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ABSTRACT
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Cambodia is a poverty-stricken country whose rural residents rely heavily on natural
resources from Southeast Asia’s largest freshwater lake, the Tonlé Sap. Some experts are
concerned anthropogenic and climate changes threaten this resource. The purpose of this
research is to explore livelihoods and the extent to which fishers perceive their livelihoods to be
changing in order to better understand strategies for managing the Tonlé Sap. This research is
based on a household survey (N=181) in Pursat Province, a fishery dependent province on the
southwest shore of the lake, to understand: 1) current livelihood strategies; 2) household
demographics; and 3) how fishers perceive changes to fish populations. The results suggest: 1)
there is a broad perception that fish catches have remained stable but that there has been a
decrease in fish size and species diversity; and 2) most fishing households are resistant to change
their livelihood strategies and “locked” into fishing.
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Chapter One: Introduction
1.0 Background Context
This thesis presents the results of research undertaken in the Tonlé Sap Lake in
Cambodia. The lake is part of the Mekong Basin, a river system that traverses six different
countries including Cambodia; each country is in various development stages and has different
involvements with the Mekong (Campbell, 2009). In Cambodia, the Tonlé Sap Lake is
connected to the Mekong River via the Tonlé Sap River (Hortle, Lieng, & Valbo-Jorgensen,
2004). The lake has an annual flood pulse, causing an exchange of nutrients between the
floodplain and the hydrological system, and its ecosystem has uniquely adapted to the seasonal
flooding (Junk, Bayley, & Sparks, 1989). During the wet season, the river reverses and floods
approximately 1.25 million hectares of forest and agriculture land within the floodplain
(Bonheur & Lane, 2002; Roshko, 2011). Forests in the floodplain have adapted to survive with
the increase in height of the lake - approximately 1 metre during the dry season, to
approximately 10 metres during the wet season (Bonheur & Lane, 2002; Hortle et al., 2004).
These flooded forests are an important breeding and spawning area for many fish species
(Bonheur & Lane, 2002). Approximately five hundred species migrate from the lower basin to
the lake during the wet season, many leaving with the retreat of the water at the end of the
season (Bonheur & Lane, 2002; Hortle et al., 2004). However, there have recently been changes
to the fish population in the basin. There have been decreases in fish catch as the result of
anthropogenic activities including management of the fisheries, the use of illegal fishing gear,
and deforestation of important spawning areas (Nuorteva, Keskinen, & Varis, 2010).
Additionally, development throughout the basin has resulted in various alterations to the
hydrological system itself, such as the erection of infrastructure. Impacts from dam construction
are felt throughout the basin, not just where the construction is located (Beck, Claassen, &
Hundt, 2012). Dams, dykes, and floodgates are obstructions for the migration of fish to the lake
(Hortle et al., 2004). Infrastructure will decrease the lake height, and the duration and intensity
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of the flooding (Kummu & Sarkkula, 2008). Forecasting by Keskinen et al. (2013) has predicted
that increases in water height during the dry season will result in a loss of 80% of the flooded
forest. The changes in the lake could also lead to a decrease in lake productivity and a 50%
decrease in fish populations by 2040 (Keskinen et al., 2013).
Most of the population of Cambodia lives in the floodplain of the lake and relies on
natural resources (Bonheur & Lane, 2002). Approximately 80% of daily animal protein intake,
and a majority of the calcium necessary for bone development, come from fish in the lake
(Hortle et al., 2004). About 25% of fish intake comes from migratory fish and 79% of annual
fish catch comes from freshwater fisheries (Baran et al., 2014). While there are almost 500
species of fish in the Mekong Basin, fishers only catch approximately 10 of them (Hortle et al.,
2004). Floating villages in the lake are predominantly fishing households: with limited access to
resources, education, livelihood options, and land, these households are heavily reliant on the
fish populations and are very vulnerable to ecological changes (Nuorteva et al., 2010). This
limited adaptive capacity - a household's ability to alter their strategies to maintain their
livelihoods in the face of change - makes the future of fishing households uncertain.
Because of decades of political turmoil in Cambodia, there is little recorded data about
the Tonlé Sap Lake. A lack of information makes it difficult to understand the extent to which
fish populations and livelihoods have been altered overtime. While many research groups and
organizations are now collecting these data, there is little interaction and cooperation between
them (Varis & Keskinen, 2003). This means that much of the research focuses on a single
component, rather than acknowledging how complex and integrated the ecosystem is. Of the
data that is collected, there is a disconnection between the ecological and socioeconomic data,
making it difficult to integrate; however, the socioeconomic information available is generally
weaker due to its lack of spatial components (Salmivaara, Kummu, Varis, & Keskinen, 2015).
Consequently, it is important to fully understand how the area is changing by examining all the
factors that contribute to livelihood changes and by collecting data to contribute to the gap in
information.
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1.1 Purpose and Objectives
The Tonlé Sap Lake is a highly valuable, complex, and sensitive resource, both to the
local inhabitants and to the biotic system. Its value is not contested, which has resulted in
extensive research into the various components that interact with the hydrological system. While
there is a lot of information being collected about the natural system, the data on fishing
households is not always complete or reliable. As many households do not consider themselves
fishers unless it is their primary occupation, fishing is not always accurately reported in the
census (Salmivaara et al., 2015). Research needs to understand the current livelihood strategies
of fishers and their understanding of changes to fish populations in the Tonlé Sap Lake. In order
to develop strategies to manage changes, there is a need to understand how fishers will adapt to
changes in the lake (Cinner, Daw, & McClanahan, 2009). With that in mind, the aim of this
thesis is to understand the current livelihood strategies of fishers in and around the Tonlé Sap
Lake and how they perceive changes to fish populations. In order to develop an understanding of
fishing livelihood strategies and how these practices influence fishers' understandings of fish
populations in the lake, the two objectives for this project are:
1. To use inferential statistics and Geographical Information Systems (GIS) to model
characteristics of livelihood strategies of fishing households in Pursat Province.
2. To use inferential statistics to relate households' perceptions of changes in fish
populations in the Tonlé Sap Lake to characteristics of households and their fishing
strategies.

This research project will contribute knowledge for policy development, reduce the
knowledge gap about the lake, and integrate natural science theories with socioeconomic data.
Knowledge of livelihoods can help authorities and non-governmental organizations operating in
the basin develop better resource management strategies for current and future lake and forest
resources. This research is part of a collaborative partnership: not only will it contribute to filling
this gap, but also it may provide insight for other partners. The results of the study will inform
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other members of the research group where knowledge gaps remain, and will identify potential
areas of importance for the fishing industry. Finally, the methods developed here may be further
expanded and used in other provinces examined by the research team.
1.2 Structure of the Thesis
This thesis will begin by providing an overview of the literature; this review begins with
a summary of current understandings of the impacts on the biophysical system of the lake
including dam development, deforestation, and climate change, and then summarizes current
understandings of fishing livelihood practices in Cambodia, as described in the literature.
Chapter Three will describe the methodologies used. This section will explain how the
participants were selected and how the data were analyzed. It will also delve into how the
demographic variables used in this study were developed, and describe the rationale for their
incorporation. Chapter Four will summarize the results of Objective One; it will describe fishing
strategies used in and around the lake, including where fishers fish, and what type of gear is
used. Chapter Five will summarize the results of Objective Two; it will describe fishing
households’ opinions about changes to the quantity, size, and number of fish species they catch.
Additionally, it will examine how households plan to adapt to the perceived changes. Chapter
Six will explore the main themes uncovered in this research in greater depth and the relationship
with other academic findings. These themes include how perceptions of fish changes relate to the
indiscriminate fisheries theory, how households will adapt to changes, the development of
wealth indicators in developing countries, and the integration of quantitative methods in
qualitative research. Finally, the last chapter of this thesis describes the academic implications of
this study and potential areas for future research.
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Chapter Two: Literature Review
2.0 Background
The Tonlé Sap Lake is not only the largest freshwater lake in Southeast Asia (Mensher,
2006), it is also the largest natural reservoir of water in the Mekong Basin and one of the most
productive ecosystems in the world (Varis & Keskinen, 2003). Flooding during the wet season
contributes to the nutrient cycle and fish reproduction (Mensher, 2006). Over 50% of the water
in the lake comes from the Mekong system, 52% from discharge, and 5% from flooding
(Kummu & Sarkkula, 2008; MRCS/WUP-FIN, 2006). The water exits the lake during the dry
season and is eliminated into the South China Sea (Day et al., 2011). The process is reversed
during the wet season (May to October), causing the water from the basin to enter the lake (Day
et al., 2011). Monsoons southwest of the Mekong River cause the water in the river to rise
rapidly, forcing the water to reverse into the Tonlé Sap Lake (Keskinen, 2006).
The importance of the Tonlé Sap Lake is best described by Junk et al.'s (1989) flood
pulse concept. This concept examines the fluctuation between terrestrial and aquatic ecosystems;
it suggests a highly productive ecosystem with the annual Mekong monsoon flooding as the
driving force (Junk et al., 1989; Kummu & Sarkkula, 2008; Day et al., 2011). Flood pulses are
vital for the productivity of the ecosystem as it transports nutrients between the terrestrial and the
aquatic ecosystem, resulting in an increase in fish populations and biodiversity (Lamberts &
Koponen, 2008; Arias et al., 2012; Day et al., 2011). The importance of the Tonlé Sap Lake was
recognized when it was designated as a biosphere reserve under United Nations Educational,
Scientific and Cultural Organization (UNESCO) (Bonheur & Lane, 2002). The unique flood
pulse in the Tonlé Sap makes the floodplain a rich ecosystem with a plethora of biodiversity.
Areas of the floodplain that are flooded for approximately three to four months have the
maximum species diversity (Arias., Cochrane, Killeen, & Khon, 2013). This species richness
decreases in areas with more or less flood exposure (Arias et al., 2013). It is estimated that there
are between 200 and 800 different species of fish in the basin, including some rare ones
(Mensher, 2006). According to the Kingdom of Cambodia (2006), approximately 32% of the
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population relies on the Tonlé Sap Lake for its fishery; but despite the abundance of fish species,
40-60% of the population around the lake is still impoverished (Mensher, 2006). The fishery
industry and rice production are important components for the Tonlé Sap Basin inhabitants'
livelihoods (Varis & Keskinen, 2003). Additionally, many people in the floodplain rely on cash
crops, which are possible because of irrigation from the lake, rich soils, and favourable climate
in this region (Belay, Haq, Chien, & Arafat, 2010). Many rural people have become dependent
on the lake for its diversity of fish species, water resources, and natural fertilization.
The challenges of managing this important biophysical resource are compounded by both
the region's history and its politics. Cambodia has suffered from three decades of unrest and
turmoil (until 1990); this troubled past included the Indo-Chinese War, parts of the Vietnam
War, and genocide by the Khmer Rouge (Varis & Keskinen, 2003). Consequently, Cambodia
has more active ordinances in their soil than most countries worldwide (Varis & Keskinen,
2003). Today, there is still corruption in Cambodia, and the governments remain weak, but the
situation is improving (Varis & Keskinen, 2003).
With multiple political bodies on local, national, and international levels involved, there
are issues with cooperation and communication in the Mekong Basin (Sokhem & Sunada, 2006;
Sokhem & Sunada, 2004). The Tonlé Sap Lake is located in the lower portion of the Mekong
Basin, a river system that traverses six countries in Southeast Asia: China, Thailand, Myanmar,
Lao PDR, Cambodia, and Vietnam (Varis & Keskinen, 2003). With the sheer size of the basin,
there are multiple levels of governing bodies developing policies and management strategies for
the Mekong; every decision, whether management or development, impacts communities
downstream. Problems with management are heightened by growing populations, poverty, poor
governments, and a history of unrest (Belay et al., 2010).
In 1995, an agreement to use resources sustainably was signed by officials of the Lower
Mekong River Basin, but not by Myanmar or China (Belay et al., 2010). China has already made
major modifications to the basin and has plans to further establish large hydro dams (Belay et al.,
2010). Within Cambodia, there are also many isolated groups attempting to manage the basin
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and the country; their efforts are resulting in a number of conflicts (Sokhem & Sunada, 2006).
Many of the policies are implemented top-down, resulting in poor outcomes at the local level
and little inclusion of the inhabitants affected by them (Sokhem & Sunada, 2006). Unfortunately,
many of the major stakeholders have their own priorities (Sokhem & Sunada, 2006).
These are extremely significant issues because of the extent to which the people who live
on the lake depend on it as the basis of their livelihood. Cambodian society has unequal access to
resources and education, a result of political unrest, government corruption, improper resource
management, and disorder (Keskinen, 2006; World Bank, 2004). Economic development and
increasing population has led to issues of food security, and a lack of access to land and natural
resources (Scheidel, Giampietro, & Ramos-Martin, 2013). A large percentage of the Cambodian
population is uneducated and living in poverty (Mensher, 2006). The economy has become
reliant on fishing and agriculture (Varis & Keskinen, 2003). Currently, 80% of the population is
rural, and 75% is actively involved in fishing, farming, hunting, and forestry (Scheidel et al.,
2013). The Cambodian Government has put a large emphasis on these rural activities in its
development plans and attempts to alleviate poverty.
During the twentieth century, there was an increase in alterations to the Mekong
hydrological system; this trend is expected to continue at a slower rate in the twenty-first century
(Kummu & Sarkkula, 2008; Penny, 2008). The construction of large dams, alterations to the
channels for improved navigation, flood-control, and land-use change resulting in erosion in
other countries, all have serious implications for the Tonlé Sap hydrological system (Sokhem &
Sunada, 2006). Development and alteration to the Mekong Basin have impacts downstream on
the Tonlé Sap Lake; therefore, the lake encounters an accumulation of threats from multiple
countries. Within the Mekong Basin, there is already evidence of erosion and changes to water
patterns, such as currents, and abnormal flooding (Belay et al., 2010). Presently, there is visible
evidence of changes in the lake.
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2.1 Impacts on the Biophysical System
2.1.0 Impact of Dams
Many scholars (ex. Beck et al., 2012, Day et al., 2011, Arias et al., 2012, and Belay et al.,
2010) are worried that infrastructure development, and in particular building dams on the
Mekong, will place pressure on fishing and agriculture livelihoods of the area. This is because
dams may affect the extent to which water is recycled in the region, which is critically important
as the Tonlé Sap Lake contains and recycles large quantities of water each year. Current
statistics say there is a discharge of 10,000 m3/s of water from the Tonlé Sap Lake between JuneOctober (Inomata & Fukami, 2008; Arias et al., 2012). The lake ranges in depth from 1 metre to
14 metres depending on the season (Yen, Sunada, Oishi, Ikejima, & Iwata, 2009). The amount of
water during the different seasons is a main component of the uniqueness of this lake. In
Southeast Asia, development attempting to alleviate poverty is occurring. Of particular concern
for the Tonlé Sap Lake is the development occurring in the countries upstream in the Mekong
Basin. China is currently trying to develop ship navigation routes by removing reefs, shoals, and
other features that impede navigation as part of the Quadripartite Agreement on Commercial
Navigation (Sokhem & Sunada, 2006). Evidence has shown that development of the basin is
substantially decreasing fish populations in the Tonlé Sap Lake. After the establishment of
Vietnam's Yali Falls Dam, the fish harvest downstream in Cambodia saw a 30-60% decrease in
the quantity of fish (Beck et al., 2012; Baird & Mean, 2005). Infrastructure development such as
dams and improvement to navigation systems can impact marginalized people who are reliant on
watershed resources for their livelihood (Beck et al., 2012).
The impacts of dams are felt throughout the basin, both downstream and upstream, not
just where the construction is located (Beck et al., 2012). These impacts include the prevention
of the migration of fish populations, changes to flooding patterns, and disruption to the nutrient
cycle (Beck et al., 2012; Bunn & Arthington, 2002; Dugan et al., 2010; Lessard & Hayes, 2003;
Meixler, Bain, & Walter, 2009). The lake is vital for agriculture and fishing, which means
changes can have direct effects on these activities and the wellbeing of reliant populations.
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Specifically, this reduces the fish population by preventing migration to the lake and hindering
natural fertilization. Dams interrupt the flow of nutrients and other beneficial qualities of an
ecosystem, as well as fragmenting it (Kummu & Sarkkula, 2008; Millennium Ecosystem
Assessment, 2005).
The Mekong Committee received significant financial and technological support to
develop hydroelectric dams to promote economic growth (Beck et al., 2012). The development
of infrastructure can change the permanent size of the water system by preventing flow.
Cambodian society has largely been based on agriculture and the use of irrigation, which makes
the Tonlé Sap Lake an important resource (Arias et al., 2012). Many decision makers feel that
economic growth from infrastructure projects is more important than environmental impacts, the
potential displacement of populations, or the disruption to livelihoods of the inhabitants (Beck et
al., 2012).
The infrastructure changes to the hydrological system will decrease the flooded area (400
- 900 m2) in the wet season and prevent nutrients and moisture needed for rice production and
other agriculture (Arias et al., 2012; Belay et al., 2010; MRC, 2010). Infrastructure development
will decrease the height of the water, the flooding intensity (decrease of 7% to 16%) and the
duration (decrease of 14 days); this minimizes the transfer of nutrients between the terrestrial
and aquatic regions, leading to a less-productive ecosystem (Kummu & Sarkkula, 2008). The
productivity of the ecosystem is what makes it so rich in resources and valuable for the
Cambodians. This nutrient exchange also helps fertilize the surrounding agricultural land. Locals
have adapted to incorporate this cycle into their agricultural practices (Beck et al., 2012). A
decrease in the natural fertilization of the will force people to adapt by using artificial fertilizer
or switching crops; unfortunately, with the impoverished state of the rural area, this may not be
plausible.
There is growing concern that the Lancang Cascade dams in China could stabilize the
water levels, impacting production, and flooding duration (Day et al., 2011). The stabilization
would alter the permanently flooded area. Dam infrastructure development results in the
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flooding of land, including agricultural areas and forces people to be displaced (Belay et al.,
2010). Studies have predicted that in the future, the depth of the lake during the flooding season
will decrease by approximately 0.5 metres, and during the dry season will increase by as much
as 0.2 - 0.6 metres (Arias et al., 2012; MRC, 2010). These assessments have concluded that with
the development of dams in the Mekong Basin, the water level during the dry season will be
higher, and water levels will be lower during the wet season in the Tonlé Sap Lake as 60% of
water during the flood season comes from the Mekong River (Kummu & Sarkkula, 2008;
MRCS/WUP-FIN, 2006). If there is a reduction in the flooding fluctuation, there will be a
decrease of approximately 22% - from ~ 10,187 km2 to 7,994 km2 - in the areas of habitat that
will be flooded annually (Arias et al., 2013). Changes to the size of the lake can reduce the size
of the flooded forest and impact the individuals who rely on this forest for their livelihood
(Kummu & Sarkkula, 2008; Keskinen, Kakonen, Tola, & Varis, 2007). With changes to the size
of the lake, inhabitants may be forced to relocate elsewhere.
In addition to altering the size of the floodplain and the exchange of nutrients, much of
the literature shows that dam construction will have a direct impact on the fish populations. The
health of fish populations is influenced by the length of the flood pulse, how early it arrives, the
amount of flow, the movement of fish in earlier life stages, the depth of the flood waters, and the
input of nutrients (Day et al., 2011; Sarkkula et al., 2004). Dams prevent migration and genetic
mixing of aquatic species (Belay et al., 2010; Kirby & Mainuddin, 2009; Barlow, Baran, Halls,
& Kshatriya, 2008). The Tonlé Sap Lake is an important spawning area for fish, and without
access to it, there could be further decreases to regional fish populations. Some fish populations
migrate from as far as China to replenish in the Tonlé Sap Lake (Penny, Cook, & Im, 2005;
Kaosa-ard, Pednekar, Christensen, Asksornwong, & Rala, 1995). A third of the human
population in the basin is reliant on fishing for their livelihood, and between 40-80% of their
protein (Hortle, 2007; Touch & Todd, 2001). Dam construction could ultimately impact the
fishery industry in the lake. Solutions like fish ladders have not been successful in rectifying the
disruptions to the fish populations (Beck et al., 2012; Roberts, 2001). There is evidence that as a
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result infrastructure development in the Mekong Basin, several fish species have gone extinct
(Belay et al., 2010; Mekong Wetlands Biodiversity Conservation and Sustainable Use
Programme, 2004). Dams have historically impacted fish populations, but with the important
connection to Tonlé Sap Lake for livelihood, ecosystem health and reproduction, proposed dams
in the Mekong Basin are of growing concern.
2.1.1 Impact of Deforestation
The literature has shown that alterations to the size of the Tonlé Sap Lake and the
Mekong Basin from infrastructure-development can affect flooded forests, but land-use change
also contributes to these changes. Throughout Cambodia, much of the forested land was recently
cleared to increase the production of cassava; however, there was a market crash and much of
the formerly forested land now lies uncultivated (Hought, Birch-Thomsen, Petersen, de
Neergaard, & Oelofse, 2012). This deforestation is also the result of increased settlement and
population growth, leading to demand for wood fuel. Some of the deforestation in Cambodia is
occurring illegally in protected areas (Hought et al., 2012; Dasgupta, Deichmann, Meisner, &
Wheeler, 2005; FAO, 2007; Talbott & Brown, 1998). The forests on the edge of the Tonlé Sap
Lake are important because they provide spaces for breeding (in particular, fish), stabilize the
soil, and protect floating villages (Heinonen, 2006). The flooded forests also trap sediments,
preventing sedimentation from settling uniformly in the lake (Kummu, Penny, Sarkkula, &
Koponen, 2008).
Similar to infrastructure development, the Tonlé Sap Lake is affected by forestry changes
inside the lake and upstream. The forestry industry decreases the stability of the soil and
introduces sediments and chemicals into the lake, affecting water quality and ecosystem health
(Mensher, 2006; Larsen, 2005). Many of the lake inhabitants are reporting increased silt in the
lake from deforestation and mining, but some argue that there is no evidence of increased
infilling (Kummu et al., 2008). This silt and sedimentation is from the erosion of destabilized
soil, which contributes to the decrease in water depth (Heinonen, 2006). Increased sedimentation
is altering the water depth during the dry season and the flooding height during the wet season
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(Heinonen, 2006). Villagers have found that the change in the height of the flood is drowning
rice plants and decreasing their production (Heinonen, 2006).
If the water level is too high, there is decrease in the quantity of fish caught (Heinonen,
2006). In 2002, there were large quantities of dead fish in the lake because of poor water quality
from sedimentation and pollutants, causing local livelihoods and health to decrease (Heinonen,
2006). Due to the lack of data, there is contradicting evidence regarding the rate of sedimentation
(Penny et al., 2005). Penny et al. (2005) determined that there is no potential for sedimentation
to fill in the lake. Instead, they found that there appears to be a threat to the tributaries that link
to the lake; these areas are critical for fish migration and therefore are significant in terms of
biodiversity (Penny et al., 2005).
The reservoirs that developed from dams to harness the water resources alter the depth of
the water, which leads to the submersion of vegetation in the floodplain and the release of
greenhouse gasses (Beck et al., 2012; Makinen & Khan, 2010; St. Louis, Kelly, Duchemin,
Rudd, & Rosenberg, 2000). As a result, the region has experienced declining vegetation, and the
loss of the flooding of gallery forests prevents sediment trapping; the sediment now settles more
uniformly at a rate of 0.27 mm per year and changes the height of the lake further (Kummu et
al., 2008).
In addition to sedimentation, there are impacts from changes within the lake. The forests
are important to the ecosystem since they create productive areas for fish spawning (Lim, Lek,
Touch, Mao, & Chhouk, 1999). After the political stabilization of Cambodia in the early 1990s,
23.4% of the area around the lake was deforested largely for logging, charcoal production, and
agriculture (Gaughan, Binford, & Southworth, 2009). The need for economic growth and the
removal of ordinances from the terrain allowed for widespread agriculture expansion (Gaughan
et al., 2009). Most of the deforestation is occurring along the lake's eastern shore by the Angkor
Wat Temple, where tourism is heavily concentrated (Gaughan et al., 2009). The fish migrate to
the forests during the flood season for reproduction, rearing, and to feed (Lim et al., 1999). In
the past 40 years, approximately two thirds of known fish species from the basin have

