dec-14
Jan-15

-

-

-

-

-

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

No
No
No
No
Yes

Feb-15
Mar-15
Apr-15
May-15

-

-

-

-

-

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

No
No
No
Yes

Srayov

Rumlong

Prolay

Stoung

-

Tangkrasang
-

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Kompong
Kdei
-

Wild bird meat
for sale?
No
No
No
No
No
No
No
Yes

-

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Details

Forest birds identified &
confiscated in Kampong
Chin North market

Small-water-birds in
Kompong Chen Tbong
market, warning given.

Grassland birds, Stoung
Market, warning given
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