13

disappeared, some of which have been directly connected to human activities like deforestation
(Lim et al., 1999). The loss of forests means a decrease in spawning habitats for fish, which
results in changes to the population.
2.1.2 Impact of Climate Change
Climate change is predicted to have an impact similar to infrastructure development,
including changes to flooding patterns and the displacement of people. Climate change is
predicted to impact the intensity and duration of the flood pulse. During the wet season, the
water level of the lake will become higher, the duration and the timing of the seasonal flooding
will change - commencing a few days earlier and ending a few days later - and the peak height of
the flooding will increase (Nuorteva et al., 2010). Yet some academics, like Kirby and
Mainuddin (2009), have stated that the wet season will shorten, but intensify. The changes to
seasonal flooding can impact the vegetation in the floodplain, agriculture, and infrastructure
(Nuorteva et al., 2010). Higher floods will damage infrastructure, such as roads and houses
(Nuorteva et al., 2010). The alterations to the duration of the flood pulse will disperse fish for a
longer period of time, but there will be more fish during the flooding (Nuorteva et al., 2010).
Crops and infrastructure will also be damaged by an increase in the intensity of storms (Nuorteva
et al., 2010). It is unclear how the impacts will accumulate.
There has been a lot of debate about whether development or climate change will have a
stronger affect and how the impacts of the two factors will be intertwined. Overall, the literature
suggests that there is some disagreement as to the relative impacts of climate change versus
development. Many of the alterations to the flooding system from climate change are opposite of
the development impacts (Vastila, Kummu, Sangmanee, & Chinvanno, 2010). It is thought that
climate change may balance out some of the impacts of infrastructure development. An
important result is the intensification of existing changes (Nuorteva et al., 2010). A recent study
contradicts other analyses, which found larger transformations as a result of climate change as
opposed to infrastructure (Eastham et al., 2008); however, Arias, et al.'s (2012) study had a
higher certainty level than past studies and found that infrastructure would have a higher
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magnitude of influence on the lake. Climate change will have few effects during the dry season
and only small decreases to the wet season as a result development (Arias et al., 2012). Rain-fed
areas where crops are grown will increase in size by 10-14% as a result of development, but be
reduced by 5% due to climate change (Arias et al., 2012). Additionally, the study found that the
alterations from development were larger than those of climate change and predicted an increase
the surface area of the lake (Arias et al., 2012). These results are predictions, and it is still
unclear how the two aspects will interact at the lake-level.
In addition to enhancing or decreasing the consequences of development on flood
patterns, climate change will alter the intensity and duration of the two main seasons: dry and
wet seasons. It will cause an intensification of the two seasons, resulting in a longer dry season
and shorter wet season (Kirby & Mainuddin, 2009). During the wet season, there will be slightly
more rainfall at the peak of the season (Kirby & Mainuddin, 2009). With a shorter wet season,
there will be a decrease in the interaction between terrestrial and aquatic systems. This means
that there will be less fertile land available (Vastila et al., 2010). Because of the lack of pesticide,
fertilizer, and irrigation, inhabitants are very reliant on natural flooding and precipitation for
farming (Heinonen, 2006).
With longer dry seasons and increased temperatures, drought and water security will
become an issue. Climate change has the potential to cause a 1-3 °C increase in temperature
during the months of January to May (Kirby & Mainuddin, 2009). There will be an increased
water shortage during the dry season due to climate change, which will impact agriculture,
specifically rice production (Kirby & Mainuddin, 2009). There has already been an increase in
droughts, which has had negative implications on rice germination (Heinonen, 2006). Increases
in droughts will decline in the quantity and quality of water in the rivers and lakes (Nuorteva et
al., 2010). Decreased water quantity will cause a decrease in fishing and irrigation capacity,
while the quality of water will result in health problems (Nuorteva et al., 2010). Water balance
changes and rising sea levels will influence the flood pattern in the lake (Vastila et al., 2010).
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Many people around the basin are dependent on resources that are vulnerable to climate change,
but are impoverished and therefore are unable to adapt to these changes (Nuorteva et al., 2010).
Additionally, climate change is predicted to cause salinization of the Mekong Basin,
particularly in the Mekong Delta. Climate change will cause increasing salinity in the
hydrological system (Kirby & Mainuddin, 2009). Salt water will intrude into the Mekong River
near the delta and cause decreases in rice production and increased pressures on the water supply
(Kirby & Mainuddin, 2009). During the dry season, the water for the lake is used for irrigation,
which may have detrimental impacts on crop production (Kirby & Mainuddin, 2009). It is
unclear how this will fully affect to the Tonlé Sap ecosystem. The literature shows many
predictions for what could happen has a result climate change by 2050. There are a lot of factors
that could influence the degree of these effects and therefore it is not entirely clear how
livelihoods will be altered, but there is a consensus that the Tonlé Sap's inhabitants are not
equipped to handle these changes.
2.1.3 Summary
These anthropogenic and natural changes to the lake are thought to have impacts on the
flood pulse and natural resources around the Tonlé Sap Basin. These are complex, intertwined
changes, whose interaction with each other is not yet fully realized. Table 1 shows a summary of
these changes.
Dam Development
Intensity of



Flood Pulse


Duration of
Flood Pulse



Decrease by 716% (Kummu &
Sarkkula, 2008)
Lower in the wet
season and higher
during the dry
season (Arias et
al., 2012)
Decrease of 14
days (Kummu &
Sarkkula, 2008)

Deforestation


Siltation increases
water height
(Heinonen, 2006)

N/A

Climate Change


Higher in the wet
season and drier in
the dry season
(Nuorteva et al.,
2010)



Increasing the
number of days of
flooding
(Nuorteva et al.,
2010)
Shorter wet season
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(Kirby &
Mainuddin, 2009)
Fish Populations




Prevent migration
Decrease in
genetic mixing



Decreased
spawning areas





Agriculture



Decrease
fertilization



Increased
agriculture land




Contradictions/
Discrepancies

N/A





Not all believe
siltation will
change height of
the lake
Some believe only
tributaries will be
impacted





Disperse fish
(Nuorteva et al.,
2010)
Increase fish in
the wet season
(Nuorteva et al.,
2010)
Damaged crops
from intense
storms (Nuorteva
et al., 2010)
Increased drought
Climate change
will have greater
impact (Eastham
et al., 2008)
Dam development
would have a
greater impact
(Arias et al., 2012)

Table 1: A summary of the main impacts of dam development, deforestation, and climate
change as described in the literature.

2.2 Fishery Policy Changes
As previously noted, the fishery of the Tonlé Sap Lake is vitally important both for the
country's economic well-being, as well as for its food security. As a result, and given the
background of rapid political and economic change, it is not surprising that the way the lake is
governed is extremely complex. The unique flatness – nearly non-existent slope gradient of the
lakebed – allowed portions of the Tonlé Sap Lake to be partitioned into fenced-in lots. Prior to
2000, the lake was managed in three ways: open water, private plots, and conservation
(Kanchanaroek, Termansen, & Quinn, 2013). The leases of these commercial fishing lots were
auctioned to fishers annually; the temporary private fishing lots have been auctioned off since
the 1980’s (Someth, Kubo, Tanji, & Ly, 2009). It was thought that small, auctioned fishing plots
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decrease the impact of fishing on fish populations and help generate revenue (Someth et al.,
2009). The lots were managed by the government and were generally located in areas of
plentiful fishing (Someth et al., 2009). The auctioning of fishing lots in the Tonlé Sap Lake
enabled extensive expansion of the commercial fishing industry (Heinonen, 2006). The
auctioned fishing lots had open and closed seasons; during the open season, license holders had
exclusive access to their plot, but during the closed season there was open access to the entire
lake (Someth et al., 2009). Licenses for the lots were only valid for two years, so holders tended
to use illegal equipment to maximize their catches (Resurreccion, 2006). There was tension over
the auction system; in particular, poorer fishermen who could not afford the auction had to use
open water and complained of unequal access to the best fish populations, which were reserved
for the lots (Someth et al., 2009). Additionally, conflicts resulted from deforestation for
increased agricultural land and increased use of agricultural chemicals, which killed fish in the
lots and reduced productivity; tension escalated, resulting in deaths, disappearances, and
violations of human rights (Resurreccion, 2006). Small fishermen did not have equal access to
the auction and experienced several barriers (Someth et al., 2009). Therefore, a large portion of
the catches from subsistence fishing came from common property resources in open water
(Shams & Ahmed, 2000). Since the eradication of the Khmer Rouge, the fishing industry in
Cambodia has undergone extensive redefinition: the re-establishment of the fishing lots after the
Khmer Rouge, the abolishment of the fishing lots during the fishery reform, and the
establishment of current community fisheries.
The first fishery reform in the lake occurred in 2000, when approximately 236,593
hectares of private fishing lots were converted to common property (Sithirith, 2014). The 2006
Fishery Law states that fishers using small-scale gear have access to fishing; however, 'smallscale' is difficult to define in practice (Sithirith, 2014). Competition in the lake caused smallscale fishers to upgrade their gear size (Sithirith, 2014). The community fisheries were
established to control fishing activities in public fishing areas; members of a community fishery
were restricted to using small-scale gear (Sithirith, 2014). The fisheries were reformed again in
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2012; approximately 93,246 hectares of fishing lots were converted to conservation areas while
the remaining was deemed public fishing areas (Sithirith, 2014). In Pursat Province, about 44%
of the newly abolished fishing lots were converted to conservation areas (Sithirith, 2014). Some
fishers have suggested that officials can be bribed to ignore illegal fishing activities; it has been
implied that these bribes are shared with their superiors and help fishery officials sustain a living
(Sithirith, 2014).
The current method of governing the fishery industry is a decentralized management
system; this means that the government is transferring the responsibilities of management and
conservation to local groups (Kirby & Mainuddin, 2009). According to the Ministry of
Agriculture, Fishery and Forestry, in 2005, almost 450 community fisheries (CFi) had been
established to govern the fishery industry around the Tonlé Sap Lake (as cited in Sok, Yu, &
Wong, 2012). Community fishery establishment is largely symbolic because many of the
decisions are still coming from the central government (Sok et al., 2012). Additionally, there are
no community fisheries in floating villages, where many households rely solely on fishing (Sok
et al., 2012).1 Community fisheries also do not have enough funding to monitor illegal fishing
activities (Sok et al., 2012). Laws and policies have been developed, but have not been
implemented (Sok et al., 2012). In general, the fishing population does not trust the authorities
because penalties are less severe for women and those with money (Sok et al., 2012). In the lake,
there is overfishing of larger fish species, and because of the distrust of authorities, this generally
goes unreported (Sok et al., 2012; Kirby & Mainuddin, 2009; Allan et al., 2005). The
mismanagement of the industry is resulting in changes to the fish populations, and unequal
opportunity for subsistence fishers to catch enough fish. According to the literature, the fishing
lots were only beneficial for large and commercial fishing operations, and the current
community fishery management system does not have the resources or power to change this
predicament. Declining fish populations, caused by mismanagement, coupled with ecological

1

However, this study did conduct questionnaires with a CFi in a floating village.
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stress, are going to have severe consequences on the health of the ecosystem and the livelihood
of subsistence fishing households.
2.3 Fishers in Cambodia
As previously mentioned, fishing is a very important industry in Cambodia, but this
industry is changing with the many alterations to the natural resources provided by the Tonlé Sap
Lake. Many of the poorest households rely on a single livelihood strategy, generally fishing,
rather than a diversity of livelihoods (Nuorteva et al., 2010). Between 1998 and 2008, the
proportion of the population involved in fishing decreased by 0.2% (Salmivaara et al., 2015).
Despite this decrease, the overall number of fishers has increased due to the population increase
(Salmivaara et al., 2015). In 2008, 42% of the population was fishing around the lake, with
additional fishers in the Tonlé Sap River (Salmivaara et al., 2015). Because of the large number
of fishers, especially small-scale fishers, in the lake there is unequal access to resources. The
basin has historically had complex management strategies characterized by corruption and
unequal access to resources (Nuorteva et al., 2010). This means that traditionally, poorer
households have not had access to the prime fishing locations.
With the multitude of changes occurring to the local hydrological system, it could be
expected that many households will adapt. A fishing household’s adaptive capacity is their
ability to react to changes in the environment and natural resources (Nuorteva et al., 2010).
While the inhabitants around the Tonlé Sap Lake have become skilled at adapting to the seasonal
changes of the lake, these households are not equipped to react to irregular environmental
changes such as droughts and unusual flooding (Nuorteva et al., 2010). Fishing villages have
been most impacted by these changes because these villages tend to be poor and have minimal
access to diverse livelihood opportunities or markets (Nuorteva et al., 2010). With each
temporary change in the basin, villagers increase their adaptive capacity (Nuorteva et al., 2010).
Regardless, it is not expected that these poorer households will have the ability to adapt to the
changes outlined above.
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Due to decades of socio-political turmoil in Cambodia, the demographics of the
population have changed. The population of Cambodia is currently very young, which will
increase pressure on the natural resources around the Tonlé Sap as they seek livelihoods
(Salmivaara et al., 2015). With the influx of new fishers around the lake, there is great concern
about the future of the ecosystem and the livelihoods of the people.
2.4 Summary
The Tonlé Sap Lake is an extremely important ecological and socioeconomic location.
Anthropogenic activities throughout the Mekong Basin are impacting the critical flood pulse that
is responsible for the basin's importance. These activities include dam construction and
deforestation, which are altering the duration and intensity of the flood pulse, and are decreasing
spawning habitat; all of which will alter the composition of the fish populations and the success
of the fishery. Climate change is further amplifying the difficulties of the region's households
and aquatic species. Even with the recent changes to fishery's management strategies, the future
of the fishery industry in Cambodia is unclear. While natural science and policy researchers are
observing these changes, the adaptation of fishing households will be dictated by how they
observe these impacts.
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Chapter Three: Methodology
3.0 Introduction
Data for this study was collected as part of a field season in an ongoing research project
on the Tonlé Sap Lake that is funded by the Belmont Forum. This project includes 18 different
institutions worldwide – including Canada, the United States, France, and Cambodia – and aim
to better understand the livelihoods, biophysical conditions, and governance arrangements of the
Tonlé Sap Lake.2 The focus of the data collected for this thesis was the Pursat Province and the
Pursat sub-basin (See Figure 1), which is relevant as the Pursat sub-basin is one of three targeted
areas within the Tonlé Sap Lake chosen as the focus of the Belmont Project. Household surveys
– surveys that attempt to gain an understanding of the characteristics, livelihoods, and opinions
of the entire household – were conducted with 181 randomly selected households. 'Households'
are defined as a collection of individuals who reside in the same dwelling, at least in some
capacity, and are related through marriage or kin (Hapke, 2001). While Hapke (2001) also
included the criteria that members of a household needed to share a meal together on a regular
basis, in this context, household members often needed to leave the village to diversify
livelihood strategies, and therefore could not always share meals. Therefore, in this study,
household members could be anyone who contributed financially to the household.
3.1 Study Design
Surveys with short-answer and multiple choice questions were employed to allow for a
larger number of households to be studied than would be possible with intensive interviews. The
surveys were 25 pages long with approximately 90 questions and were divided into sections:
household demographics, farming, aquaculture, fishing, migratory work, off-farm work,
expenses, problems in the household and village, and future scenarios of the Tonlé Sap (See
Appendix E: Tonlé Sap Lake Management Questionnaire).3 The questions were designed to gain
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Data collected in this field season were initially used for this study, but were intended to be used by all members of
the Belmont Project through a memorandum of understanding (MOU) agreement. Not all the questions asked during
the survey question was intended to inform this study, instead it will help provide insight to the parallel studies in
this region.
3
The surveys took approximately one and a half hours to complete with each household.
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an understanding of household demographics and livelihood strategies. For the purpose of this
research, 'livelihood' or 'livelihood strategy' will be defined as the activities members of a
household engage in for subsistence or income. The survey questions also provided information
about perceptions of change around the lake and the adaptive capacity of households. The term
adapt can be a problematic term to define (Tinch et al., 2015). For the purpose of this research
adapt will be defined as preventative strategies for dealing with future changes, and coping will
be defined as an immediate reaction to sudden changes (Tinch et al., 2015).
Additionally, a form of participatory mapping was used to understand where participants
were fishing and farming. The research assistants hand-drew the general structure of the village,
including the participating household’s location in relation to the village chief’s household. The
participant was then asked questions about landmarks such as pagodas, the direction of the Tonlé
Sap Lake, and the location of the flooded forest to help orient the research assistant. The
research assistant then asked the participant where on the map they were fishing, where their
farm-land was located (when possible, the distance to the flooded forest was included), and
which plot of land it corresponded with in the farming section of the survey.
3.1.0 Survey Questionnaire
In order to gain a deeper understanding of fishers' behaviours and choices, survey
questionnaires were conducted. This method helped determine current livelihood strategies,
household demographics, perceptions of changes, and potential adaptation strategies. Survey
questionnaires allow research to explore many issues simultaneously (McLafferty, 2010).
Surveys are powerful tools to ask many participants the same questions, allowing researchers to
explore multiple variables and research questions (Neuman, 2003). This form of research is
highly valuable in developing countries where government records may be incomplete or may
not be up-to-date (McLafferty, 2010). It allows the respondent to be asked about their beliefs,
attitudes, characteristics (e.g. age, marital status), and opinions (Neuman, 2003).
A good survey takes into consideration the participants' points of view and tries to make
questions clear (Neuman, 2003). To prevent confusion, the survey needs to avoid: jargon that the
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participant will not understand, vague questions that can be interpreted different ways, questions
that lead the participant to answer a certain way, statements that not everyone will agree with, or
questions that ask about an individual's future plans or intentions (Neuman, 2003). Questions
inquiring about a participant's future intentions ask how an individual may react to a hypothetical
situation and may lead to unreliable results; therefore, it is better to ask about more current
events (Neuman, 2003). While the survey used for this research was examined and corrected for
many of Neuman's (2003) characteristics of a poor-performing survey questionnaire, a main
component of the survey was to ask how the participant would alter their current livelihood
practices if it becomes more difficult to catch fish (i.e. decrease in fish populations). Due to the
lack of available data, it is not possible to determine how livelihoods have endured long-term
change over time, and therefore the only means of understanding adaptations to the current and
predicted alterations in a short research time frame is to ask forecasting questions.
The survey first asked about characteristics of the participant (i.e. age, education level,
marital status, members of the household, and current livelihood activities) and details about
livelihood practices (i.e. quantity and species of fish caught, type of gear used, crops grown, and
time spent in each activity) depending on applicability. Next, the participant was asked how they
would alter the percentage of time they spend in each livelihood activity - will they increase
agriculture, start off-farm employment, or keep current practices?
Before conducting the survey on a mass scale, a survey needs to be tested in a small-scale
pilot, and interviewers need to be trained (Neuman, 2003). The first week in Cambodia was
spent training interpreters from the University of Battambang and familiarizing the veteran
researchers from World Fish with the survey. The researchers were asked for their feedback to
ensure they had a deep understanding of the questions, to ensure that the translation was
coherent, and to ensure that they had an invested interest in the research. The following week
was spent conducting the survey with two villages that are frequently surveyed by Conservation
International, allowing for any confusion regarding the questions to emerge and to give time to
adapt to any unforeseen problems. During the first week, the veteran research assistants were
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paired with the university students to provide guidance and to teach them proper methods for
conducting a survey. Once the survey was tested, the interpreters conducted the questionnaires
with one of the primary researchers accompanying a different research assistant each day. With
the exception of a few villages in Krakor District that were accessed during the second week of
research, I accompanied the researchers in the field.4 Attending the field research allowed
assistants to gain additional context and information from observing conversations with key
informants, which were translated by the research assistants. My familiarity with multiple choice
and fill-in-the-blank questions allowed me to recognize the households' answers, despite the fact
that all questions and hard copy questionnaires were in Khmer. Accompanying a different
research assistant each day allowed for me to clarify questions and continually improve the
quality of answers. When all surveys were completed, the research assistants from the University
of Battambang spent three weeks translating the short-answer questions into English. During the
first week of translations I went through potential answers with them and determined the English
term; this included providing them with the English spellings of aquatic species that households
might catch and the names of livelihood strategies. During the second week, the research
assistants translated alone; however, during the third week I went through each survey with them
to ensure I understood the translation and that all Khmer terms, including those on the maps,
were translated. These steps ensured that there was a high quality of answers and understanding
of the subject matter.
3.1.1 Participatory Mapping
As Heinonen (2006) stated, much of the migration to alternative livelihoods occurs from
one rural area to another, however this does not mean it is within the same region of Cambodia.
Therefore, it is very impractical to travel to each location that an individual will engage in a
livelihood. To determine where households are fishing, a form of participatory mapping was
used to enhance the survey answers. The participatory mapping provides context to the

4

I had a couple of meetings in the city and fell ill with the flu, which prevented me from traveling back to the field
for several days.
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information collected in the survey questionnaire, such as where households are observing the
changes in fish populations.
Participatory mapping is a technique used to acquire specific locations, perceptions of
geographical areas, and information about natural resources (Puri, 2011). This form of research
allows the participants to engage more with the research and express what they feel is significant
(Breitbart, 2010). There is no one specific set of methods or techniques used in participatory
research (Breitbart, 2010). Generally, participatory research involves the engagement of
participants in every step of the project; however, this research only uses a degree of
participation in order to supplement the questionnaire survey. The questions for both Objective 1
and 2 have been developed in consultation with NGOs and other academics in Cambodia to
ensure that the research will cover all areas of importance.
For this research, participants were asked to point or mark on a map several areas of
importance to them (i.e. where they live, fish, or participate in agricultural activities). Maps of
the districts in Pursat Province were acquired to use as base maps for the participatory research;
however, due to the sheer size and detail of the maps, and the difficulty that participants and
research assistants had in orienting themselves, these maps were soon abandoned. Base maps are
important for accurate participatory mapping; the maps need to include major roads, waterways,
or villages to help the participants orient themselves (Puri, 2011). In each household, the
research assistant sketched the Tonlé Sap Lake, major roads, major rivers, direction of important
cities and provinces, and other landmarks the household thought were important such as a
pagoda or village chief's household. Unfortunately, these hand-drawn maps compromised the
accuracy of the locations and the detail of the map, but they allowed the participants to clearly
identify geographic locations. Each survey had its own map associated with it, where the
participants were able to show the researcher what areas are important to them for their
livelihood.
Typically, after participants indicate a location on the map, ground-truthing occurs verifying the location by physically going there - to ensure the accuracy of the exercise (Puri,
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2011). Unfortunately, ground-truthing was outside the scope of this research, but may be
conducted during the course of the larger collaborative research occurring in the region. Not only
will this increase the legitimacy of the research, but GPS coordinates can be taken at these
locations to further the accuracy of information from the participant maps (Puri, 2011).
3.2 Site Selection
3.2.0 Province Description
Each province's infrastructural and institutional construction offer different resources that
influence adaptive capacity (Nuorteva et al., 2010). For this study, research was conducted in the
province of Pursat because it is underdeveloped, and is important as a tributary and as a fishing
location. This location was previously identified by the Belmont project as one of three
important case studies (Pursat, Battambang, and Kampong Thom Province). Pursat is located in
western Cambodia, and has one of the largest coastlines along Tonlé Sap Lake (MK 16 Project
Team, 2013). Pursat is part of the Pursat sub-basin - a catchment that centres around the Pursat
River (MK 16 Project Team, 2013). The Pursat River brings water from the Cardamom
Mountains and is one of twelve perennial rivers that flow into the lake (MK 16 Project Team,
2013).
Fishing is a significant livelihood strategy for a large portion of the population in Pursat.
From 1995 to 1999, there was an increase in the amount of fishing gear used; however, the
number of fish caught declined (Yen et al., 2009). Regardless, in 2011 the fishers in this
province reported catching 39,000 to 45,000 tons of fish (Baran et al., 2014). Pursat has the third
highest density of fishers around the lake (Baran et al., 2014). Because of this heavy reliance on
fish, Pursat inhabitants are very vulnerable to changes in the flood pulse and to damage to
natural resources.
The province has a large forested area; approximately, 77.6% or 899,242 hectares of
Pursat is still under forest (Forestry Administration, n.d.). This large proportion of forest cover
makes Pursat highly vulnerable to illegal deforestation to facilitate agricultural expansion. Pursat
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was chosen as the study site not only because it is an important tributary and fishing location, but
because the province has been largely untouched by tourism and development.
3.2.1 Selecting Villages
An important aspect of this project was to ensure that the selected villages contained
some households that were involved in some form of fishing in or around the Tonlé Sap Lake.
Villages needed to have direct access to the lake or floodplain. To obtain a clear understanding of
life around the lake, it was important to ensure that villages were reliant on the fish in the Tonlé
Sap Lake rather than other smaller lakes in the province. Villages were selected based on their
proximity to the lake, and had households that fished in the lake itself, in a main tributary (e.g.
the Pursat River), or in the floodplain during the wet season. Selected villages were located
between the Tonlé Sap Lake and National Road #5, which is between 4-40 km from the lake.
Based on this criterion, all selected villages were located directly along the lake in three districts
of Pursat Province: Krakor, Kandieng, and Bakan.
To increase the likelihood of a village having fishers that utilize the Tonlé Sap Lake, the
World Fish’s Fish Dependency Score was used. The Fish Dependency Score is the portion of
households in a village that one would expect to be fishing in some capacity based on existing
census data and the relative level of poverty in the village (Nasielski, Baran, & Tress, 2013).
World Fish uses occupation and population data from the 2008 Cambodian National Census, the
quantity of fishers and fishing boats from the 2010 SEILA Database, and the poverty score of
villages from the 2006 Ministry of Planning's village poverty data (Nasielski et al., 2013).
Despite most rural households participating in fishing on some scale, many do not consider
themselves 'fishers', as they do not fish professionally (Baran et al., 2014). To account for the
households that are fishing, but are not classified as 'fishers', World Fish subtracted the number
of recorded fishers from the number of fishing boats (Nasielski et al., 2013). 5 The number of
primary fishers, secondary fishers, and unaccounted-for fishers were added and divided by the
village's total population (Nasielski et al., 2013). This number was then multiplied by the
5

Approximately 5% of fishing families that participated did not own a boat.
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village's poverty score to acquire the Fish Dependency Score (Nasielski et al., 2013). Each
village in Krakor, Kandieng, and Bakan district was assigned a Fish Dependency Score
indicating the probability of randomly selecting a fishing household in that village. Villages with
a score of 0.5 or higher were selected to increase the potential for a fisher to be randomly
selected to represent the general population.

Village Location
Frequency Percent
Water
59
32.6
Land
122
67.4
Total
181
100.0
Table 2: The number and
percentage of households
surveyed in this research
project that are located on
the water or land.

Based on the two criteria, 26 villages were selected to ensure a large enough spatial range
to represent the fishing population throughout the province (See Figure 1). The villages selected
included floating villages, villages along the Pursat River, and villages in the floodplain (See
Table 2). Several villages had to be removed from the list of potential villages to survey because
it was logistically very difficult to access these floating villages while the water height was low.
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Figure 1: The study site in Pursat Province, including the location of villages that research
was conducted in. Basemap data: (JICA & MPWT, 2003)
3.2.2 Selecting Participants
The villages that met the criteria of selection were ordered alphabetically and every
seventh village was selected - this number was based on the goal of this research project to
survey 200 participants. Villages were divided into three categories: small (<150 households),
medium (150 - 250 households), and large (>250 households). In order to be representative of
the population, four surveys were conducted in small villages, eight in medium villages, and 16
in large villages.
Household names were randomly selected from the village lists that were acquired from
village chiefs. These lists were not always up-to-date, not everyone was fishing, and some
families were not home, so there was a high likelihood of randomly selecting a household that
was not currently living in the village or did not engage in fishing.6 Despite the fact that many

6

Villages located in Bakan District, where farming was the primary occupation, had several households from which
all members of the family had moved to Thailand for work according to the village chief. Through conversations
with residents in Kandieng District, it was implied that some families had left for Thailand, but this was not
explicitly mentioned by the village chiefs. During the time of research, many Khmer working in Thailand were
forcibly brought back to Cambodia in trucks.
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households engage in fishing, if they were not fishing professionally, they did not always
consider themselves 'fishers'. To account for the inaccuracy of the village lists, the number of
households required (n) in each village was doubled. For example, if it was a small village where
four households were to be surveyed, eight household names were selected. The total number of
households the village chief said were in the village did not always correspond with the total
number of households on the village list; for consistency, the total number of households on the
village list (N) was used because this was where participants would be selected from. The total
number of households (N) was divided by the required sample size (2n) and rounded down in
order to be used as the selection number (S) (See Equation 1).
S = N / (n *2)

Equation 1: The number of households that need to be selected in a village (S), where N is
the total number of households, and n is the number of households needed.
This method helped remove biases and allowed the participants to represent a variety of
ethnicities, occupations, and family dynamics (See Table 3). Households from the list were
selected if they had at least one member doing some fishing, even if it was only for household
consumption. There were villages that, despite meeting the criteria, did not have many people
fishing.7

Fishing only
Fishing and Farming
Fishingand Off-Farm
Off-Farm, Fishing, and Farming

Frequency Percent
46
25.4
34
18.8
39
21.5
52

28.7

Farming only
2
1.1
Farming and Off-Farm
6
3.3
Off-Farm Only
2
1.1
Total
181
100.0
Table 3: The number and percentage of households
surveyed that identified as participating in each
occupation category.

7

In villages where not enough fishers were randomly selected, farming households were interviewed. In one village
where there were communication problems – many villagers spoke primarily Vietnamese –a couple participants
lived in floating villages, but only engaged in off-farm jobs such as owning a business. Households that were not
fishing were not included in this analysis.
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3.3 Data Collection
There were four Khmer research assistants who conducted the survey questionnaire and
participatory mapping. There were an equal number of male and female research assistants to
account for gender differences that may occur during the research, such as participants' comfort
levels in answering certain questions. Two of the research assistants (one male and one female)
were experienced researchers who have conducted multiple surveys with the organization World
Fish (http://www.worldfishcenter.org/).8 They brought experience and knowledge to the
fieldwork. The remaining two surveyors were undergraduate students in the Rural Development
Program at the University of Battambang, completing their fourth year. They were chosen for
their high academic standing and eagerness to learn. In addition to conducting surveys, the
undergraduate students translated all of the short-answer questions from Khmer to English.
Prior to conducting the survey, we approached the first or second village chief, and
explained the purpose of the research. The research team explained that we were working on a
collaborative project between Conservation International and the University of Guelph, funded
by the Belmont Forum and the Natural Sciences and Engineering Research Council of Canada.
The village chief is in charge of the village and is the authority to whom villagers report
problems or concerns; the village chief of each village received a letter, written in Khmer, which
described the nature of the research and stated that all participants would have the opportunity to
withdraw. The letter contained the contact information of one of the principal investigators and
one of the research assistants, so that if a participant wished to withdraw from the study after the
researchers left the village, the participant would be able to do so. A description of the project,
the possibility of refusing to participate, and the right to withdraw were all explained to
participants, and consent was orally provided before proceeding.
The survey was divided into nine sections: household demographics, agricultural
practices, aquaculture, fishing activities, migratory jobs, off-farm jobs, expenses, problems and

8

The research assistants were paid based on the salary that they receive from other research groups in Cambodia
and their experience. Therefore, the experienced research assistants were paid $25 a day and the students were paid
$15 a day.
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solutions, and future scenarios. The household demographics section asked participants about
how long they had lived in the village, whether they had migrated from another village,
demographic information about every member in the household – age, gender, ethnicity,
education level, and occupation - and the main general occupations of the household (farming,
off-farm, aquaculture, and fishing). The farming section asked participants about the total
number of acres the household owns, how long they have been farming, why the household is
farming, detailed information about each plot of land - including property rights and what is
grown on that plot - the annual expenses and profit associated with each crop grown, and the
annual expenses and profits associated with each livestock species raised by the household. The
aquaculture section asked households how long they had been participating in aquaculture, why
they started aquaculture, what species they were raising, what they were feeding them, and the
expenses and profits associated with each species. The fishing section had the most extensive
questions. This section had questions about fishing assets such as the gear used, the number of
boats, and number of part-time and full-time fishers, and details about the fishing activities such
where they fish, whether they fish in the wet or dry season, the fish species caught, other aquatic
creatures and products collected, the amount of fish sold and consumed, the price of fish, and the
number of days/nights they fish. Households were then asked questions about how they
perceived changes to fish populations, and how they think their household will adapt to the
changes. The migratory jobs section asked participants how many household members were
employed in migratory jobs, how many days each year they were employed in migratory jobs,
and where they were migrating to. The off-farm job section asked households the same questions
as the migratory section, and also what their income was. Households were then asked about
their expenses including food, education, electricity, health, and clothing. The household was
asked what problems they saw in their village, household, and fishery, and how they thought
these problems could be solved. The last section of the survey asked participants whether their
household would change their livelihood strategies if one of four scenarios proposed by the
Mekong River Commission occurs in the future: 1) the fish population decrease by 50%, 2) the
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fish population decreases and the proportion of agricultural land changes, 3) the fish population,
availability of agricultural land, and the number off-farm jobs increases, 4) there is no change to
the lake.
At the end of the survey, the research assistants developed a hand-drawn map with the
participants. Figure 2 shows an example of these hand-drawn maps. The research assistant would
draw the village, including any relevant features such as major roads, the village chief’s house, a
pagoda, or a market. They would then ask the participant the direction of the lake and would
draw this on the map. The research assistant and participant would then help to locate the
household in relation to the map.9 The household was then asked questions about where they
were fishing and where their plots of land were, and the approximate distance between them. All
of these features were added to the map.10 These maps were approximations of a household’s
livelihood strategies that can be used to understand where households are fishing and farming.

Figure 2: An example of what the hand-drawn participatory maps looked like. They
included information about the household location, fishing location, and farming location.
3.4 Data Analysis
The 181 surveys were inputted into IBM SPSS analytical software. Multiple choice
questions that had more than one answer applying to a household were divided into Boolean
questions, where 0 represented 'no' and 1 represented 'yes'. Short-answer questions were coded
and divided into additional Boolean questions based on households’ responses.
9

It is unclear how far the distances are; while conducting research, individuals had difficulties providing us with
distances in kilometres.
10
The quality of the maps associated with each survey increased during the research period as additional
information was added, such as the distance from the flooded forest.
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Demographic information such as education, gender, ethnicity, and age were recorded at
the individual-household-member level. Because the questions throughout the survey asked
about household fishing strategies and perceptions of changes in the Tonlé Sap Lake, new
variables had to be developed at the household-level. These variables included a dependency
score, average education level and age, percentage of female fishers in the household, income
based on food diversity, and the dominant ethnicity of household (See the subsequent sections
for further detail). The total number of household members indicated in the survey did not
always correspond with the number of individual members listed in the household members
table; when an average was calculated for a variable, the number of individual members
recorded in the table was assumed to be the most accurate number of household members.
3.4.0 New Variables
In most cases, the questions were asked in a way that resulted in data that could be
analyzed using inferential statistics. In a few cases, however, survey responses had to be
transformed into indexes before they could be analyzed. The following section outlines
situations where such transformations were undertaken.11
Dependency Score
Understanding the ratio of household members who are not working-age is important to
understanding the dynamics of the household. These family members are dependent on working
age members for food, shelter, and expenses, and this ratio can influence families' decisions.
Many organizations calculate this number differently. For this study, the World Bank’s method
of calculating dependency ratio was employed. The World Bank adds the number of children
under the age of 15 and adults over the age of 65, and divides this sum by the total number of
individuals in the household, and then represents this as a percentage (The World Bank Group,
2015). While there were some children and seniors who had full-time employment, and some
household members between the age of 15 and 65 who did not engage in paid employment, this
strategy accounted for the general dynamics of the household.
11

The average age of the household was also calculated, but it is standard arithmetics and therefore not explained in
detail.
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Average Education of Adult Household Members
The average education of adults in the household was calculated. An adult was
considered anyone 15 and older, based on the dependency score used earlier, however in this
situation seniors were included. There is a lesser chance that household members under the age
of 15 will influence household decisions (Rahut & Micevska Scharf, 2012) and, therefore these
members were not included. The exact number of years of education of each household member
was summed and divided by the number of adults. If their education was recorded as Bachelor's,
it was represented as 16 years, Master's as 18, professional training as an additional four years,
and Language School as an additional two years.
Calculating the average level of education in each household develops a continuous
variable; to create a nominal variable, the average numbers of years of education were grouped.
Using the education categories utilized by Rahut and Micevska Scharf (2012), the average
education level of adults in the household was divided into: 1) No Education, 2) Primary School
Not Completed, 3) Primary School Completed, 4) Lower Secondary School, 5) Upper Secondary
School, and 6) Tertiary Education. The United Nations Educational, Scientific and Cultural
Organization’s (UNESCO) definition of the school system in Cambodia was used to define each
of these categories; Primary School was defined as six years (if the household had more than 0
but less than six years of education, they were categorized as 'Primary School Not Completed'),
Lower Secondary School was a household that had seven to nine years of education, and Upper
Secondary was a household with 10 to 12 years (UNESCO Phnom Penh Office, 2010). Any
household with education levels greater than 12 years was classified as 'Tertiary Education'
(UNESCO Phnom Penh Office, 2010). Due to the limited number of households that had
completed higher education, these categories were later simplified to: 1) No Education, 2)
Primary Education, and 3) Secondary or Higher Education.
In addition to the average adult education level, the highest education level achieved by
any adult in the household was record as 'highest education'. This value was also categorized into
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the same simplified groups as the average education. Both the categorized 'average adult
education' and 'highest education level' were used in the analysis.
Percentage of Females and Female Fishers in Household
The household member, recorded as 'primary participant', was not always the sole
respondent; if the entire family was present, the member who knew the most about that section
of the survey would aid in the responses. To account for this discrepancy, and still understand
the role of gender in responses, the percentage of females in the household, regardless of age
was calculated. The total number of females in the household was totaled, divided by the total
number of household members, and expressed as a percentage.
Additionally, some households had female members engaged in fishing where other
households did not want females involved in fishing. Because of this fact, fisher’s gender may
play a role in household livelihood decisions. So, the percentage of fishers in each household
that were female was calculated.
Wealth Indicator Based on Occupation, Expenses, and Housing
Responses from surveys did not make it possible to calculate income and the reliability
of monetary quantities cannot be quantified.12 This unreliable data required an alternative wealth
indicator to be developed. Housing-construction-material is generally a good indicator of wealth;
in developing countries, many households build their houses from material that is both
scavenged or collected, and purchased (Morris, Carletto, Hoddinott, & Christiaensen, 2000).
Using housing as an indicator of wealth in Cambodia is useful because it informs researchers of
the resources that different households can afford. During the fieldwork, the local research
assistants explained that some households cannot afford to purchase land, and therefore choose
to build floating homes on the water. The research assistants said that bamboo is an inexpensive
building material, and that it is used in low-income families in both floating and land-based
homes. Wooden houses are more expensive, and therefore wood is often used to construct
12

In addition to the standard problems associated with self-reporting income, there was a disconnect between the
Migratory Employment and Off-Farm Employment Sections. On some occasions, the researchers did not consider
migratory workers to be off-farm workers; therefore, the off-farm job section was not complete and consequently no
income was recorded. Additionally, income was not reported for small businesses.
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medium-income land and water-based households. Cement and bricks are quite expensive and
are only used by higher-income households to build land-based housing. Unfortunately, housing
material was not recorded in this survey questionnaire, but whether a household was on land or
on water can be determined by the village name and the participatory maps. Based on where the
household was located at the time of the survey, land-based villages were assigned a value of
1.0, and water-based households were assigned a value of 0.5.
Diet diversity has been found to be a good indicator of wealth. Data collected on food
consumed in a month by a household were examined to determine which food items were always
purchased and which items most households consumed. Three items were found: eggs, pork, and
beef. The average amount of beef, pork, and eggs consumed by each household member was
calculated and multiplied by the median and mean cost per unit recorded across all surveys, thus
creating two variables. The mean price had a few outlier costs associated with egg prices, which
may have been representative of where the product was purchased or were due to an error in data
recording. To account for these outliers, the median cost was used as comparison since many of
the recorded prices were comparable. There was very little difference in the results when mean
or median cost was used; therefore, median cost was used to accomplish Objective 1 and 2. The
cost of all three products in each household was then added for comparison. The percentile for
the expense variable was calculated and used to assign the household a value of 0 to 1 (See Table
4).
Expenses

Ranking Out of 1.00

0

0

0

1

0.01 – 9,600.0000

0.25

2

9,600.0001 – 23,000.0000

0.50

3

23,000.0001 – 110,000.0000

0.75

4

110,000.0001 –1,715,200.00

1.00

Table 4: Ranking of eggs, pork, and beef expenses based on monthly expenses (median
costs).
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Rahut and Micebska Scharf (2012) conducted a study where they compared participation
in non-farm occupations throughout rural Cambodia to household income. This study
determined that the households with the highest-income were engaged in entrepreneurial
activities, whereas the lowest-income households were reliant on petty jobs and farm-related
employment (Rahut & Micevska Scharf, 2012).13 Occupations were divided into three
categories: 1) Public Sector, 2) Private and Non-Government Organization Sector, and 3)
Farming and Petty Jobs (Rahut & Micevska Scharf, 2012). Rahut and Micevska Scharf (2012)
determined the income for each employment category and the hourly wage of occupations other
than self-employment; due to a skewed distribution of income, it was determined that median
income was more accurate than using the mean income. These income numbers were used to
rank the different forms of occupations, and the hourly wage was used to further order the hourly
wage occupations (See Table 5). Based on their ranking, the occupation was given a value out of
1.00.

Income Activity

Median Income/Hourly Wage
(Riel)

Ranking Out of 1.00

1

Self-Employment, Non-Farm

200,000

1.00

2

Self-Employment, Agriculture

86,600

0.80

Wage Income

72,000

3

Hourly Wage, Private Sector

53

0.60

4

Hourly Wage, Public Sector

42

0.40

5

Hourly Wage, Farm and Petty Jobs

6

0.20

Table 5: Ranking of non-farm employment based on monthly income recorded by Rahut
and Micevska Scharf (2012).

Raising livestock and aquaculture were rarely considered full-time or exclusive
employment. The annual income a household received for the livestock they raised was totaled,
regardless of whether they raised more than one species. Total income for all households was

13

The paper summarizing their study did not make note of fishing-based income and therefore did not incorporate it
in their ranking.
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then calculated and was divided by the total number of households that were raising livestock.
This total was then divided by 12 to obtain the potential monthly income. This number,
285,425.35 Riel, was then compared to the off-farm income and grouped with farming as it was
not a non-farm employment; therefore, anyone raising livestock as an occupation was given a
value of 0.8. This was repeated for aquaculture and the value, 32,922.66 Riel, was comparable to
wage-income and was grouped with petty jobs since it was not part of the private or public
sector; therefore, all individuals involved in aquaculture were given a value of 0.2. The
occupation of each household member was assigned a value from 0 to 1.00 based on its
corresponding occupation category.
The amount of fish caught by a household varies from 2 kg to 100 kg per day. To account
for the variables that influence potential income from fishing, fishing was treated as a separate
employment and was not compared to off-farm employment. Some households fished in both
wet and dry seasons, while others only fished in one season. If the household only fished in one
season, that quantity of fish was used to calculate the amount of fish sold; however, if the
household fished in both seasons, the quantity of fish caught in both seasons was calculated and
divided by two to acquire an average. While the price per kg of fish depends on the species,
participants reported that the mean price of fish was 1,652.0661 Riel. This number was then
multiplied by the quantity of fish caught to find the daily potential income of each household.
Since all households were consuming a portion of their fish catch, the percentage of fish sold
reported by each household was multiplied by their income to determine the potential income the
household could make per day. The percentiles were then calculated and the fishers in each
household were assigned a value between 0 and 1 depending on where their household’s
potential daily income landed (See Table 6). All the occupation values for each household were
then added and divided by the total number of household members –non-employed members and
children were included because the total number of household members will determine the level
of disposable income.
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Daily Fishing Income (Riel)

Ranking Out of 1.00

1 0 – 4,460.58

0.25

2 4,460.59 – 11,894.88

0.50

3 11,894.89 – 24,285.37

0.75

4 24,285.38 –2,060,200.41

1.00

Table 6: Ranking of fish catch based on daily income.
The village-ranking value, the expense-ranking value, and the employment-ranking value
were added together to obtain a final value to act as a wealth indicator. The percentile of this
wealth rank – 33% and 66% – was determined and households were assigned a wealth category
based on their ranking (See Table 7). These categories were low, high-low, and low-middle
wealth, as rural households have fewer assets than urban households.
Values

Income Category

1

0 – 1.8500

Low

2

1.8501 – 2.2556

High-Low

3

2.2557 – 3.3500

Low-Middle

Table 7: Categorized rankings into wealth indicators (Using median cost of products).
To determine how well the wealth-indicator variable accurately represents income, it was
compared to diet diversity. Each household was asked if they consumed rice, eggs, fish, pork,
poultry, beef, fruit, vegetables, and spices.14 They were also asked if they were consuming food
products that they had produced/gathered themselves or whether they purchased the food. Using
this information, the number of food products consumed from a household's own production,
those purchased from markets, and the overall total (all products consumed, regardless of origin)
were calculated. A household was given a value of one for each of the food types above that they
consumed in the past month and zero if they did not, for a possible total of nine. The three dietdiversity variables and dependency scores were then compared to the wealth-ranking score using
a linear regression. It was found that households consuming fewer of their own products scored a
lower wealth-ranking. It was also found that as the number of dependents decrease, the wealth14

Spices were not an original food category in the survey, but an 'other' category that nearly all households claimed
to be purchasing.
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ranking increases. Overall, this method of determining wealth (See Figure 3) effectively ranks a
household's access to resources without directly using household income.

Figure 3: The variables and ranking process that combines to create the wealth-ranking.
Dominant Ethnicity of Household
Ethnicity is an issue that affects the livelihood choices of many households in Cambodia,
especially for ethnic Vietnamese people. People that are ethnic Vietnamese have been living in
Cambodia for generations, but Vietnam has a long history of conflict and occupation with
Cambodia (Ehrentraut, 2011). This history includes Vietnamese occupation of Cambodia from
1835 to 1845, a dispute over the Mekong Delta, which ended in 1947 when France ceded control
to Vietnam, and Vietnamese-supported government established after Vietnam removed the
Khmer Rouge from power (Ehrentraut, 2011). The 1993 Cambodian constitution implies that
citizenship is based on ethnicity, and citizenship is only granted to ethnic Khmer citizens
(Ehrentraut, 2011). This historical tension has resulted in problems for ethnic Vietnamese people
in Cambodia who often have not entered Cambodia through traditional immigration channels
(Ehrentraut, 2011). Without legal Cambodian citizenship, ethnic Vietnamese people are unable
to obtain legal certificates for marriages, births, and deaths, nor can they own land rights, vote,
or gain access to traditional bank loans (Ehrentraut, 2011).
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Cham Muslims are established throughout Southeast Asia and have a very strong and
distinct cultural identity based on Islam (Setudeh-Nejad, 2002). Cham faith is a form of Islam
that incorporates components of Buddhism (Hunt, 2004). This group accounts for approximately
5% of Cambodia’s population (Hunt, 2004). While the Cham population engages in some trade
and commerce occupations, they are often involved in subsistence agriculture (Rahut &
Micevska Scharf, 2012). Chams have also endured suspicion and discrimination from other
ethnicities in Cambodia, including a drastic drop in the Khmer Muslim population during the
Khmer Rouge (Hunt, 2004).
Because of the limitations that ethnicity can impose, household ethnicities were included
as an important variable in the surveys. The three ethnicities that were represented in the study
were Khmer, ethnic Vietnamese, and Cham. A few of the households had more than one
ethnicity in the household; the two heads of the household had different ethnicities, but the
children only identified with the ethnicity of one parent. One household was Khmer-Cham and
the children identified with their father’s ethnicity, which was Cham. The other two households
were Khmer-Vietnamese; in both cases, the mother was Khmer and father was ethnic
Vietnamese, but the children identified as Khmer. Gender was not taken into consideration and
the ethnicity that the majority of the household identified with was recorded as the household
ethnicity.
Targeted Fish Species
Most households were targeting more than one species of fish. The survey answers may
not provide an indication of all the species caught by the household, but rather the species that
are being targeted for capture. All answers were originally written in Khmer and the local
research team used a Khmer encyclopedia called ANTDictionary to translate them into both their
scientific and English names. Overall, 34 species of fish were targeted by the surveyed
households. While there were many species caught, only the top 10 species indicated by
households were used for analysis (See Table 8). All other species that were caught were
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reported by 15 or fewer households (many by only one household) and are therefore less likely
to influence household decisions.
Number of
Targeted Fish Species
Households
Henicorhynchus lobatus (Lesser silver mud carp)
52
Channa striata (Striped snakehead)
51
Puntioplites proctozysron (Snail eating barb)
39
Clarias meladerma (Blackskin catfish)
30
White-line catfish
29
Micronema bleekeri (Reddish sheatfish)
28
Anabas testudineus (Climbing perch)
28
Channa micropeltes (Giant snakehead)
23
Trichogaster trichopterus (Three spot gourami)
21
Cyclochilichthys enoplos (Giant barb)
19
Table 8: The names of the top ten fish species caught and the
number of households that reported targeting them.

Gear Type Used
Every household was asked what type of gear they use to catch fish. Many households
used more than one gear type. While some households provided detailed information about the
size of their gear, such as a 5 mm gillnet, most households did not; therefore, these specific gear
types were categorized into general fishing gear types. Following the 2012 fishery reform, only
small-scale gear is legal in the lake: this includes cast nets, traps, hook lines, and certain sizes of
gillnets. While the survey responses did not provide enough detail to distinguish between legal
and illegal gillnets, some households indicated that they are using other forms of illegal gear.
Eight households were using dragnets and one household was using electric fishing gear (See
Table 9). Gear type provides an indication of the quantity of fish that a household can catch, the
amount of effort required to fish, and the number of individual fishers required. Gear may play a
factor in fishing habits, household perceptions of the fishery, and can influence how a household
will react to fishery changes.
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Number of
Gear Type
Households
Gillnet
150
Cast Net
42
Hook Line
27
Small Trap
14
Hook Long Line
13
Bamboo/Rattan Trap
11
Seine/Dragnet
8
Scoop
7
Shrimp Trap
3
Trap
2
Electric Fishing Gear
1
Filter
1
Table 9: A list of the gear types
that households reported were
using and the number of
households that identified as
using each gear type.
Fishing Season
Following the fishery reform and the abolishment of fishing lots, there is no longer an
'open' and 'closed' season. Now, the fishing season is generally divided into the 'wet' and 'dry'
season. In the survey, households were asked whether they were fishing in the wet, dry, or both
seasons. This variable provides an indication of the amount of time that a household spends
fishing, where they are able to fish, and how much fish they might be able to catch.
3.4.1 Global Positioning System (GPS) of Villages
All of the Geographical Information System (GIS) layers that were used in this analysis
were developed by the Ministry of Public Works and Transportation in Cambodia and the Japan
International Cooperation Agency. However, not all of these layers were complete. In particular,
the villages (phum) layer for Cambodia did not include all the villages that were included in this
survey. The difficulty in locating villages increases when a village changes its name, is
amalgamated, or is referred to by locals with an alternative name. This problem was avoided by
taking GPS coordinates in each village using a Samsung tablet. The tablet is accurate enough to
locate each village on a larger map, but not accurate enough to identify the exact location of a
household and be in violations of ethics.
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The research team took coordinates outside the village chief’s house in each village and
used this as a central reference location for all participatory mapping. The coordinates were
taken using a small survey developed in Open Data Kit (ODK) surveys.15 The survey, developed
in Microsoft Excel, asked the research team to select a village name from a dropdown list and
then press a button to acquire GPS coordinates.
The results from the ODK GPS surveys were stored on a University of Guelph server to
ensure that they were secure. These were downloaded and imported into ArcGIS 10.2.1 as an
XY event layer. These locations were used to help orient the map in order to transfer the
participatory maps from hand-drawn sketches to actual points on a digital surface.
3.4.2 Mapping Fishing Locations in ArcGIS
The shapefiles used as the base map for the participatory mapping were developed by the
Ministry of Public Works and Transportation in Cambodia and the Japan International
Cooperation Agency in 1999 as part of “Cambodia Reconnaissance Survey Digital Data”. The
data was projected in Indian 1960 UTM Zone 48 N and a datum of D Indian 1960. Eight layers
were of interest for this analysis: the river lines, river polygons, roads, provinces, districts, landuse, and country boundary. These covered for the entire country of Cambodia.
When a topographic base map was added behind the GIS layers for reference, it became
apparent that there was a problem with the data, or a problem with the way the data was
translated by ArcGIS. The GIS layers were approximately 400 metres away from the equivalent
location on the base map (See Figure 4). This was a consistent issue with all shapefiles and base
maps. The projection file was deleted from the river shapefile and the data frame projection was
changed to see if there was an error in the projection. This technique did not improve the
position of the layer, but changed the position more or made the position less accurate.

15

Open Data Kit (ODK) surveys were originally intended for use in the field for household surveys, but because of
discomfort using the tablets, and difficulty translating short-answer questions from Khmer to English (it was not
possible to type Khmer into digitized surveys). Therefore, this method was abandoned and only hardcopy paper
surveys were used.
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Figure 4: The shapefiles do not line up with the basemap; there is approximately a 400 m
difference. Basemap data: (JICA & MPWT, 2003)
To ensure that the analysis began with the most accurate layers possible, the Spatial
Adjustment toolbar in ArcGIS 10.2.1 was used to line up the shapefiles with the basemap.
Copies of the boundaries (provinces, districts, and country), land-use, river lines, roads, villages,
and river polygons for the entire country, were added to a blank map whenever possible, all
projected with Indian 1960 UTM Zone 48N. The street-view and imagery base map were both
added to the dataframe. Features are not always clear on the imagery map, especially where there
was cloud cover, so the street-view map was used to orient features, and then the shapefiles were
linked to the imagery map. Several links were added at road and river junctions, and to distinct
features; any links with high residual error were deleted. Shapefiles covering all of Cambodia
were used, rather than shapefiles only for Pursat Province, thus minimizing the potential of
skewing around the edges of Pursat. Despite using layers that covered most of Cambodia, links
were only placed in Pursat Province and surrounding areas. Eventually, six links with relatively
low residual error and an overall RMS error of 2.557829 were used (See Figure 5). All eight
features were adjusted using the Transform Affine adjustment method because the reason for the
error was not clear.
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Figure 5: Link table showing all six links with Residual Errors below 4.
The layers all shifted to their respective locations on the base map. Generally these layers
lined up with their real-world counter parts (See Figure 6Figure ), however there were some
areas that were not perfectly lined up and were off by approximately 10 metres. Other areas,
particularly river features, did not seem to line up with their counterparts (See Figure 7). This
may be the result of generalizing the features at the time of digitizing due to the poor quality of
the images, or the result of changes in flood and flow patterns between the time that the layers
were digitized and the time of image capture for the basemap.

Figure 6: Pursat River before and after the spatial adjustment was applied. Basemap data:
(JICA & MPWT, 2003)
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Figure 7: Pursat River after spatial adjustment where the shapefile and basemap do not
line up perfectly. Basemap data: (JICA & MPWT, 2003)
Since the maps are only being used to digitize hand-drawn maps that are not spatially
accurate, the small imperfections of the layers are acceptable. The shapefiles will provide a base
for mapping fishing locations and corresponding households by providing features that can be
used to orient the hand-drawn map. Fishing location and household point layers were created
with the same coordinate system. The village chief's household coordinates were used as the
village location if it was indicated on the hand-drawn map, or the centre of the village if it was
not there. In floating villages, the households massed around the village point. In contrast, landbased households were distributed along roads; therefore, the village point and road shapefile
were used as reference. Some roads were not digitized on the road layer, but were visible on the
basemap. The approximate location of households and fishing locations were digitized based on
interpretations of the cognitive maps. Some cognitive maps indicated the distance from the
household. These were approximate locations, and in some cases were not possible to digitize.
For example, a household indicated that they were fishing in the lake 30 km towards Siem Reap
Province; however, there was only 10 km between the household and the shore of Siem Reap
Province. In these situations, the distance was assumed to be incorrect, and the fishing location
was placed as far away from the household as possible, but still in the general location indicated
by the map.16 When a point was digitized, the survey number was recorded in the corresponding

16

When traveling in Pursat Province, it became apparent that many villagers were unable to accurately estimate
distances or the time required to travel to locations.
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table; this allowed the layer to be joined with tables of survey data about demographic
characteristics and the fishing activities of the household. If an arrow was used to indicate the
distance from the household to the fishing location, the point was digitized in that general
direction. If there was no arrow associated with the distance, all points were digitized in the
same direction in order to be consistent and limit bias in point locations. Consequently, there
were a few areas where fishing locations were lined up. When a group of points or circles were
used to indicate the area, the point was placed in the central location.
3.4.3 Mean Centre Analysis in ArcGIS
The fishing locations across Pursat Province were joined with attributes from surveys
using their survey ID numbers; this allowed demographic information about the household to be
attributed to the locations they were fishing in. Each attribute has all of the same potential values
used in the SPSS analysis. For example, when wealth is displayed on the map, Figure 8 shows
three different colours representing low wealth, high-low, and low-medium wealth levels of the
households fishing in these locations. Unfortunately, due to the large number of fishing location
points on the map (273 fishing points for 169 fishing households), there is some overlap of
points when the map is viewed at the lake-scale.
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Figure 8: The wealth level of all fishing locations of the surveyed households. Basemap
data: (JICA & MPWT, 2003)
To fully understand the trends of fishing locations, the Mean Centre tool in ArcGIS was
used to calculate the average fishing location of each attribute value (i.e. low wealth level). This
was not calculated at the village-level since several villages only had four households surveyed,
which is problematic because not all households in these village were fishing. If the mean
fishing location of each wealth level was calculated at the village-level, it may represent an
individual household, as opposed to the average location showing trends in fishing patterns.
Since many households do not fish near their village, this would show the average distance each
wealth level in a village travels for fishing, but this would make it difficult to determine what
mean locations were associated with each village. Therefore, it was decided to calculate the
mean locations at the survey-area scale (all 181 households across the three districts) to reveal
general trends about fishing habits of households in the floodplain of Pursat Province.
For each attribute (ex. Wealth Level), the Select By Attribute tool was used to select the
values of each demographic attribute of interest. In order to calculate the average fishing
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location, syntax such as those seen in Figure 9 were used to highlight all attributes with a certain
value. Figure 9 shows the selection of fishing locations of households with a wealth value of low
wealth.

Figure 9: The syntax used to select a particular value of an attribute.
Once this operation ran, all the fishing locations that met a certain criteria were selected.
Figure 10 highlights the fishing locations of all the households with a low wealth level. With the
values selected, the Mean Centre tool was then used to calculate the average location of all the
fishing points with that particular value. Figure 11 shows the average fishing location of
households with a low wealth level. This process was repeated for all attributes of importance
including 'fishing gear used' and their corresponding values.
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Figure 10: Screenshot of all the selected fishing locations (highlighted in blue) where
households with a low wealth level fish. Basemap data: (JICA & MPWT, 2003)

Figure 11: This screenshot shows all of the low wealth level fishing locations in light blue
and the red circle represents the calculated mean location of low wealth fishing activity in
Pursat Province. Basemap data: (JICA & MPWT, 2003)
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While this shows the average location of a household's fishing activity, it was unclear
whether the mean fishing location was a representation of where households were located. For
example, the mean location of the fishing activity of fishers with no education might be in the
lake because the average location of households with no education might also be in the lake. To
differentiate between what can be explained by the household locations, the same steps were
repeated for the households. The attributes acquired from the survey were joined to the
household location. Each household attribute's value was selected. Figure 12 shows all of the
household locations and their associated wealth values. Figure 13 displays the low wealth of the
households selected. The Mean Centre tool was then used to calculate the average location of
each attribute's value. For example, Figure 14 shows the average low-wealth-household location.

Figure 12: All 181 household locations and their corresponding wealth levels.17 Basemap
data: (JICA & MPWT, 2003)

17

Due to the close proximity of many of the households, many of the household points overlap.
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Figure 13: This screenshot shows all the households' wealth levels with the low wealth level
households selected in blue. Basemap data: (JICA & MPWT, 2003)

Figure 14: This screenshot displays both the selected low wealth households and the
average household location of low wealth participants. Basemap data: (JICA & MPWT,
2003)

55

Once all of the mean locations for attribute values in fishing and household locations
were calculated, they were displayed on the same map. Displaying household and fishing
locations on the same map allows for trends to be identified, and to determine if fishing locations
are a reflection of household location. Figure 15 shows average household and fishing locations
for their corresponding wealth levels. The figure shows three average household locations (a
point for each wealth level: low, high-low, and low-medium wealth levels) and three average
fishing locations (a point for each wealth level: low, high-low, and low-medium wealth levels).
The fishing gear maps display all fishing locations where a certain gear type was used as well as
the average household and fishing locations of participants using each gear type. The households
not using that gear type were not displayed because it was not relevant.

Figure 15: The average fishing and household locations for each value of wealth level.
Basemap data: (JICA & MPWT, 2003)
3.4.4 Chi-square and Fisher’s Exact Test in SPSS
Statistical, non-spatial analyses were conducted in SPSS using chi-square and Fisher's
exact test. To meet Objective 1, the gear types acted as dependent variables and fish species,
seasons fishing, general fishing location, dependency score, education level, ethnicity, wealth
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indicator, percentage of females fishing and percentage of females in the household, and average
of the age of the household members were independent variables. These variables were inputted
into the Cross-Tab tool in SPSS and Pearson's chi-square was selected. This method was
repeated for Objective 2. The same independent variables were used, but the dependent variables
were: 1) has the fish catch decreased in the last five years; 2) is fish size increasing or
decreasing; 3) is the diversity of fish species increasing or decreasing; 4) if fish diversity
decreases, will you continue to fish; 5) if fish catch increases but fish size decreases, will you
continue to fish for the same amount of time as now; and 6) if the fish catch increases but fish
diversity decreases, will you continue to fish for the same amount of time as now?
In some cases more than 2 × 2 tables were compared, but more than 20% of the values
had a count below five. The Pearson's chi-square is unable to acquire confident results, but since
it was not a 2 × 2 table SPSS was unable to use the Fisher's exact test. An online extended
Fisher's exact calculator, developed by Shigenobu Aoki, was used (http://aoki2.si.gunmau.ac.jp/exact/fisher/getpar.html).
3.5 Limitations
As a white female from a developed country, my positionality was a limitation when
conducting research in the villages and analysing the results. Because I accompanied the
researchers to participating households, my presence as a non-Khmer attracted the attention of
other villagers who often joined the surveys and tried to answer the questions. These non-family
members may have influenced the answers given by the household, but the researchers were
instructed to ensure that the only answers recorded were those given by members of the selected
household. My positionality also impacted my interpretation of the data; I am unable to fully
understand the context of living in a developing country with unequal access to resources
heavily influenced by socio-economic status and race, nor can I understand the lasting impact of
decades of conflict. To account for my positionality, I attempted to immerse myself as much as
possible into the culture; my efforts include talking with non-participants, fishing with
subsistence households, and reading as much academic literature as possible.
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Also, some difficulties arose with physically accessing villages. Because research was
conducted at the beginning of the wet season, some of the remote land villages were difficult to
access due to poor road conditions and heavy rains. Many of the selected floating villages were
also difficult to access and required a multiple-hour boat ride. As previously mentioned, this
difficulty resulted in two very remote villages being removed from the village list.
Additionally, even though the researchers had a good understanding of the questions, I
attended the survey interviews to provide clarification of questions when new situations arose
and to ensure that good-quality answers were being produced. Despite this, some questions
remained that were interpreted differently by participants and researchers due to the openness
and misunderstanding of certain terms such as 'off-farm employment'.
Participatory mapping was used to try to gain an understanding of where participants
were farming and fishing; this required constant feedback to ensure that the maps were of a
useable quality and included useful information (such as the location of the flooded forest).
Basemaps were not used, therefore the research assistants had to sketch a basemap with each
household and then asked household members to identify the location of important landmarks
and directions (i.e. the direction of other provinces or villages). This method posed difficulty
because some researchers reversed the province directions. Additionally, the households
estimated the distances to the fishing grounds; however, it became apparent in the field and
when digitizing maps that many households did not to accurately conceptualize this distance. For
example, one household said they were fishing 100 km away, but still in the lake; however, this
was not possible, so it was assumed that they were fishing in the furthest part of the lake in the
direction indicated. While the mapping was not perfect, the participatory maps contribute to a
basic understanding of where participants catch fish, what gear they are using, and the
approximate location of their farmland in relation to their household and other livelihoods.
3.6 Summary
In Pursat Province, 181 randomly selected households were surveyed in three different
districts. Of these households, 163 households were engaged in fishing in the Tonlé Sap Basin,
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to some degree, in 26 fish-dependent villages. Despite their difficulties with language and
historically-motivated cultural tension, 22% of the households surveyed were ethnic Vietnamese.
There were two components to the analysis of the data. After developing variables from
the collected data that were more relevant to the objective, SPSS was used to run chi-square
analysis. Additionally, the hand-drawn participatory maps were digitized and the Mean Centre
tool in ArcGIS was used to analyze fishing locations and patterns.
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Chapter Four: An Analysis of Fishing Locations and Techniques Employed
by Pursat Fishers
4.0 Introduction
Prior to analyzing households' opinions on changes to local fish populations and planned
adaptations to these changes, it was important gain an understanding of households' current
fishing practices. First, using the digitized fishing locations, spatial analysis was used to see if
there are any spatial trends as to where households are fishing. This analysis included examining
trends of household demographics and fishing locations. Second, the gear type used by each
household indicated was compared to household demographics, fishing location, and seasonal
fishing practices, as recorded in the survey.18
4.1 Fishing Locations
Due to distance and family demographics, not all households have access to all parts of
the lake or floodplain when fishing. A household's location and livelihood influence when and
where they fish, but this analysis will determine if the demographics of other households
influence where a household is fishing.
4.1.0 Household Ethnicity
When the mean fishing and household locations for each of the three ethnicities surveyed
in Pursat Province were calculated, the results reflected the historical relationship between
household ethnicities and the opportunities available to them. While the Khmer Rouge nearly
eradicated Khmer Muslims in Cambodia, there are still 700,000 living in Cambodia (Hunt,
2004). Only one village surveyed in Krakor District had households that self-identified as
belonging to this group. Figure 16 shows the mean location of fishing and households of the
three ethnicities surveyed. The mean household location of Chams is a direct reflection of the
village's location; therefore, the mean fishing location, on the edge of the flooded forest and lake,
shows that members of this village fish in floodplain and in the lake, near the shoreline. As
previously mentioned, ethnic Vietnamese people are not legal citizens in Cambodia and cannot

18

Scoop nets were also analyzed, but the relationship was not significant.
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own land. The mean location of ethnic Vietnamese households, in the mouth of the Pursat River
and on the edge of the lake and flooded forest, reflects that Vietnamese villages were located
along the shore of the lake in Kandieng and Krakor Districts. With the location of the villages
and the lack of land access, it is reasonable that the mean fishing locations of ethnic Vietnamese
is in the middle of the lake. Finally, the mean Khmer household location is in the middle of the
floodplain in Pursat Province, reflecting the dispersed nature of the Khmer villages surveyed
throughout the floodplain. The mean fishing location for Khmer participants is in the middle of
the flooded forest in Pursat Province, which depicts how Khmer fishers fish throughout the
floodplain, river, and lake.

Figure 16: The mean household and fishing location of the dominant ethnicities in Pursat
Province. Basemap data: (JICA & MPWT, 2003)
4.1.1 Family Occupation
The mean household and fishing locations were also mapped, and an interesting trend
emerged. Participants involved in farming had mean household locations in the floodplain that
were parallel to National Road #5. The mean household location of participants not involved in
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farming were located closer to the lake, parallel to Pursat River, with households solely fishing
located closest to the lake. Households with more diverse livelihoods had mean fishing locations
closer to the road and diversity of livelihoods decreased closer to the lake. Figure 17 illustrates
the mean fishing and household locations of each family-occupation category. The mean fishing
location of households that were solely involved in fishing was in the middle of the lake, and the
mean location of households that both fished and worked off-farm was on the shoreline of the
lake. Households involved in some degree of farming had mean fishing locations in the
floodplain. These results show that fishers without farmland are more likely to be fishing in the
lake and households with farmland fish more in the floodplain.

Figure 17: The mean household and fishing locations in relation to family occupations in
Pursat. Basemap data: (JICA & MPWT, 2003)
4.1.2 Education
When the average level of adult education was compared to a household's fishing
location, a trend emerged. Figure 19 shows the mean fishing and household locations compared
to the average adult education level. The mean fishing location of households with no education

62

was in the Tonlé Sap Lake. Households with some degree of primary education had a mean
fishing location in the floodplain, near to the shoreline of the lake. Finally, households with the
highest education level had a mean fishing location in the floodplain, nearest to National Road
#5. These locations follow the same trend as the mean household locations. The greatest distance
between the mean household and fishing locations of participants was for those with some
degree of primary education. Figure 18 illustrates the mean fishing and household locations
compared to the highest education level achieved in a household. When the mean locations of
the highest educations were calculated, the same trend was found. The education level increases
with distance inland from the Tonlé Sap Lake along the Pursat River. These results show that
households on the lake have less access to education than households in the floodplain, and that
access to higher education increases nearer to the National Road.

Figure 18: The mean household and fishing locations in relation to the highest education
levels achieved in Pursat. Basemap data: (JICA & MPWT, 2003)
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Figure 19: The mean household and fishing location of the average adult education level in
Pursat. Basemap data: (JICA & MPWT, 2003)
4.1.3 Gender in Fishing
Later chapters (See Chapter 4.2 and Chapter 5) allude to the importance of the gender of
fishers in households. Because of this importance, it becomes necessary to understand where
these households are located and fishing. Figure 20 shows the mean fishing and household
locations of participants with female fishers, and for those without female fishers. The mean
location of households with female fishers is in the floodplain, like the mean location of maleonly fishing households, but the former's locations are closer to the lake's shores. This location
may imply that while female-fishing households are located throughout the surveyed area in
Pursat, in floating villages, they are more common than male-dominated fishing households.19
Similarly, the mean fishing location for female fishers reflects the same trends; they are fishing
closer to the lake than male-only fishing households, but still in the floodplain.

19

This result is also reflected in the comparison of gender in fishing in water-based and land-based households (See
Appendix A).
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Figure 20: The mean household and fishing locations, compared to the gender of fishers in
Pursat. Basemap data: (JICA & MPWT, 2003)
4.1.4 Wealth Level
Based on the understanding of the floodplain gained from the literature and from
discussions in the field, it was expected that the poorest households would be located in the lake
and that wealth would increase inland through the floodplain; however as seen in Figure 21, this
is not the trend that emerged from the mapping. Figure 21 shows the mean fishing and household
locations of the three wealth levels. The mean household locations imply that the wealthiest
households are closest to National Road #5, the middle-wealth level, 'high-low', is located
closest to the lake along the Pursat River, and the lowest-wealth households are located between
them. The same trend was not found with respect to the mean fishing locations of each wealth
level. Instead, the highest and medium-wealth levels were fishing in the same location: one
symbol had to be made larger so they would both be visible. The mean fishing location for these
two wealth levels was in the flooded forest. The lowest wealth level's mean fishing location was
in lake on the shoreline, near the mouth of the Pursat River. This implies that despite the mean
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household's location being situated inland, the lowest-wealth-level fishers are more likely to be
fishing in the lake.

Figure 21: The mean household and fishing locations, compared to wealth level, in Pursat.
Basemap data: (JICA & MPWT, 2003)
4.1.5 Dependency Score
The dependency score reflects the ratio between dependents and non-dependent members
of the households. Figure 22 shows the mean fishing and household locations of the various
dependency score categories. It illustrates that there was a different trend between the mean
household location and dependency score than there was with the fishing location. There was not
a large difference in mean household location and the three levels of dependency; all three mean
locations were in the middle of the floodplain nearly centered on the Pursat River. Households
with no dependents, and households with more than 50% of the household being dependents
were very closely positioned. Households with less than 50% of the household being dependents,
were located near the other two points; however, this point was further from the mean household
dependency with less than 50% than the other two fishing dependency points were from their
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corresponding household locations. These results show that all three household dependency
levels are located throughout the survey area. A different relationship was found with the fishing
location. While all three levels were again clustered, households with less than 50% dependency
were fishing closest to the lake, households with no dependents were fishing furthest from the
lake but closest to the Pursat River, and households with greater than 50% dependency were
fishing in-between but very close to the highest dependency fishing location. These results show
that the greatest distance between mean fishing and household locations have a household
dependency ratio of less than 50%.

Figure 22: The mean household and fishing locations, compared to dependency levels in
Pursat. Basemap data: (JICA & MPWT, 2003)
4.2 Fishing Gear Used
Gear type appeared to be a significant component of a household’s fishing activities.
Observation showed that fishers would adapt their gear-use based on the height of the water. As
shown in the field sketch (See Appendix B: Hand Drawn Field Sketch), gear types were specific
to certain regions.
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4.2.0 Bamboo Trap
Bamboo traps are horizontal traps made of strips of bamboo and are used to catch shrimp
(Deap, Degen, & Van Zalinge, 2003). According to Deap et al. (2003), this gear type is used by
both male and female fishers in the floodplain during the annual flood pulse (Deap et al., 2003).
Of the 169 fishing households surveyed, 6.5% (11 households) were using bamboo traps. The
location of bamboo traps can be seen in Figure 23; this map shows where households that
identified as using bamboo traps indicated they were fishing. Most of the households that said
they were using a bamboo or rattan trap were fishing in floodplain in Bakan District.

Figure 23: The fishing locations of households using bamboo traps as well as the mean
fishing and household locations. Basemap data: (JICA & MPWT, 2003)
Figure 24 shows the relationship between households that indicated they were using
bamboo traps and the species of fish they were catching. Bamboo or rattan traps had a significant
relationship with the fish species targeted by a household, specifically Channa striata. With
respect to households catching Channa striata, 86.3% of respondents were not using a bamboo
or rattan trap, and 13.7% were; however, 96.6% of households not targeting Channa striata were
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not using a bamboo trap, and only 3.4% were using traps. If a household was targeting Channa
striata, they were less likely to use a bamboo trap. Fisher's exact test found a significant

Household Using Bamboo/Rattan Trap

correlation with Channa striata (x2 = 6.251, df = 1, p < 0.05).
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Figure 24: The percentage of households targeting Channa striata that were using
bamboo/rattan traps.
4.2.1 Cast net
Cast nets are nets with lead weights around the bottom so that when they are thrown they
unfold into a circle (Deap et al., 2003). According to Deap et al. (2003), Cham fishers are very
skilled at using this type of net, and these nets are used less frequently by female fishers. These
nets were reported as being used in the Tonlé Sap Lake, its tributaries, and in the floodplain
during both the wet and dry season (Deap et al., 2003). Of the fishing households surveyed,
24.8% (42 households) stated that they were using cast nets. Figure 25 demonstrates where
households that identified as using cast nets indicated they were fishing. Most of the households
surveyed that were using cast nets said that they were fishing around the rivers and shorelines.
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Figure 25: The fishing location of households using cast nets as well as the mean fishing
and household location. Basemap data: (JICA & MPWT, 2003)
When households using cast nets were compared to the dominant ethnicity of the
household, a trend emerged. Figure 26 shows the relationship between households that identified
as using cast nets and the dominant household ethnicity. With regards to Khmer households,
73.0% of households reported not using a cast net and 27.0% reported using a cast net. To a
lesser degree, ethnic Vietnamese households also reported using cast nets; of the ethnic
Vietnamese households surveyed, 91.9% said they were not using cast nets, and only 8.1% were
using this gear type. In contrast to the other dominant ethnicities, only 16.7% of Cham
households said they did not use a cast net, whereas 83.3% said they were using a cast net. These
results show that Cham households were very likely to use a cast net and ethnic Vietnamese
households were likely to not use a cast net. Fisher's exact test determined that there was a very
strong relationship between the use of cast nets and the primary ethnicity a household identified
with (x2 = 16.849, df = 2, p < 0.001).
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Figure 26: The percentage of households in each ethnicity group using cast nets.
Additionally, when a household's occupation was compared to whether they used a cast
net, a relationship was found. Figure 27 shows the relationship between households that
identified as using a cast net and the household's livelihood strategies. With regards to
households that were only fishing, 8.9% of households said they were using a cast net, and
91.1% said they were not. In contrast, 30.3% of households that were both fishing and farming
said they were using cast nets, and 69.7% of households were not. Similar to households that
were only fishing, 7.7% of households that were involved in fishing and off-farm jobs said they
were using cast nets, and 92.3% of households said they were not. Finally, 48.1% of households
that were involved in fishing, farming, and off-farm jobs said that they use cast nets, and 51.9%
of households said that they were not using this gear type. The results demonstrate that if a
household was involved in farming, they were more likely to use a cast net than if they did not
engage in farming; this relationship is particularly true with households involved in all three
occupation types, which had a 50-50 chance of using cast nets. Pearson's chi-square test found a
very strong relationship with a household's occupation and use of cast nets (x2 = 27.833, df = 3, p
< 0.001).
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Figure 27: The percentage of households in each occupation group using cast nets.
Figure 28 shows the relationship between households that are using cast nets and the
average adult education level achieved in a household; it was found that a household's education
level correlated with the use of cast nets. When comparing gear type to the average adult
education level in the household, 100.0% of households with no education reported that they
were not using cast nets. With regards to households with some primary education, 23.3% of
households reported using a cast net, and 76.7% reported they were not. Finally, 42.3% of
households with an average education level of secondary or higher said they were using cast
nets, and 57.7% were not. Similar to Figure 28, Figure 29 shows the relationship between a
household's highest education level achieved and households that have identified as using a cast
net. Like average education, 100.0% of households whose highest education level achieved was
no education, reported not using cast nets. In contrast, 16.5% of households with primary school
as their highest level of education said they were using a cast net and 83.5% were not. More so,
39.1% of households with secondary or higher education as the highest level of schooling
achieved were using cast nets, and 60.9% were not. When comparing average or highest
education levels, as education levels increased, a household was more likely to use a cast net.
Pearson's chi-square test found a strong correlation between the average education of adults in
the household (x2 = 7.719, df = 2, p < 0.05) and the highest education level achieved by any
member of the household (x2 = 13.921, df = 2, p < 0.001).
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Figure 28: The percentage of households that are using cast nets in each average adult
education group.
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Figure 29: The percentage of households using cast nets in each highest education group.
A relationship was found between the species of fish targeted by a household and the use
of cast nets. When asking households about their fishing habits, 28.0% of households not
targeting Cyclochilichthys enoplos were using cast nets, but 72.0% were using another gear type.
Figure 30 shows the relationship between households that were using cast nets and the fish
species they indicated they were targeting. On the contrary, 100.0% of households targeting
Cyclochilichthys enoplos were not using cast nets. With respect to households not targeting
Anabas testudineus, 29.1% were using cast nets and 70.9% were not; however, 3.6% of
households targeting Anabas testudineus were using cast nets and 96.4% were using another
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gear type. The results show that if a household was catching Anabas testudineus or
Cyclochilichthys enoplos, they were less likely to use a cast net than if they were catching
another fish species. Pearson's chi-square and Fisher's exact tests, respectively, found a
significant relationship with Anabas testudineus (x2 = 6.830, df = 1, p < 0.05) and

Household Using Cast Net

Cyclochilichthys enoplos (x2 = 7.079, df = 1, p < 0.05).
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Figure 30: The percentage of households targeting each fish species using cast nets.
The location where a household said they were fishing correlated with a household's use
of cast nets. Figure 31 shows the relationship between households that are using cast nets and
where they indicated they were fishing. With regards to households not fishing in the Tonlé Sap
Lake, 35.7% of participants said they were fishing with a cast net, and 64.3% said they were not;
however, only 14.1% of households fishing in the lake were using cast nets and 85.9% were
using another gear type. In contrast, 18.3% of households not fishing in a river or stream were
using cast nets and 81.7% were not using cast nets. Finally, 59.3% of households fishing in the
river or stream were using a cast net, and 40.7% of households were not. If a household is
fishing in the lake, they are less likely to use a cast net than if they are fishing somewhere else;
however, if a household is fishing in the river or stream, they are more likely to use a cast net
than if they are fishing somewhere else. The Pearson's chi-square test found a significant
relationship with the Tonlé Sap Lake (x2 = 9.427, df = 1, p < 0.05) and a very strong relationship
with the river or stream (x2 = 18.236, df = 1, p < 0.001).
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Figure 31: The percentage of households using cast nets and fishing in each location.
4.2.2 Gillnet
Gillnets are mesh nylon nets of sizes varying from less than 50 mm to greater than 70
mm (Deap et al., 2003). This is a low-cost gear that is generally assembled by the household
(Chum, 2010). Deap et al. (2003) described gillnets as a gear type used by both genders of
fishers, during both the wet and dry season in the lake, tributaries, and floodplain. Of the fishing
households surveyed, 88.8% (150 households) reported using gillnets. Figure 32 shows the mean
fishing and household locations of households using gillnets; the map also shows the fishing
location of every household using gillnets. As it demonstrates, households that were using
gillnets were fishing throughout the lake and the floodplain of the Tonlé Sap.

75

Figure 32: The fishing locations of households using gillnets, as well as the mean fishing
and household locations. Basemap data: (JICA & MPWT, 2003)
When a household's calculated wealth level was compared to their gear use, a
relationship was found with the use of gillnets. Figure 33 illustrates the relationship between
households using gillnets and their calculated wealth level. As seen in Figure 33, households
within the lowest wealth-level, low wealth, had 93.5% of households reporting as using a gillnet,
and 6.5% reported using other gear types. The middle level of wealth, upper-low, had 92.5% of
households using gillnets, and 7.5% of households not. Finally, the highest level of wealth
surveyed, low-medium, had 79.6% of households using gillnets, and 20.4% were not using
gillnets. While all wealth levels use gillnets, these results show that as the wealth level increases,
a household is less likely to use gillnets. Pearson's chi-square test found a correlation between
the use of gillnets and a household's wealth (x2 = 6.660, df = 2, p < 0.05).
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Figure 33: The percentage of households in each wealth level using gillnets.
Figure 34 shows the relationship of households using gillnets and the dominant ethnicity
a household identifies with. As seen in the figure, a relationship exists between the dominant
ethnicity identified within the household and whether that household was using gillnets. When
asked about fishing gear used, 84.9% of Khmer households reported using gillnets, and 15.1%
were not. In contrast, 100.0% of ethnic Vietnamese households were using gillnets to fish. Like
the ethnic Vietnamese, 100.0% of Cham households reported using gillnets. While all ethnicities
surveyed were using gillnets, ethnic Vietnamese and Cham households were more likely to use
gillnets than Khmer households. Fisher's exact test determined that there is a significant
relationship between the primary ethnicity a household identifies with and the use of gillnets (x2
= 7.305, df = 2, p < 0.05).
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Figure 34: The percentage of households in each ethnicity group using gillnets.
Additionally, Figure 35 shows the relationship between households that were using
gillnets and the occupations of the household. With regards to households that were only fishing,
97.8% said that they were using gillnets, and only 2.2% said that they were not. In contrast,
87.9% of households that were fishing and farming reported that they were using gillnets, and
12.1% of households reported using other gear types. Similar to households only fishing, 92.3%
of households that were involved in fishing and off-farm jobs said they were using gillnets, and
8.2% of households said they were not using gillnets for fishing. Finally, 78.8% of households
that were involved in fishing, farming, and off-farm jobs said they were fishing with gillnets, and
21.2% of households said they were not using this gear type. The results show that households
not involved in farming are more likely to use gillnets than farming households. When
examining these variables, Fisher's exact test found a significant relationship (x2 = 9.307, df = 3,
p < 0.05).
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Figure 35: The percentage of households in each occupation group using gillnets.
The location where a household fished had a very significant relationship with the use of
gillnets. Figure 36 shows the relationship between households using gillnets and where the
household was fishing. When asked about where members of the household were fishing, 79.8%
of participants not fishing in the Tonlé Sap Lake said they were using gillnets and 20.2% said
they were not. In contrast, 97.6% of households fishing in the lake were using gillnets and only
2.4% were using other gear types. On the other hand, 93.7% of households not fishing in a river
or stream reported that they were using gillnets and only 6.3% were not. Finally, 63.0% of
households fishing in the rivers or streams were using gillnets and 37.0% did not report using
gillnets. If a household was fishing in the lake, they were more likely to use gillnets than if they
were not fishing in the lake; however, if a household was not fishing in a river or stream, they
were more likely to use gillnets than if they were fishing in a river or stream. The chi-square and
Fisher's exact tests respectively found a very strong relationship with households fishing in the
Tonlé Sap Lake (x2 = 11.810, df = 1, p < 0.05) and rivers or streams (x2 = 21.426, df = 1, p <
0.001).
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Figure 36: The percentage of households fishing in each location using gillnets.
Additionally, Figure 37 shows a relationship between the season when a household fishes
and whether the household uses gillnets. With regards to households fishing in the wet season,
72.7% of households said they were using gillnets, and 27.3% of households were not. In
contrast, 93.3% of households fishing during the dry season reported using gillnets, and 6.7% of
households were using another gear type. Similarly, 94.5% of households fishing during both the
wet and dry seasons used gillnets, and only 5.5% did not use gillnets. These results show that
households are more likely to use gillnets if they are fishing in both seasons, or in the dry season,
rather than just during the wet season. Fisher's exact test found a very strong relationship
between the season of fishing and the use of gillnets (x2 = 15.338, df = 2, p < 0.001).
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Figure 37: The percentage of households fishing in each season and using gillnets.
Finally, there was a relationship between households with female members fishing and
the use of gillnets. Figure 38 shows the relationship between households using gillnets and
female fishers in the household. With regards to households that had only male fishers, 81.2% of
households said they were using gillnets, and 18.8% said they were not. In contrast, if a
household had females fishing, 96.4% of households said they were using gillnets compared to
only 3.6% who were using other gear types. These results show that households with female
fishers are more likely to use gillnets than male-only fishing households. The chi-square results
showed a significant relationship between the use of gillnets and the gender of fishers (x2 =
7.770, df = 1, p < 0.05)
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Figure 38: The percentage of households with female fishers using gillnets.
4.2.3 Hook line
Hook lines are nylon fishing lines with a hook and generally a bamboo pole (Deap et al.,
2003). This gear type is used by fewer fishers than other gear types due to the inefficiency of
catching fish and the time-consuming process of gathering bait (Chum, 2010). According to
Deap et al. (2003), this gear is a small-scale fishing gear that is predominately used by children
and women. This gear type is used only at the beginning of the dry season in the Tonlé Sap Lake
and in the floodplain, and throughout the dry season in tributaries (Deap et al., 2003). 16.0% (27
households) of those surveyed reported that they were using a hook line. Figure 39 shows where
households using a hook line indicated that they were fishing; additionally, this map indicates
the mean fishing and household locations of participants who a use hook line. Most of the
households that indicated they were using hook lines were in the floodplain and around the large
rivers.

82

Figure 39: The fishing locations of households using hook lines as well as the mean fishing
and household locations of fishers using this gear type. Basemap data: (JICA & MPWT,
2003)
A pattern emerged when a household's calculated wealth level was compared to whether
the members were using a hook line. Figure 40 shows the relationship between households that
were using hook lines and their calculated wealth level. As seen in the graph, among participants
in the lowest wealth level, low, only 6.5% stated that they were using hook lines, while 93.5%
were not using hook lines. Among participants in the middle level of wealth, upper-low, 20.8%
of households were using hook lines, and 79.2% were not using this type of fishing gear. Finally,
among the group surveyed with the highest level of wealth, low-medium, 22.2% used hook lines,
and 77.8% did not. These results show that households with the lowest level of wealth were less
likely to use hook lines, and as wealth levels increase, there is a slight increase in the percentage
of households using hook lines. Pearson's chi-square test found a significant correlation between
the use of hook lines and a household’s wealth (x2 = 6.661, df = 2, p < 0.05).
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Figure 40: The percentage of households using hook lines in each wealth level group.
Figure 41 shows the relationship between households using hook lines and the dominant
ethnicity of the household. When asked about gear types used, 20.6% of Khmer households said
they were using a hook line, and 79.4% have been using other gear types. In contrast, 0.0% of
ethnic Vietnamese households were using hook lines. Finally, 16.7% of Cham households were
using a hook line, while 83.3% said they were using another gear type. If a household does not
identify as ethnic Vietnamese, the members are more likely to use a hook line; Households that
identified as ethnic Vietnamese do not use a hook line. Pearson's chi-square test determined there
was no relationship with the primary ethnicity identified by the household (x2 = 9.074, df = 2, p
< 0.05).
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Figure 41: The percentage of households in each ethnicity group using hook lines.
When the gender of fishers was compared to gear type, a relationship emerged with the
use of hook lines; Figure 42 shows the relationship between households using hook lines and
whether there were female fishers in the household. With regards to households that had only
male fishers, 23.5% of households said they were using hook lines, while 76.5% said they were
not using hook lines to fish. In contrast, if a household had females fishing, only 8.3% of
households said they were using hook lines, compared to 91.7% who were not using a hook line.
These results show that if a household has female fishers, they are less likely to use a hook line
than male-only fishing households. The chi-square test found a relationship between the use of
hook lines and female household members fishing (x2 = 5.542, df = 1, p < 0.05).
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Figure 42: The percentage of households with female fishers using hook lines.
A household’s occupation also correlated with the use of a hook line. Figure 43 shows
the relationship between households using a hook line and the livelihood strategies employed by
the household. Of households that were only engaged in fishing, 4.4% were using a hook line
and 95.6% were not. In contrast, 18.2% of households that were fishing and farming said they
were using hook lines, and 81.8% of households said they were using another gear type.
Similarly, 12.8% of households that were involved in fishing and off-farm jobs said they were
using a hook line, and 87.2% of households were not. Finally, 26.9% of households there were
involved in fishing, farming, and off-farm jobs said they were using this gear type, and 73.1% of
households were using another gear type. These results show that as a household's livelihood
diversity increases, so does the likelihood of them using a hook line; more households with two
or three livelihoods were using a hook line than households with only one livelihood strategy
Pearson Chi-square found a significant relationship (x2 = 9.509, df = 3, p < 0.05).
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Figure 43: The percentage of households using hook lines in each occupation group.
There was a correlation between the species of fish targeted and the use of a hook line.
Figure 44 shows the relationship between households that are using hook lines and the fish
species they are targeting. The survey showed that 12.1% of households not targeting Anabas
testudineus were using hook lines and 87.9% were not. With regards to households targeting
Anabas testudineus, 35.7% of the households were using this gear type, while 64.3% were not
using hook lines. Of the households not targeting Puntioplites proctozysron, 20.0% of
participants were using this gear type and 80.0% were not using hook lines; however, only 2.6%
of households targeting Puntioplites proctozysron reported using a hook line and 97.4% did not.
When looking at households that were not targeting Channa striata, 10.2% of households said
they were using a hook line and 89.8% were not. With respect to households targeting Channa
striata, 29.4% reported that they were using hook lines and 70.6% were not. Finally, 12.2% of
households not targeting Clarias meladerma were using a hook lines and 87.8% were using
another gear type; however, 33.3% of households targeting this fish species were using a hook
lines and 66.7% were not. If a household is targeting Channa striata, Clarias meladerma, or
Anabas testudineus, they are more likely to use a hook line than if they are targeting other fish
species; however, if they are targeting Puntioplites proctozysron, the households are less likely
to use hook lines than if they are targeting other fish species. Pearson's chi-square test found a
significant relationship with the Channa striata (x2 = 8.441, df = 1, p < 0.05), and Puntioplites
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proctozysron (x2 = 5.557, df = 1, p < 0.05). Fisher's exact test found a relationship between the
use of hook lines and Clarias meladerma (x2 = 8.186, df = 1, p < 0.05), and Anabas testudineus
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(x2 = 9.740, df = 1, p < 0.05).
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Figure 44: The percentage of households using hook lines targeting each fish species.
Additionally, the location in which a household reported to be fishing has a relationship
with the use of a hook line; Figure 45 shows the relationship between households using a hook
line and where they are fishing. With regards to households not fishing in the Tonlé Sap Lake,
27.4% of households said they were using hook lines to fish and 72.6% of households said they
were using another gear type. In contrast, only 4.7% of households that were fishing in the lake
said they were using hook lines, and 95.3% said they were not using hook lines. On the other
hand, 11.9% of households not fishing in the flooded forest reported using a hook line, and
88.1% of households reported not using this gear type; however, 32.4% of households fishing in
the flooded forest said they were using hook lines, and 67.6% of households said they were
using another gear type. If a household is fishing in the lake, they are less likely to use a hook
line than if they are fishing elsewhere; however, if they report fishing in the flooded forest there
is an increased chance of them using a hook line than households fishing in other locations.
Pearson's chi-square test found a significant relationship with the use of hook lines and fishing in
the flooded forest (x2 = 7.045, df = 1, p < 0.05) and a very strong relationship with the use of
hook lines among fishers in the Tonlé Sap Lake (x2 = 14.537, df = 1, p < 0.001).
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Figure 45: The percentage of households fishing in each location using hook lines.
4.2.3 Hook Longline
Hook longlines are sets of nylon fishing lines and hooks that reach the bottom or middepth of the water and are attached to a fiber floating on the surface (Deap et al., 2003). While
Deap et al. (2003) state that there is no relationship between the gender of fishers and the use of
this gear, they reported that children and female fishers are more likely to use this gear type.
Hook longlines are used all year in the tributaries and in the Tonlé Sap Lake, and are used in the
floodplain at the end of the dry season and beginning of the wet season (Deap et al., 2003). Of
the fishing households surveyed, 7.7% (13 households) said they were using hook longlines.
Figure 46 shows where surveyed households that are using hook longlines are fishing, as well as
the mean fishing and household locations. Most of these households were fishing in the
floodplain and around the shoreline of the lake.
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Figure 46: The fishing locations of households using hook longlines as well as the mean
fishing and household locations. Basemap data: (JICA & MPWT, 2003)
Figure 47 shows the relationship between the species targeted by a household and
whether they are using a hook longline. A significant correlation was found between the use of
longlines and the fish species targeted by a household. The survey showed that 10.0% of
households not targeting Puntioplites proctozysron were using hook longlines and 90.0% were
not. With regards to households targeting Puntioplites proctozysron, 100.0% of the households
were not using hook longlines. Similarly, only 5.0% of households not targeting Clarias
meladerma were using a hook longline and 95.0% were using another gear type; however,
20.0% of households targeting this fish species were using a hook longline and 80.0% were not.
These results show that households targeting Clarias meladerma are more likely to use a hook
longline that households targeting other species, whereas households targeting Puntioplites
proctozysron are less likely to use a hook longline than households not targeting this species.
Fisher's exact test found a relationship between the use of hook longlines and households

90

targeting Puntioplites proctozysron (x2 = 4.225, df = 1, p < 0.05) and Clarias meladerma (x2 =

Household Using Hook Longline

7.781, df = 1, p < 0.05).
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Figure 47: The percentage of households targeting each fish species using hook longlines.
4.2.4 Dragnet
A dragnet, or seine, is a large net that requires several fishers to operate, and captures
large quantities of fish (Deap et al., 2003). This gear is not small-scale and is therefore illegal in
the lake. According to Deap et al. (2003), this gear type is generally used by men. Seines are
generally used from the end of the wet season to the end of the dry season (Deap et al., 2003). Of
the fishing households surveyed, 4.7% (8 households) reported using a dragnet. Due to the
illegal nature of the use of dragnets in the Tonlé Sap Lake, no map was created showing the
locations of fishing with dragnets.
A trend emerged when the dominant ethnicity of a household was compared to the use of
dragnets or seines. Figure 48 shows the relationship between households using dragnets and the
household's ethnicity. When asked about what gear type they were using, only 0.8% of Khmer
households said they were using a dragnet, and 99.2% were not. In contrast, 16.2% of ethnic
Vietnamese households reported using a dragnet, and 83.8% were using another gear type.
Similarly, 16.7% of Cham households were using a dragnet and 83.3% were not. The results
show that Cham and ethnic Vietnamese were more likely to use dragnets, but there were still
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Khmer households using drag nets. Fisher's exact test found a very strong relationship between
the use of dragnets and the primary ethnicity of the household (x2 = 17.050, df = 2, p < 0.001).
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Figure 48: The percentage of households in each ethnicity group using dragnets.
Figure 49 illustrates the relationship between the average adult education level and
households using a dragnet. The graph shows that there was a trend between the average level of
adult education in the household and whether they were using a dragnet. When examining the
average level of education of adults in the household, 20.0% of households with no education
reported using dragnets and 80.0% did not. With regards to primary education, only 4.5% of
households said they were using dragnets and 95.5% were using another gear type. In contrast,
100.0% of households with an average education level of secondary or higher reported not using
a dragnet. The results show that as the average education level increases, a household is less
likely to use a dragnet. Fisher's exact test revealed that there was a relationship between
education and the use of dragnets (x2 = 6.475, df = 2, p < 0.05).
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Figure 49: The percentage of households in each education level using dragnets.
4.3 Summary
A mixture of GIS and chi-square techniques provided a deeper understanding of where
different household demographics are fishing and what characteristics influence a household’s
use of gear types. As expected, the fish species targeted by a household corresponds with the
fishing gear used. Of more interest is that several gear types had strong correlations with the
dominant ethnicity of the household, education level, and the gender of fishers. There were
several relationships that support significant themes in the research:


Household education levels increase inland from the lake,



There is no difference in fishing location of middle and upper wealth levels, but the
lowest level fishers fish closest to the lake,



Cast nets were reported to be used more by Khmer and Cham households,



A household was more likely to use a cast net the higher their education level was and
the more diverse their livelihoods were,



Khmer households are the only ones to report not using a gillnet, whereas ethnic
Vietnamese were the only households to report not using a hook line,



As wealth level increases, a household is less likely to report using a gillnet and more
likely to use a hook line,
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Households with female fishers were more likely to report using a gillnet and less likely
to use a hook line, and



All ethnicities surveyed reported using a dragnet, but this likelihood decreased with
increased education level.
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Chapter Five: Perceptions of Fish Populations and Changes in Livelihood
Strategies
5.0 Introduction
Natural and anthropogenic changes are occurring in the Tonlé Sap Lake; however, it is
important to understand how households around the lake are perceiving the impact of these
changes and how these households believe they will react to future changes. This chapter
explores fishers’ perceptions of three changes in fish populations – 1) decreased quantity of
overall catch; 2) decreased mean size of individual fishes; and 3) decreased fish species diversity
– and will outline how households plan to adapt their livelihood strategies when faced with these
changes. Drawing on data collected and analyzed in Chapter 3, these scenarios were compared to
household demographic data and fishing strategies to determine if a household’s practices
influenced how they perceive change, and their willingness or ability to change these strategies.
5.1 Perception of Whether Fish Catch is Decreasing
For households that depend on fishing for consumption and income, one of the most
concerning changes to fisheries is the decrease in fish catch. 'Catch' is defined as the total weight
of fish that a household catches per day. Each fishing household was asked whether they thought
the quantity of fish catch had been decreasing over the last five years. Of the households
surveyed, 71% stated that there had been no decrease in their catch and 29% saw a negative
change. Unfortunately, due to the nature of the question, it is unclear whether the remaining 71%
reported no change, or an increase in their overall fish catch. The fishing locations of a
household were compared to their perception of changes in their overall fish catch. Figure 50
shows the fishing location of households that have seen a decrease in their fish catch and Figure
51 illustrates where households that have not seen a decrease in fish catch have been fishing. As
these to maps demonstrate, there appears to no one location where households are encounter a
decrease in fish populations.
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Figure 50: The fishing location of households that have seen a decrease in their fish catch.
Basemap data: (JICA & MPWT, 2003)

Figure 51: The fishing location of households that have not seen a decrease in their fish
catch. Basemap data: (JICA & MPWT, 2003)
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While there is no indication if households reported a decrease in fish catch over the past
five years, households were asked when the last 'good' and 'bad' year of fishing was and how
much they caught. Many households indicated that these years were in the recent past, although
it is unclear whether this was due to the temporal scale of the memory or if due to real changes
in the system in recent years. Figure 52 and Figure 53 show scatter plots of these results for the
last five years.20 Each circle on the graphs represents the quantity (kg) of fish that the household
said they caught during their best and worst year. The average catch for the perceived best and
worst years are not displayed because these data may not have accurately display the actual
amount of fish caught that year. A household's catch is a reflection of the amount of time and
gear invested into the household's operations; displaying the range of the catch in those years
reflects the diversity of fishing households and shows how much fish different households were
catching. Since each household was only allowed to indicate one year, these scatter plots show
differing opinions about good and bad years, and the number of households that indicated each
recent year. The results show that 12.4% of households thought that 2009 was a good year and
13.6% thought that 2011 was; however, 11.9% of households thought that 2012 was a bad year
for fishing, and 33.9% thought that 2013 was a poor fishing year. Over the past five years, there
appears to have been more of a fluctuation in good and bad fishing years, rather than a steady
trend of decreasing, increasing, or stable fish catches.

20

While 38.1% of surveyed households indicated that 2014 was a bad year for fishing (only 3.0% said it was a good
year), the survey was conducted in May/June 2014 and therefore did not accurately indicate the year's fish catch.
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Figure 52: The kilograms of fish caught in the last good year of fishing.

Figure 53: The kilograms of fish caught in the last bad year of fishing.
When compared to household demographic variables calculated in Chapter 3, Pearson's
chi-square and Fisher’s exact tests found that there was no significant correlation with any of the
variables and perceptions of whether fish catch had decreased. None of the resulting tests had a
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p-value below 0.064. Fisher’s exact test found more significant relationships with the fish
species that were caught and perceptions of decreases in population. Figure 54 shows the
relationship between households' perception of catch size and the species of fish they were
catching. The survey showed that 32.6% of households not targeting Anabas testudineus
reported a decrease in overall fish catch over the past five years, while 67.4% did not. With
regards to households targeting Anabas testudineus, 10.7% of the households said there was a
decrease in catch size and 89.3% said there was not. Of the households not targeting Puntioplites
proctozysron, 35.4% of participants reported a decrease in fish catch and 64.6% did not;
however, only 7.7% of households targeting Puntioplites proctozysron reported a decrease and
92.3% did not. When looking at households that were not targeting Micronema bleekeri, 24.1%
of households said there was a decrease in catch and 75.9% did not. With respect to households
targeting Micronema bleekeri, 53.6% reported that there was a decrease over the past five years
and 46.4% did not. In contrast, 35.9% of households not targeting Henicorhynchus lobatus
reported a decrease and 64.1% did not; however, 13.5% of households targeting Henicorhynchus
lobatus said there was a decrease and 86.5% said there was not a decrease in fish catch.
Households targeting Henicorhynchus lobatus, Puntioplites proctozysron, and Anabus
testudineus were more likely to say that there was not a decrease in fish catch than households
not targeting these species; however, households targeting Micronema bleekeri were more likely
to say there was a decrease in fish catch over the last five years. Of the top ten species caught,
four of them had a significance of less than 0.05: Puntioplites proctozysron (x2 = 9.870, df = 1, p
< 0.001)21, Henicorhynchus lobatus (x2 = 7.746, df = 1, p < 0.05), Micronema bleekeri (x2 =
8.468, df = 1, p < 0.05), and Anabus testudineus (x2 = 4.435, df = 1, p < 0.05).

21

In 2x2 tables, I looked at the Continuity Correction value.
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Figure 54: The percentage of households catching each fish species that has perceived a
decrease in fish catch.
Figure 55 illustrates the relationship between a household's perception of changes in fish
catch and where they were fishing. As the graph shows, with regards to the fishing location,
50.0% of participants who fished in the flooded forest did not see a decrease in their overall fish
catch, although the other 50.0% did see a decrease. In contrast, 76.3% of households fishing
somewhere other than the flooded forest (i.e. the river, lake, or in and around the village) did not
see a decrease in their catch, but 23.7% did. These results show that if a household is fishing in
the flooded forest, there is an equal chance that the household will see a decrease or an increase
in their overall fish catch; however, if they are not fishing in the forest, they are more likely to
perceive an increase or no change in their fish catch. Pearson's chi-square test found a strong
correlation between households fishing in the flooded forest and their perception of change (x2 =
7.890, df = 1, p < 0.05), but this was not the case in any other location or season.
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Figure 55: The percentage of households fishing in the flooded forest that have perceived a
decrease in fish catch.
5.2 Perception of Changes in Mean Individual Fish Size
With all of the changes in the Tonlé Sap Lake, it is important not only to predict how fish
populations will change, but also how households perceive these changes. Households were
asked whether fish were decreasing in size over time; 84.6% of fishing households reported that
fish size was decreasing, 7.1% reported an increase in the fish size, and 8.3% reported no
change. A household's perception of changes in the size of fish caught was mapped in
conjunction with their fishing locations. Figure 56 shows where households that have perceived
a decrease in the size of fish they catch are fishing. These households appear to be fishing
throughout the lake and floodplain. Figure 57 shows the location of the households who have
seen the size of fish increasing; they appear to be fishing predominately in Kandieng district near
the Pursat River. Finally, Figure 58 illustrates where households who believe there has been no
change in the size of fish said they were fishing. These households are fishing mainly on the
shore between Pursat River and Krakor district.
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Figure 56: The fishing location of households that have seen a decrease in the size of fish.
Basemap data: (JICA & MPWT, 2003)

Figure 57: The fishing location of households that have seen a increase in the size of fish.
Basemap data: (JICA & MPWT, 2003)
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Figure 58: The fishing location of households that have seen no change in the size of fish.
Basemap data: (JICA & MPWT, 2003)
When compared to household wealth, there was a distinct variation found between the
way households of different wealth levels perceived changes in the size of fish they were
catching. Figure 59 shows the relationship between a household's perception of changes in the
size of fish and the household's calculated wealth level. As seen in the figure, the lowest wealth
level, low, had 93.5% of households reporting a decrease in size, 1.6% reporting an increase, and
4.8% reporting no change in the size of fish they were catching. The middle level of wealth,
upper-low, had 84.9% of households reporting a decrease in size, 9.4% reporting an increase,
and 5.7% reporting no change in the size of fish. Finally, the highest level of wealth surveyed,
low-medium, had 74.1% reporting a decrease, 11.1% reporting an increase, and 14.8% reporting
no change in the size of fish caught. While most households are seeing a decrease in the size of
fish, these results show that as a household's wealth level increases, they are less likely to see a
decrease in fish size, and more likely to see no change, or an increase. Fisher's exact test found a
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significant relationship between wealth levels and perceptions of changes to the size of fish (x2 =

Change in Fish Size (% of Households)

9.66, df = 4, p < 0.05).
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Figure 59: The percentage of households in each wealth group that have perceived changes
in fish size.
Figure 60 shows the relationship between a household's perception of changes in fish size
and the dominant ethnicity of that household. As seen in the graph, households of different
ethnicities in Pursat perceived different changes to the size of fish in the lake. When asked about
changes in the size of fish, 84.9% of Khmer households said they have seen a decrease, 5.6%
have seen an increase, and 9.5% have seen no change in the size of the fish. In contrast, 86.5%
of ethnic Vietnamese households perceived a decrease in the size of fish caught, 13.5%
perceived an increase in size, and no households said there was no change. Finally, 66.7% of
Cham households reported a decrease in fish size, and 33.3% said there has been no change.
However, unlike the Khmer and ethnic Vietnamese, no households that identified as Cham have
seen an increase in the size of fish caught. While most households are seeing a decrease in the
size of fish caught, Cham households are more likely to see no change in the size of fish and do
not see an increasing in the size of fish. Fisher's exact test also found a significant relationship
between the primary ethnicity identified within the household and changes in the size of fish
populations (x2 = 11.081, df = 4, p < 0.05).

Change in Fish Size (% of Households)
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Figure 60: The percentage of households in each dominant ethnicity group that have
perceived changes in fish size.
The use of certain gear types also had a strong correlation with perceptions of changes in
the mean size of individual fish. Figure 61 shows the relationship between a household's
perception of changes in fish size and the fishing gear type they are using. With regards to
households not using hook lines, 88.0% have seen a decrease in fish size, 4.9% have seen an
increase in size, and 7.0% have seen no change in the size of fish caught. In contrast, 66.7% of
households using hook lines have seen a decrease, 18.5% have seen an increase, and 14.8% have
seen no change in the size of fish caught. Similar to the case of hook lines, there was a
relationship with households using cast nets and how they perceived changes in the size of fish.
When examining households that do not use cast nets, 88.2% said there has been a decrease in
fish size, 8.7% reported an increase, and 3.1% reported no change in the size of fish caught. On
the other hand, 73.8% of households using cast nets have seen a decrease in fish size, 2.4% have
seen an increase, and 23.8% have seen no change in the size of fish caught. While most
households were seeing a decrease in size, households using a hook line or cast net were more
likely to see no change in the size of fish caught, and were less likely to see a decrease. Fisher's
exact test found a significant relationship with hook lines (x2 = 8.778, df = 2, p < 0.05) and a
very strong relationship with cast nets (x2 = 18.787, df = 2, p < 0.001).
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Figure 61: The percentage of households using each gear type have perceived changes in
fish size.
5.3 Perception of Changes in Species Diversity
Similar to fish size, it is believed that the diversity of fish species in the lake will
decrease with increased fishing pressure or exposure to anthropogenic perturbations. Each
fishing household was asked whether the diversity of fish species caught has increased or
decreased. Of the responding households, 88.2% reported that there has been a decrease, 7.7%
said there has been an increase, and only 4.1% reported no change. The perceptions of changes
in fish diversity were also mapped with the corresponding household's fishing locations. Figure
62, 63, and 64 show the fishing locations of households who have perceived a decrease, increase
and no change respectively, in the diversity of fish species caught. As seen in Figure 62,
households that have seen a decrease in the diversity of fish they are catching are fishing
throughout the lake and its floodplain. Yet fishing households who believe there has been an
increase in the size of fish being caught are fishing near the mouth of major tributaries such as
the Pursat River (See Figure 63). Finally, as seen in Figure 64, households that said there has
been no change in the size of fish they are catching are fishing predominantly around the Pursat
River.
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Figure 62: The fishing location of households that have seen a decrease in the diversity of
fish species. Basemap data: (JICA & MPWT, 2003)

Figure 63: The fishing location of households that have seen a increase in the diversity of
fish species. Basemap data: (JICA & MPWT, 2003)
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Figure 64: The fishing location of households that have seen no change in the diversity of
fish species. Basemap data: (JICA & MPWT, 2003)
Similar to perceptions of changes in fish size, Figure 65 shows relationship between
wealth level and whether households have perceived changes in the diversity of species caught.
With regards to the lowest level of wealth, low, 96.8% of households have seen a decrease in the
diversity of fish species, and 3.2% have seen an increase in the diversity of fish species caught.
Among the middle wealth level, upper-low, 86.8% of households reported a decrease, 9.4% said
there was an increase, and 3.8% said there was no change in the diversity of species of fish
caught. Finally, with regards to the highest wealth level, lower-middle, 79.6% of households
have seen a decrease in diversity, 11.1% have seen an increase, and 9.3% have seen no change in
the diversity of species caught. While most households report a decrease in species diversity, as
the level of wealth increased, a household was less likely to see a decrease in the diversity of
species caught and the percentage of households seeing an increase or no change increased.
Fisher's exact test found a significant correlation between perceptions of change in species
diversity and household wealth (x2 = 9.616, df = 4, p < 0.05).
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Figure 65: The percentage of households in each wealth group that have perceived changes
in fish species diversity.
Additionally, there was a correlation between gear type used by the household and
perceptions of changes in diversity, as seen in Figure 66. This graph shows the relationship
between whether a household believes there are changes in fish diversity and the gear type they
are using. With regards to households not using hook lines, 89.4% have seen a decrease in the
diversity of species, 5.6% have seen an increase, and 4.9% have seen no change in the diversity
of fish species caught. In contrast, 89.4% of households using hook lines have seen a decrease,
5.6% have seen an increase, and 4.9% have seen no change in the diversity of fish caught.
Similar to households using hook lines, there was a relationship between households using cast
nets and how they perceived changes in the diversity of fish species caught. Households using
hook lines were less likely to say there was a decrease or no change in fish species diversity, but
rather were more likely to report an increase in the diversity of species caught. When examining
households not using cast nets, 90.6% reported a decrease, 8.7% reported an increase, and 0.8%
of households reported no change in the diversity of fish caught. On the other hand, 81.0% of
households using cast nets have seen a decrease in fish diversity, 4.8% have seen an increase,
and 14.3% have seen no change in the diversity of fish species caught. While most households
report a decrease in species diversity, unlike hook lines, households using a cast nets were more
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likely to say that there was no change in diversity of species caught, than to report an increase or
decrease. Fisher's exact test found a significant relationship with hook lines (x2 = 6.390, df = 2, p
< 0.05) and a very strong relationship with cast nets (x2 = 14.838, df = 2, p < 0.05).

Change in Species Diversity (% of
Households)

100
90
80
70

Fishing Gear Used

60

Hook Line No

50

Hook Line Yes

40

Cast Net No

30

Castnet Yes

20
10
0
Decreasing

Increasing

No Change

Perceptions of Change

Figure 66: The percentage of households using each gear type that have perceived changes
in fish species diversity.
5.4 Changes in Livelihood Strategy Species Diversity Decreases
Each household was asked if they would change their livelihood strategy if they caught
fewer species of fish. Of the fishing households surveyed, 62.1% said they would continue
fishing, but 37.9% (64 households) of fishing households reported that they would not continue
fishing. Households that would not continue fishing said they would increase their off-farm job
activities or expand the amount of time engaged in farming. Compared to when households were
asked if they would change their livelihood strategies if their total fish catch decreased, more
households said they would change their livelihoods if they caught fewer species of fish.
Figure 67 shows the relationship between a household's perception of changes in species
diversity and their calculated wealth level. As seen in the graph, among households at the lowest
wealth level, low, 74.2% said they would spend the same amount of time fishing as they
currently do, and 25.8% would change the amount of time they spend fishing. The middle level
of wealth, upper-low, had 54.7% of households say they would spend the same amount of time
fishing, and 44.4% said they would change the amount of time spent fishing. Finally, among
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respondents from the highest level of wealth surveyed, low-medium, 55.6% of households
saying they would continue fishing the same amount of time, and 44.4% said they were willing
to change the amount of time they spent fishing. While there is still an 'inverted-U-shape' trend
with wealth that is seen in other comparisons with livelihood-strategy changes, it is less
pronounced. Upper-low wealth households are more likely to say that they would change the
amount of time they spend fishing than households in the other two wealth levels; however,
there is only a 0.9% difference between the upper-low and lower-middle levels. In fact, upperlow and lower-middle levels of wealth are both very close to having half the households saying
they would change, and the other half saying they would not change. Pearson's chi-square test
found a significant relationship between household wealth level and whether households would

Continue with the Same Level of Fishing

continue fishing if the species diversity of their catch decreased (x2 = 6.065, df = 2, p < 0.05).
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Figure 67: The percentage of households in each wealth group that would continue fishing
if the species diversity of their catch decreased.
Figure 68 shows that there was a relationship between the gender of household members
fishing and whether they would change the amount of time they spend fishing if there was a
decrease in the diversity of fish species. With regards to households that had only male fishers,
54.1% of households said they would continue fishing if the diversity of fish species decreased;
however, 45.9% said they would change the amount of time they spent fishing. In contrast, if a
household had females fishing, 70.2% of households said they would continue fishing for the
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same amount of time if fish species diversity declined, compared to 29.8% of female fishing
households who would change their fishing strategies. While many households would continue
fishing regardless of gender, these results show that households that have female members
fishing are more likely than houses with only male fishers to continue fishing for the same
amount of time if the diversity of species decreases. Pearson's chi-square test found a significant
correlation between households who would change their livelihood strategies and households

Continue with the Same Level of Fishing

that had female members fishing (x2 = 6.042, df = 1, p < 0.05).
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Figure 68: The percentage of households with each gender-group of fishers that would
continue fishing if the species diversity of their catch decreased.
Figure 69 shows the relationship between a household's willingness to adapt to changes
in species diversity and their occupation. A trend was found when household occupations were
compared to a household's willingness to change the amount of time they spent fishing if the
diversity of the fish species caught decreased. With regards to households that were only fishing,
80.0% said they would continue fishing to the same degree if fish species diversity decreased,
and 20.0% said they would change the amount of time they spent fishing. In contrast, 54.5% of
households that were fishing and farming said they would continue fishing for the same amount
of time if fish species diversity decreased, however, 45.5% of households said they would
change their fishing strategies. Similar to households only fishing, 71.8% of households that
were involved in fishing and off-farm jobs said they would continue fishing for the same amount
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of time, and 28.2% of households said they would change the amount of time they spent fishing.
Finally, 44.2% of households that were involved in fishing, farming, and off-farm jobs said they
would continue fishing for the same amount of time, and 55.8% of households said they would
change their fishing strategies if there was a decrease in fish species diversity. While most
households would continue fishing, these results show that there was a 50-50 divide with
households involved in farming and households involved in fishing but not farming, with the
former planning to change the amount of time they spent fishing, and the latter being more likely
to continue fishing for the same amount of time; therefore, households engaged in farming and
more than one livelihood are more likely to change their livelihood strategies. Pearson's chisquare test found a significant relationship between a household's occupations and whether they
would continue fishing (x2 = 15.543, df = 3, p < 0.05).
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Figure 69: The percentage of households in each occupation group that would continue
fishing for the same amount of time if fish species diversity decreased.
Additionally, the fish species targeted by a household had a relationship with household's
willingness to change their livelihood strategy given a decrease in the diversity of fish species
caught; Figure 70 shows the relationship between these two variables. If a household was not
targeting Clarias meladerma, the results showed that 67.7% of respondents would continue
fishing the same amount of time, while 32.4% would change their fishing strategy if species
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diversity decreased. However, 36.7% of households targeting Clarias meladerma said they
would continue fishing for the same amount of time, and 63.3% of household would change their
livelihood strategy if fish species diversity decreased. These results show that if a household was
targeting Clarias meladerma, they are more likely to change the time they spend fishing than if
they are not targeting this species. The chi-square test found a significant relationship between
Clarias meladerma and a household's willingness to spend the same amount of time fishing (x2 =

Continue with the Same Level of Fishing

8.779, df = 1, p < 0.05).
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Figure 70: The percentage of households targeting Clarias meladerma that would continue
fishing for the same amount of time if fish species diversity decreased.
Figure 71 shows the relationship between a household's willingness to adapt to decreases
in species diversity and where they indicated they were fishing. As seen in the figure, where a
household was fishing played a large role in if the household would continue to fish if the
diversity of fish catches decline. With regards to households not fishing in the Tonlé Sap Lake,
41.7% of households said they would continue fishing and 58.3% of households said they would
change the amount of time they spent fishing. In contrast, 82.4% of households that were fishing
in the lake said they would continue fishing, and 17.6% said they would change the amount of
time they spent fishing. On the other hand, 67.7% of households not fishing in and around their
village would continue fishing the same amount, while 32.3% of households would change the
amount of time they spent fishing; however, 45.2% of households fishing in and around their
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village said they would continue fishing the same amount, and 54.8% of households said they
would change the amount of time they spent fishing. Households fishing in the Tonlé Sap Lake
are more likely to continue fishing the same amount, regardless of changes in the diversity of
fish caught, than households not fishing in the lake. On the contrary, households not fishing in
and around their village were more likely to continue fishing the same amount than households
not fishing near the village. Pearson's chi-square test found a significant relationship between
households planning to continue fishing the same amount if fish species diversity changed and
households fishing in and around their village (x2 = 5.856, df = 1, p < 0.05), and a very strong
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relationship with households fishing in the Tonlé Sap Lake (x2 = 28.020, df = 1, p < 0.001).
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Figure 71: The percentage of households fishing in each location that would continue
fishing the same amount if fish species diversity changed.
Finally, Figure 72 shows the relationship between the season when a household was
fishing and whether the household would continue fishing if the diversity of fish species
decreased. With regards to households fishing in the wet season, 45.5% of households said they
would continue fishing the same amount if diversity decreased, and 54.5% of households would
change their fishing strategies. Similarly, 53.3% of households fishing in the dry season would
continue fishing the same amount, and 46.7% of households would change the amount of time
they spent fishing. In contrast, 70.0% of households fishing during both the wet and dry seasons
would continue fishing, and only 30.0% would change their fishing commitment. While most
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households will continue fishing, these results show that households are less likely to change the
amount of time they spend fishing if they fish in both seasons rather than just the wet season or
just the dry season. Pearson's chi-square test found a relationship between a household's
likelihood to continue fishing the same amount given changes to fish diversity and the season in

Continue with the Same Level of Fishing

which the household fishes (x2 = 8.589, df = 2, p < 0.05).
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Figure 72: The percentage of households fishing in each season that would continue fishing
the same amount if fish species diversity changed.
5.5 Changes in Livelihood Strategy if Fish Size Decreases and Catch Increases
Households were asked how they would adapt if the predictions came to fruition and the
size of fish decreased, but their total catch volumes increased. Households were asked if they
would spend the same amount of time fishing as they do currently if this were to happen. Of the
fishing households surveyed, 88.2% responded that they would continue fishing the same
amount, but 11.8% (20 households) said they would alter their livelihood strategies.
Figure 73 shows the relationship between a household's calculated wealth level and their
willingness to adapt to a decrease in fish size but an increase in overall catch. As seen in the
graph, the lowest wealth level, low, had 93.5% of households say they would spend the same
amount of time fishing as they currently do, and a 6.5% change in the amount of time they spend
fishing. The middle level of wealth, upper-low, had 77.4% of households say they would
continue spending the same amount of time fishing, and 22.6% said they would change the
amount of time they spent fishing. Finally, the highest level of wealth surveyed, lower-middle,
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had 92.6% of households saying they would continue fishing for the same amount of time, and
7.4% were willing to change the amount of time they spent fishing. While most households will
continue fishing, these results show that households in the middle-level wealth category are
more likely to change their livelihood strategies than the low and high levels of wealth. Pearson's
chi-square test found a relationship between a household's wealth and whether they would

Continue Fishing the Same Level if Size
Increases but Catch Decreases

continue fishing if the total catch increased but fish size decreased (x2 = 8.669, df = 2, p < 0.05).
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Figure 73: The percentage of households in each wealth group that would continue fishing
the same amount if fish size decreased but catch levels increased.
In addition, Figure 74 shows the relationship between a household's willingness to adapt
to a decrease in diversity but an increase in overall catch size, and whether there are female
fishers in the household. There appears to be a trend in the gender of fishers in a household and
whether the household would continue spending the same amount of time fishing. With regards
to households that had only male fishers, 82.4% of households said they would continue fishing
the same amount if the size of fish decreased but catch levels increased; however, 17.6% said
they would change the amount of time they spent fishing. In contrast, in households with female
fishers, 94.0% said they would continue fishing the same amount of time, compared to 6.0%
who would change their fishing strategy. While most households will continue fishing, these
results show that if there were female fishers, the household was more likely to continue fishing
the same amount than male-only fishing households. Pearson's chi-square test also found a
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significant relationship with whether female household members were fishing and planned

Continue Fishing the Same Level if Fish
Size Increases but Catch Decreases

adaptations to fish size and catch changes (x2 = 5.288, df = 1, p < 0.05).
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Figure 74: The percentage of households with female fishers that would continue fishing
the same amount if fish size decreased but catch size increased.
Additionally, Figure 75 shows that there was a relationship between the percentage of
dependents in the household and whether the household would continue fishing the same amount
of time if the size of fish decreases but overall catch levels increase. With regards to households
that had no dependents, 91.4% said they would continue fishing the same amount and 8.6% said
they would change their fishing strategies. Of the households with 1-50% of their household
being dependents, 83.0% said they would continue fishing as they currently do, and 17.0% said
they would change the amount of time they spent fishing. Finally, among households with 51100% of their household classified as dependents, 100.0% of the respondents said they would
continue fishing as they currently do, and none would change. While most households would
continue fishing, these results show that households that had a few dependents were more likely
to change the amount of time fishing than households with more than 50.0% dependents or no
dependents. Pearson's chi-square test found a significant correlation with a household's
dependency score (x2 = 7.478, df = 2, p < 0.05).
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Figure 75: The percentage of households in each dependency score group that would
continue fishing the same amount if fish size decreased but catch sizes increase.
5.6 Changes in Livelihood Strategies if Diversity Decreases and Catch Increases
The second scenario households were asked about was how they would adapt if the
biologists' predictions came to fruition and the diversity of fish species caught decreased, but
their total catch increased. Households were asked if they would spend the same amount of time
fishing if these changes occurred. Of the fishing households that responded, 88.8% of
participants said that they would continue fishing, but 11.2% (19 households) responded that
they would change their livelihood strategies. Compared to the question where households were
asked how they would adapt to a decrease in fish diversity, fewer households would decrease the
amount of time they spend fishing if the overall catch increases simultaneously.
When the gender of fishers was compared to whether a household would continue fishing
for the same amount of time if the number of species caught decreased but the overall catch
increased, a relationship was found; Figure 76 shows this relationship. With regards to
households that had only male fishers, 83.5% of households said they would continue fishing if
the diversity of fish species decreased but catch levels increased; however, 16.5% said they
would change the amount of time they spent fishing. In contrast, if a household had females
fishing, 94.0% of households said they would continue fishing for the same amount of time,
compared to 6.0% who would change their fishing strategy. While most fishers would continue
fishing regardless of whether the total catch increased and the species diversity decreased, if
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female members of the household were fishing, the household was more likely to report that they
would continue fishing for the same amount of time than male-only fishers. This relationship is
similar to the one found when respondents were asked about if the size of fish decreased but
overall catch levels increased. The chi-square test found a significant relationship between if
households would continue fishing as they currently do, and whether female members of the
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household were fishing (x2 = 4.461, df = 1, p < 0.05).
100%
90%
80%
70%
60%
50%

Yes

40%

No

30%
20%
10%
0%
No Female Fishers

Female Fishers

Gender of Fishers

Figure 76: The percentage of households with female fishers that would continue fishing at
the same level if species diversity decreased but catch levels increased.
Figure 77 shows the relationship between a household's willingness to adapt and their
calculated dependency score. As seen in the graph, there was a trend found between households
that would continue fishing to the same degree and the percentage of dependents in the
household. With regards to households that had no dependents, 94.3% said they would continue
fishing the same amount and 5.7% said they would change their fishing strategies. Of the
households with 1-50% of their household as dependents, 83% said they would continue fishing
as they currently do, and 17% said they would change the percentage of time spent fishing.
Finally, households with 51-100% of their household classified as dependents had 100.0% of
respondents say they would continue fishing as they currently do and none would change. These
trends are similar to the ones seen with a decrease in fish size but an increase in overall catch.
While most households will continue fishing, households with some dependents, rather than
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none or greater than 50.0% dependents, are more likely to change their fishing strategies. Similar
to the decrease in fish size but increase in catch, households with greater than 50.0% dependency
would not change their fishing strategies. Fisher's exact test found a strong relationship with a
household's dependency score and predicted adaptation of fishing strategies (x2 = 8.700, df = 2, p
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< 0.05).
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Figure 77: The percentage of households in each dependency score group that would
continue fishing at the same level if the diversity of fish species decreases but catch
increases.
There was also a relationship between fishing gear used and whether a household would
continue fishing if the total catch increased but the species diversity decreased; Figure 78 shows
the comparison between these two variables. Among households that said they were not using a
hook longline, 90.4% said they would continue fishing and 9.6% said they would change their
commitment to fishing if the diversity of species decreased but overall catch increased. In
contrast, 69.2% of households using a hook longline said they would continue fishing, and
30.8% said they would change the amount of time they spent fishing. While most households
would continue fishing, if a household was using a hook longline, these respondents were more
likely to say they would change the amount of time the household spent fishing than if they were
not using that gear type. Fisher's exact test found a significant relationship with whether a
household used a hooked longline and how they planned to adapt to changing fisheries (x2 =
5.381, df = 1, p < 0.05).
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Figure 78: The percentage of households using a hook longline that would continue fishing
at the same level if fish species diversity decreased but catch levels increased.
5.7 Summary
The results from the analysis clearly show that households are not reporting a decrease in
their overall fish catch; however, they are perceiving a decrease in the size and species diversity
of the fish population. Despite the different changes to the fish populations, most households
will not change the amount of time that they will spend fishing if they are presented with the
potential changes to the lake. A household's perception of changes and their willingness to adapt
largely correlate with a household's wealth level, the gender of fishers, and the species of fish
caught. There were several relationships that support significant themes in the research:


Households targeting smaller fish species are less likely to see a decrease in fish catch,



Households with a low wealth level are more likely to say there has been a decrease in
fish size and diversity,



Households with more diverse livelihoods are more willing to adapt their livelihood
strategy to a decrease in species diversity, and



Female fishing households and those with lower and upper levels of wealth are less likely
to adapt to changes in the lake.
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Chapter Six: Discussion
6.0 Introduction
Overall, the results of this research make two distinct contributions to research: 1) an
empirical, and 2) a methodological contribution. Empirically, the results support the theory about
indiscriminant fisheries established by McCann et al. (In Review) and establishes that
households are not interested in changing their livelihood strategies following changes to the
lake. Methodologically, this research has provided an innovative means of developing a wealth
indicator in developing countries and emphasizes the potential use of hand-drawn maps in GIS the use of quantitative methods in qualitative research. The next four sections will discuss these
themes in greater detail.
6.1 Empirical Contribution
6.1.0 Perceived Changes to Fish Populations in the Tonlé Sap Lake
In many developing countries where people are heavily reliant on fish for their protein,
indiscriminate fishing activities are common (McCann et al., In Review). McCann et al's. (In
Review) definition of indiscriminate fisheries implies that all fish populations are caught equally
across all trophic levels. While other researchers are trying to prove the validity of this
statement, it is believed that the Tonlé Sap Lake is an example of an indiscriminate fishery.22
Even if they only fish during one season, most of the households surveyed reported using more
than one gear type and targeting more than one fish species. McCann et al. (In Review) have
theorized how the fish population in an indiscriminate fishery will change overtime.
In many ways, the results presented here show that communities are perceiving a decline
in fish size and species abundance, however no discernible change in total fish harvest can be
understood as a confirmation of the ecological theory called 'indiscriminate fisheries'. McCann et
al. (In Review) believe that indiscriminate exploitation of fish species across the lake will lead to
a high mortality rate of fish in the upper trophic level and an increase in productivity among the
lower levels. This means that large, slow-reproducing, K-selected species will decrease in
22

Kristina Deenik's (2015) undergrad project involved the use of data from this research and additional literature to
show that the Tonlé Sap Lake's fishery is indiscriminate.
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population in the Tonlé Sap Lake. The decrease in large predatory fish will allow smaller,
rapidly reproducing, r-selected species to increase in population. If the theory about
indiscriminate fisheries were to apply to the Tonlé Sap Lake, it would imply that fishing
households would notice a decrease in the size of fish, and a decrease in the diversity of fish
species, but an overall increase in the size of their fish catch.
When asked whether they were seeing a decrease in the size of the fish that were being
caught, an overwhelming 84.6% of fishing households said there was a decrease; these results
imply that households are catching r-selected species and fewer K-selected species. As a
household's wealth level increased, there was less likelihood of them observing a decrease in fish
size. This trend could be associated with a household's occupation; households with a lowwealth-level have lower livelihood diversity and engage primarily in fishing. Therefore, these
households spend more time in the lake and fishing than households from higher-wealth-levels.
Regardless of the reasoning, this observed decrease in the size of fish caught in Pursat supports
the indiscriminate fishery theory.
Similarly, a large proportion, 88.2% of households observed a decrease in the number
species they were catching in the Tonlé Sap Basin. Similar to fish size, lower-wealth-level
households were more likely to observe a decrease in the diversity of fish caught. This
correlation is most likely related to the fishing practices of floating households that are
predominantly involved in fishing and have few other livelihoods. These households would be
more impacted by the changes in the composition of the lake's fish populations than wealthier,
land-based households. The perceived decrease in the diversity of fish species supports the
indiscriminate fisheries theory in the Tonlé Sap Basin.
Unfortunately, despite it being clear that households are not observing a decrease in their
overall fish catch, it is unknown whether catches are remaining constant, or have been increasing
over the last five years. The trends of good and bad fishing years do not provide any additional
insight; over the last five years, there have been some extremely good fishing years (such as
2011 and 2009), but there have been some conflicting reports about the quality of fish catch (for
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example, 2013 was reported as a bad year for fishing). The fish species that a household catches
impacts how they perceive fluctuations in population. Households that did not report a decrease
in fish catch were targeting smaller fish species, whereas households targeting Micronema
bleekeri, a large fish species, reported a decrease. While many Pursat fishers claim that the
changes, particularly decreases, in the quantity of fish caught over the last few years are the
result of fishing activities (i.e. increase in fishers and illegal gear), it is not possible to distinguish
these changes from other anthropogenic activities in the basin. Although it may not be explicitly
stated that there has been an increase in the productivity of fish species in the lower trophic
level, other evidence implies that McCann et al.'s (In Review) theory applies to the situation
currently occurring in the Tonlé Sap Lake.
Despite uncertainty about changes to the overall fish catch, households are observing
changes to the mean size and diversity of fish populations which McCann et al. (In Review)
theorized would be observed in an indiscriminate fishery. According to their theory, the
reduction of species diversity will make the fish population vulnerable to small changes in the
lake (McCann et al., In Review). Variability in fish populations allow for fish to have different
adaptive responses to biotic and abiotic changes (McCann, 2000). Changes due to dam
development and climate change, which impact the hydrological system, can have a significant
impact by altering ecosystems and causing the fishery to collapse (McCann et al., In Review).
The presence of the stages proposed in the indiscriminate fisheries theory could have concerning
implications not only for the biological system, but also for the livelihoods of households reliant
on the lake. With a perceived increase in fish catch, households may be unwilling to adapt to
other changes in the lake; however, if the fishery collapses, many households, especially those at
the lowest wealth level, will not have alternative livelihoods to rely on for subsistence or income.
With limited diversity options, the future of the fishers, particularly those in floating villages, is
unclear.
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6.1.1 Adaptations to Changes in Fish Populations in the Tonlé Sap Lake
Fishing households in Pursat Province recognize the changes in the diversity and size of
fish being caught. Households have attributed the changes in fish catch to the height of the
water, climactic events, and the use of fishing lots; however, a large portion of Pursat households
believe that the reason why they are seeing changes in their fish catch, whether an increase, or
decrease, is because of an increase in fishers in the basin and the use of illegal gear. Despite an
understanding of changes in the lake - 33.1% of households say they have considered quitting
fishing, and 62.9% say they did not think their children would fish - more than 60% of
households said that they will not alter the amount of time they are spending fishing.
Supported by findings of Nuorteva et al. (2010) regarding household's coping to
temporary changes, these results indicate that despite acknowledging changes to the Tonlé Sap
Lake, households in the floodplain are not likely to abandon fishing. During times of temporary
change, poorer fishing households have resorted to borrowing rice and money from villagers,
middlemen, and loan providers; however, not all households are comfortable resorting to loans
as they are aware of their inability to pay back the loan (Nuorteva et al., 2010). In fishing
villages, households also resorted to collecting edible aquatic plants and engaging in fishingrelated employment such as helping large-scale fishing operations (Nuorteva et al., 2010). Some
villages in the floodplain have households that are involved predominantly in farming, but fish in
their spare time; during times of change, households whose primary occupation was farming
relied on farming-related employment and fishing (Nuorteva et al., 2010). Because most of the
current changes to the lake are small and temporary, most households will continue relying on
fishing or other natural resources from the lake.
When presented with a choice, most households would prefer to maintain their fishing
livelihoods in the village, rather than emigrate for other employment opportunities.
Unfortunately, adaptability around the lake is limited. In contrast, studies in East Africa have
indicated that as the magnitude of fish changes, the number of households that report that they
will change their livelihood strategy increases (Cinner et al., 2009). However, results show that
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the households that are most likely to change their livelihood strategies are in the high-low
wealth category. These results are likely a reflection of livelihood diversity and opportunities.
Households at the lowest wealth level, who are shown to be less willing to adapt, are
predominantly involved in fishing only (50.0%), or in fishing and off-farm jobs (21.9%). These
households do not have access to land and are predominately floating villages (67.8% of floating
households are classified as low-wealth); because of this, these households are less likely to have
the resources to diversify their livelihoods.23 As alluded to, fishing households have limited
ability to diversify their livelihood strategies, they also have low socio-economic capacity, and
their current livelihoods are strongly connected with natural resources and the hydrological
system (Nuorteva et al., 2010). There are additional limitations such as the lack of agriculture
land, unequal access to other livelihoods, and the poor management strategies of the fisheries
(Nuorteva et al., 2010). Many households on the Tonlé Sap Lake want to expand their fishing
livelihoods to include activities such as fish-processing and aquaculture, while agricultural
households would expand livestock operations and grow different crops (Nuorteva et al., 2010).
Households at the highest wealth-level, who are also likely to continue fishing, are
predominately involved in fishing and farming (35.0%), or fishing, farming, and off-farm
employment (35.0%). With access to land, these households are likely to fish only when they are
unable to farm and are not reliant on fishing as their main source of income. However, middlewealth-level households are fairly evenly distributed across each of the four main occupation
categories. These households presumably have opportunities and resources to access other
livelihood strategies, but are currently not utilizing them. In other studies, some households have
considered adapting by starting a small business (Nuorteva et al., 2010); this option was
something proposed by several households as a means to adapt. Regardless, many households
would rather remain in their village than diversify their livelihoods (Nuorteva et al., 2010).
Consequently, the middle-wealth-level is the group that is most likely to change the time they
spend fishing when faced with changes.
23

There is no correlation between wealth-level and ethnicity, so these results are not related to legal status in
Cambodia.
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Additionally, households with female fishers are less likely to alter their livelihood
strategies when faced with changes to the fish catch in the Tonlé Sap Basin. Gender and fishing
is a topic that arose several times in conversations with participants. Studies, such as the one by
Hapke (2001), have shown that female members in fishing households in other developing
countries are generally involved in the processing and vending of fish, rather than catching fish.
However, 48.5% of fishing households surveyed in Pursat had female members of the household
directly involved in fishing. Yet of the 62.9% of households that said their children would not
fish, seven households said this was because their children were female. Gender being used as a
reason for children to not be involved in fishing brought to question why some households had
female fishers and others did not. While there are female fishers in all household-demographic
categories, these households are generally in the low-wealth level, in floating villages, have
primary school as their highest education, are not involved in farming, and have high
dependency scores.24 The actual percentage of females in the household had no influence on the
gender of the fishers. As previously discussed, the reasons why many households with female
fishers are likely to continue fishing despite alterations to the aquatic environment are the lack of
opportunities to diversify livelihood strategies due to low-wealth-levels and living in a floating
village. In one interview, a woman in a floating village was concerned about sending her kids
away from the floating village to engage in off-farm jobs, and would prefer if her children
continued fishing in the village. Unlike some developing countries, households in Cambodia
have female members engaged in fishing, and these households are less likely to adapt to
changes in the lake.
When presented with different scenarios, the households had varying degrees of
willingness to adapt to perceived changes in the lake. The greatest willingness to change
livelihood strategies was seen if the diversity of fish species in the lake decreased, but all other
aspects remained the same. It can be theorized that this is the result of the value of species
diversity; when valuable fish species decrease in quantity, households with the ability to find
24

See Appendix A: Gender in Fishing for a breakdown of the relationship between female fishing households and
household demographics.
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other profitable employment will take that opportunity. Yet when households were asked how
they would alter their livelihood strategies if they were presented with the scenarios theorized by
McCann et al. (In Review), just over 10% would be willing to change. This decrease in an
already-low number of households willing to alter their livelihoods may be the result of an
increase in the overall fish catch. While households will not be able to target larger fish species,
and will catch fewer species, the increase in overall catch compensates for the loss of K-selected
species for fishing households. If the fish population reaches capacity, and the ecosystem
collapses from its own inability to adapt, many of the households that are reliant on fishing as
their primary occupation will not have the ability to diversify their livelihoods, will have an
uncertain future in the lake.
Regardless of their understanding of the changes in the Tonlé Sap Lake, most households
are not interested in changing their livelihood strategy and will continue fishing regardless. This
could have huge implications on the fish population and ecosystem in the basin. While
households reported that they will continue fishing to the same degree, or expand their fishing
activities to incorporate other aspects of fishing, there is a chance of decreased fishing activities
in lieu of the next generation of potential fishers. Most households do not think their children
will be fishing, and instead expect their children to receive an education or engage in off-farm
jobs in the future. Yet it is unknown whether the next generation of potential fishers will have
the opportunities their parents wish to bestow upon them. With the future of fishing uncertain in
Cambodia, policies and programs need to be developed to account for the demographics that
correlate with a household's willingness and ability to adapt.
6.2 Methodological Contribution
6.2.0 Wealth Indicators in Developing Countries
It is well-acknowledged in the development literature that identifying the extent to which
different households have access to resources is a huge methodological challenge. Therefore,
one of the contributions of this study is in developing a wealth-ranking approach that combines a
number of different types of data. In other studies, several different characteristics of a
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household have been used to determine a household's wealth-level including income, the amount
of land owned, education level, and access to food. Unfortunately, these are not always a good
indicator of wealth. Establishing an accurate indicator can be especially difficult when developed
from existing information due to the unreliability of income data.
In many countries, income alone is used as an indicator of wealth. In this study, income
data was gathered in each household engaged in off-farm jobs, but this information was not an
accurate reflection of the monetary assets available to the household. Self-employment can cause
reported income to be problematic because an individual may not know how to assign it a value
(Morris et al., 2000). It can also be difficult to estimate the annual income of some households in
Pursat Province because they often barter goods and services with other members of the
community. Overall, the income of members of rural households may not accurately reflect the
resources that these households have access to.
The unreliability of income in developing countries has been established, so some studies
have used other wealth indicators including education, occupation, and land holdings
(Galobardes, Morabia, & Bernstein, 2001; Morris et al., 2000). However, in many situations,
there is no actual purchase of land and not all land has equal productivity potential; therefore, it
is hard to put a value on land (Morris et al., 2000). In Pursat, many of the participating
households did not own permanent rights to their property, and several participants implied that
land is shared through the family rather than purchased. Additionally, many households stated
that there is difficulty with agricultural production and reaching potential yields because of water
availability. So, despite having access to land, a household may be unable to reach their land’s
full potential yield, thus decreasing the value of the land. This means that a household in Pursat
with land is not necessarily wealthier than a household without land.
Households of different socioeconomic status have differing diets (Galobardes et al.,
2001). Even households of low income will prioritize staple food items (Thorne-Lyman et al.,
2010); however, these households will spend less income on non-essential food items like meat,
fruit, or eggs (Melgar-Quinonez et al., 2006). Each participating household was asked about their
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expenditures and consumption, specifically whether they consumed: rice, fish, eggs, milk,
poultry, pork, beef, vegetables, and fruit. No household surveyed consumed milk, so that was
excluded from the analysis. Beef and pork were the only two foods that every participating
household purchased and did not gather or raise for self-consumption, despite households
owning cows and pigs. Eggs were the only food that almost every participating household
consumed (176 households), but was largely not self-produced – only one household consumed
eggs solely from their own chickens.
While diet diversity has been shown to be a good indicator of access to resources, the
wealth indicator used in this study was made more robust to account for the social complexities
present in Cambodia that contribute to wealth. In addition to the incorporation of diet, the
livelihood strategies employed by each household’s members that contribute subsistence or
income was added. Incorporating all of the household members' livelihood strategies accounted
for the diversity of occupations employed and accessible to the household. Employment was
ranked by its relative importance based on the potential income that could be made from that
employment in the ideal situation.
Finally, the incorporation of the household's location accounted for the unequal
distribution of access to resources. As shown by the maps, floating villages tend to have lower
education levels; opportunities for education increase in the floodplain. Households in floating
villages do not have access to land and have limited abilities to diversify their livelihoods.
Salmivaara et al. (2015) have also stated that fishing villages have diminished access to diverse
livelihoods, education, and markets. Establishing a wealth indicator that takes into consideration
whether a household is on land or in a floating village, accounts for many of the injustices
associated with the status of ethnic Vietnamese and fishing villagers' inability to access
resources.
To ensure the strength of a wealth indicator based on household location, diet diversity,
and livelihood strategies, it was compared to the total number of food items purchased, the total
number of food items grown, and the dependency score. The results of the regression analysis
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showed a strong correlation with the number of food items grown (B = .134, p < 0.001) and the
dependency score (B = -.007, p < 0.001). As the number of food products collected or grown by
the household increases, so does wealth; this is logical as it would indicate that a wealthier
household has access to agricultural land and would correspond with livelihood diversity. Of
more interest is the relationship with the dependency score, as the data used to create the wealth
indicator do not directly incorporate dependency. The results show that households with fewer
dependents have higher wealth levels; this result is logical as more dependents mean fewer
members in the household contribute to the wealth level. While these results may be a reflection
of the data used, it still helps reinforce the importance of developing a complex wealth indicator.
The wealth indicator correlated with many gear types, decisions about future livelihood
strategies, and perceptions of changes to fish populations. Of most relevance to the wealth of a
household is the gear type chosen. As a household's wealth-level increases, the likelihood of a
household using a gillnet decreases. Gillnets are an inexpensive gear type (Chum, 2010);
therefore, it is logical that they will be used predominately in low-wealth households. On the
contrary, the likelihood of a household using a hook line increases as wealth level increases.
Households using more targeted gear types are apt to be wealthier households. These households
unlikely to engage in fishing full-time, and are not reliant on fish for their primary income;
consequently, these households can afford to spend more time collecting bait and waiting to
catch a certain species.
Developing an indicator of a household's wealth is difficult, especially in developing
countries where firmly determining income is nearly impossible. Incorporating previouslysupported wealth indicators with an indicator of the societal complexities within developing
countries enables the development of a strong wealth indicator. The intricacies of a developing
country make it difficult to determine wealth, or to develop an indicator that can be used
universally; however, the indicator developed in this study accounts for many components that
determine a household’s access to resources. While this is not an indicator that could be applied
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to another country, the principles behind it can be, and the indicator itself can be a strong tool
around the Tonlé Sap Lake.
6.2.1 The Use of GIS in Qualitative Research
Geographical Information Systems (GIS) generally rely on accurate, spatially referenced
data, measurements, and satellite images. When conducting extensive qualitative research in
remote locations, time constraints, limited indigenous technological capacity, and reduced access
to equipment can make taking spatial measurements difficult. Discourse in the 1990s involved
researchers criticizing GIS, arguing that it should be used primarily as an empirical tool (Kwan
& Knigge, 2006). However in the 2000s, several studies emerged incorporating qualitative
research into GIS and showcasing the potential for more informed research. When studying
community gardens, Knigge and Cope (2006) expressed that incorporating qualitative data
helped reveal social complexities that are not evident in traditional GIS analysis. Non-spatial
data is sometimes difficult to incorporate into analysis, and issues can emerge with regards to
varying scales of the data collected (Dennis Jr, 2006; Knigge & Cope, 2006). Yet despite
complications, the qualitative data collected can provide important context for quantitative data
and further research (Dennis Jr, 2006).
There are complications associated with adopting qualitative methods in GIS, based on
indigenous spatial understandings and changes in the scale of maps; however, the results show
that despite these errors, digitized hand-drawn maps can provide a basic spatial understanding of
a community's activities at a scale that may not be possible otherwise. Without the ability to
accompany each participant to the locations where they fish to take coordinates, due to time
constraints, the scale of the research, and accessibility of remote locations, these hand-drawn,
participatory maps provide a detailed understanding of fishing practices. Lauer and Aswani
(2009) found that participants are usually able to draw a general map, but the spatial detail and
precision is too low to be useful. Because fishing locations are usually general areas and not a
specific location, accuracy and precision is important, but a basic understanding is also useful.
The mean center analysis results are consistent with what would be expected based on the other
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questions in the survey and literature (Nuorteva et al., 2010). For example, an increase in
household education coincides with an increase in distance from the lake; this demonstrates that
despite the inaccuracy of spatial detail, hand-drawn maps have the potential to provide enough
context to be useful in analyses. Gaining insight into the general areas that fishers in the Tonlé
Sap Lake frequent can provide context to results that surface in the survey, such as where
households are observing changes in ecosystem dynamics. These results can also be useful when
developing agent-based models of changes in the lake, and examining socioeconomic
adaptations. Yet, in order to conduct more rigorous and statistically-grounded spatial analysis,
more precise and accurate locations are required. To add a spatial component to the qualitative
data, Lauer and Aswani (2009) resorted to accompanying participants to relevant sites to conduct
their research and take GPS coordinates. While this method is ideal, it limits the amount of data
that can be collected in extensive studies.
Kwan and LaDona (2006) have stated that the two major advantages to the amalgamation
of qualitative research and GIS data are: 1) insight into everyday experiences and perceptions
that are not evident in rigorous quantitative data, and 2) providing visual context for quantitative
analysis. Multiple choice and short-answer questions prevent the research from fully
comprehending how a household fishes. For example in this survey, participants were given the
option of selecting that they were fishing in the Tonlé Sap Lake; however, they were not able to
indicate where in the lake they were fishing. Several households were fishing in more than one
location in the lake. Importantly, maps revealed that 11 households were traveling to Kampong
Thom Province and nine to Siem Reap Province to fish. These results provide interesting context
for biological research being conducted in the lake and insight into regions that may have
importance; this information is not something that is possible to acquire in a traditional survey.
Hand-drawn, participatory maps are instruments that can be used to gather additional
information for qualitative research. They could be made more accurate by developing a very
basic map for the region, such as the location of the Tonlé Sap Lake, National Road #5, and the
provinces around the lake. These basic details would decrease confusion of directions with the
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research assistants and participants. Additionally, in each village, the researchers and village
chief could incorporate village-specific locations such as major rivers, major roads, and the
location of the village chief's household; these additions would provide spatial references and
landmarks to help participants orient themselves on the map. Each map would have to be
developed collaboratively within each village to minimize variability across the research
assistants' maps and to incorporate the specific intricacies of each village without cluttering the
map with unnecessary information. With these additions, there would still be some confusion
and inaccuracies with distances, but this would be minimized by incorporating a standardized
map that had been customized for the individual villages. With these modifications, hand-drawn
maps could become an important qualitative tool.
Hand-drawn, participatory mapping can be a powerful qualitative research tool when
coupled with GIS analysis. The more information added to the map, the more useful an
apparatus it could be. Information such as what gear type was being used or what species of fish
were caught in that specific location can minimize assumptions, and help contribute to a better
understanding of fishing practices.
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Chapter Seven: Future Research Opportunities and Conclusion
7.0 Scholarly Implications
While research was conducted in only one province, it was extensive throughout the
floodplain in Pursat. Randomly selecting households and then inquiring whether there were
members fishing, enabled households to be identified and surveyed even if they generally do not
consider themselves to be fishers. This method provided a voice to small-scale, part-time fishers.
The selection process also allowed 27% of the households selected to be ethnic Vietnamese, a
group that is generally misrepresented do to perceived language barriers and tension with Khmer
researchers. This study provides insight into generally marginalized and ignored residents
around the lake.
Despite the fact that other researchers have been examining adaptability of fishers around
the Tonlé Sap Lake, these are generally small-scale studies of a few key informants in a few
villages per province around the lake. The extensive nature of this research design provides a
thorough understanding of how households are going to react to changes. This research was also
one of the few socioeconomic studies conducted after the fisheries reform. Additionally, the
scenarios examined in this study were informed by food web theories and specific expected
changes to the composition of fish populations. The link between biological and socioeconomic
data provides insight into whether fishers are seeing the changes that natural scientists have
hypothesized. It also provides insight for natural scientists and modelers as to how households
may adapt when faced with these changes. These results can help natural scientists and modelers
predict further potential changes and will inform the policies and actions of the many
organizations and authorities around the lake.
7.1 Future Research Opportunities
Many of the questions in the survey questionnaire were multiple-choice style, and
therefore limited the answers from participants. If some of these questions are asked in other
provinces around the lake, there are ways to improve them to gain additional insight into the
perceptions and adaptability of households. As previously mentioned, a major limitation was the
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nature of the question about decreased fish populations. When the question was written, it was
assumed that either fish catch over the last five years had decreased or not; however, not
decreasing, is not the same as increasing. Therefore this question should be expanded to provide
participants with three options: 1) Decrease, 2) Increase, or 3) No change. Expanding this
question will help further support the theory of the stability of indiscriminate fisheries by
including perceptions of fishers.
Similarly, all the questions that asked households how they would adapt to changes to
fish populations in the lake limited the households' options and led to some confusion. Many
households would be very interested in farming, but may not have the legal rights or money to
purchase or rent farmland. Some household members were confused whether the question meant
'what would you like to do in an ideal situation' or 'how are you likely to react'. Additionally, the
question only offered the opinion for households to 'move to another livelihood strategy' when in
reality, due to limited resources and reliance on the fishing industry for subsistence, most
households are more likely to change their fishing activities. These changes could include
investing in a boat, investing in different equipment, changing the season they fish in, changing
where they are fishing, or targeting a different fish species. A more open-ended question, or
providing a household with more options, will likely demonstrate that more households would
change their fishing practices rather than moving to another livelihood, especially with an
increase in overall fish catch despite changes in the morphology of those fish. On a similar note,
many households' primary occupation in the floodplain is farming. As previously noted,
alterations to the flood pulse and climate change are going to impact agricultural practices. These
impacts are already being noted by many households; of the households surveyed, 23 households
said that one of the biggest problems in the community is a lack of water, or no irrigation. As
Nuorteva et al. (2010) stated, during times of poor agricultural productivity, some households
will increase their fishing efforts; this action could further increase the fishing activity in the
Tonlé Sap Basin. Therefore, if trying to understand how households will adapt to changes in the
lake, all changes should be addressed. Households should be asked how they are going to change
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their livelihood strategies if there is a decrease in water availability and natural fertilization of
agricultural land in the floodplain. Regardless, there needs to be a more detailed understanding
of future scenarios for the lake (Question 11), so that they can be better-explained to participants.
The participatory mapping showed that several households are traveling to Kampong
Thom and Siem Reap to fish. Unofficial conversations with fishers at landing zones (where fish
is sold) imply that they too are traveling to Kampong Thom Province to fish. Future research
should investigate Kampong Thom Province, and to a lesser degree Siem Reap Province, to gain
insight into fishers' fishing practices, perceptions, and adaptive capacity. These appear to be
important fishing locations, however this may be due to proximity to Pursat Province and not
because of rich fishing grounds.
Additionally, there are a lot of different changes being perceived around the tributaries
than in the lake itself. Therefore, it may also be of interest to investigate whether households
living on the tributaries are seeing the same changes as those reliant of the lake. The Tonlé Sap
River and Mekong River in Cambodia would be of particular interest. By conducting surveys in
these two areas, it would become clearer whether the changes to fish populations are related to
activities in the lake (i.e. overfishing and mismanagement) or changes in the Mekong Basin itself
(i.e. dam development).
As previously discussed, if future research continues to use hand-drawn participatory
maps, this technique could be improved. By developing a base map customized with the village
chief, these maps could become more accurate. The research assistants would need to be
thoroughly trained in how to include the details required on the maps, such as the distance of
households from the flooded forest, and these features could be increased. Adding aspects like
what fishing gear and species are targeted in each location could provide further insight for
socioeconomic and biological research.
7.2 Conclusion
This research provides an understanding of fishing practices around the important natural
treasure of Cambodia that is the Tonlé Sap Lake. With a large portion of the poor population
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relying on the lake for their natural resources, it is necessary for research to continue to
understand the current practices and struggles of households dependent on the natural resources.
Fishing households have an understanding of the changes in the lake. While they are not seeing a
decrease in their overall fish catch, they have been seeing a decrease in the size and diversity of
the fish caught. Yet despite having an understanding of these changes, most households are not
going to change their livelihood strategy, especially if the scenario predicted by the
indiscriminate fisheries theory materializes. Household's lack of ability, or unwillingness, to
change among the lowest and highest wealth levels, is concerning, particularly if there is a
collapse in fisheries. Many poor, floating villages do not have the resources to adapt to long-term
changes in their livelihoods. This situation makes the future of these households uncertain.
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Appendix A: Gender in Fishing
When the gender of fishers was compared to several of the results including livelihood
change and fishing gear used, a relationship was found; however, it is unclear why only 48% of
households had female fishers. Several strong relationships were found with demographic data
and the gender of fishers. Despite this, there was no relationship with percentage of females in
the household and females fishing; therefore, more females in the household was not an indicator
that there would be females fishing.
When examining the wealth level of a household and the gender of the fishers, the results
were what would be expected. Figure 79 shows the relationship between these two variables. Of
the low-wealth-level households, 36.1% were male-only fishers and 63.9% had females fishing.
With regards to the upper-low-level of wealth, 62.0% of the fishing households had only male
fishers, and 38.0% had female fishers. Similarly, 59.3% of the lower-middle wealth households
were male-only fishers, and 40.7% had some female fishers. These results show that while all
wealth levels had females fishing, the lowest wealth-level households were more likely to have
females fishing. The chi-square test showed a relationship between gender and wealth level (x2 =
9.327, df = 2, p < 0.05).
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Figure 79: The relationship between the gender of fishers and the wealth-level of the
family.
Figure 80 shows the comparison between the gender of fishers and the percentage of
dependents in the household; a relationship was found from this comparison. When comparing
households with no dependents, 60.0% of households had only male fishers, and 40.0% had
female fishers. Similarly, households with 1-50% of the household being dependents, 56.7%
were male fishers, and 43.3% had some females fishing. In contrast, 27.3% of households with
51-100% dependents had male fishers, and 72.7% had female fishers. The results show that
households with a high dependency score are more likely to have female fishers. The chi-square
tests showed a relationship between fishers' gender, and dependency score (x2 = 9.818, df = 2, p
< 0.05).
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Figure 80: The relationship between a household's dependency score and the gender of
fishers.
While there was not a strong relationship between average adult education levels and
female fishers, there was a relationship between the highest level of education achieved in a
household and the gender of the fishers; Figure 81 illustrates the comparison of education and
gender. With regards to households with no education, 55.6% were male-only fishing
households and 44.4% had female fishers. Similarly, 40.4% of households with the highest level
of education achieved at the primary level were male only fishing households and 59.6% had
female fishers. On the other hand, 65.7% of households where the highest level of education
achieved is secondary or higher had only male fishers and 34.3% had female fishers. The results
show that households with a primary education are slightly more likely to have female fishers
and households with secondary or higher education are slightly less likely to have female
members fishing. Fisher's exact test shows a relationship between the gender of fishers and the
highest education level achieved by a member in the household (x2 = 9.798, df = 2, p < 0.05).
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Figure 81: The relationship between a household's highest education level and the gender
of fishers.
Additionally, Figure 82 shows the comparison between occupation and the gender of
fishers; a relationship was found with the gender of fishers in a household and the occupations
engaged in by that household. With regards to households that were only fishing, 31.1% of
households had only male fishers and 68.9% had some female fishers. In contrast, 65.6% of
households that were fishing and farming had only male fishers and 34.4% of households had
some female fishers. Similar to households only fishing, 41.0% of households that were involved
in fishing and off-farm jobs had only male fishers and 59.0% of households had some female
fishers. Finally, 69.4% of households there were involved in fishing, farming, and off-farm jobs
had only male fishers and 30.6% of households had some female fishers. The results
demonstrate that if a household was involved in farming, they were less likely to have female
fishers. Pearson's chi-square test found a very strong relationship between a household's
occupation and the gender of fishers (x2 = 18.036, df = 3, p < 0.001).
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Figure 82: The relationship between household occupation and the gender of fishers.
Due to the relationship between wealth and occupation, the gender of fishers was
compared to the location of a household (i.e. floating households or access to land); Figure 83
shows this comparison. Based on the village location and the hand-drawn maps, households
were either classified as 'water', meaning they were floating households, or 'land' meaning the
household was physically located on land. With respect to water based households, 28.1% had
only male fishers, and 71.9% had some female fishers; however, 63.9% of land-based
households had only male fishers, and 36.1% had some female fishers. The results show that
households located on the water are more likely to have female fishers than land-based fishers.
The chi-square test shows that there was a very strong relationship between the location of the
household and the gender of fishers (x2 = 17.757, df = 1, p < 0.001).
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Figure 83: The relationship between the location of a household and the gender of fishers.
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Appendix B: Hand Drawn Field Sketch

Figure 84: A sketch drawn over several days in the field based on observations while
traveling down the Pursat River and across the Tonlé Sap Lake, along the shoreline of
Pursat Province and input from local fishers.
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Appendix C: Letter of Certificate for Ethical Approval
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Appendix D: Consent Poster

Household and Community Fishery Survey
Maintaining Productivity and incomes in the Tonle Sap Fishery in Cambodia in the
face of climate change

This survey looks at the ways farmers and fishermen in and around Tonle Sap Lake Cambodia
engage in farming and fishing activities. How do they make decisions in allocating their family
resources? The survey also looks at the ways members of the community fishery groups
participate in managing fishery resources and decision-making. The goal is to identify ways in
which the inhabitants in and around Tonle Sap Lake may be affected due to the changing fishery
resources and also identify the voices of residents in managing fishery resources and assess the
performances of community fishery groups. We are very interested in your opinions, concerns,
and ideas. To accomplish this, we need your help in completing this questionnaire. All
households were randomly selected – All responses will be confidential. Your name will not be
used or given to the authority. You are able to withdraw at any point during or after the survey
is complete; If you choose to withdraw, your information will not be used. Your participation
or withdrawal will not impact your relationship with NGO Conservation International.
Your assistance is greatly appreciated.
This is a collaborative research project between the University of Guelph and Conservation International funded by Belmont and
NSERC.

For additional information or if you would like to withdraw, you may contact:

012 885 681
University of Guelph - Guelph, Ontario, Canada
Dr Krishna Bahadur KC :
krishnak@uoguelph.ca

This project has been reviewed by the University of Guelph Research Ethics Board. If you have any
questions about your rights as a research participant, please contact the Director, Research Ethics
at 1-519-824-4120 Ext. 56606 or email reb@uogeulph.ca
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Appendix E: Tonlé Sap Lake Management Questionnaire

Household Survey
Maintaining Productivity and incomes in the Tonle Sap Fishery in Cambodia in the
face of climate change

This survey looks at the ways farmers and fishermen in and around Tonle Sap Lake Cambodia
engage in farming and fishing activities. How do they make decisions in allocating their family
resources? The survey also looks at the ways members of the community fishery groups
participate in managing fishery resources and decision-making. The goal is to identify ways in
which the inhabitants in and around Tonle Sap Lake may be affected due to the changing fishery
resources and also identify the voices of residents in managing fishery resources and assess the
performances of community fishery groups. We are very interested in your opinions, concerns,
and ideas. To accomplish this, we need your help in completing this questionnaire. All
households were randomly selected – All responses will be confidential. You are able to
withdraw at any point during or after the survey is complete; If you choose to withdraw, your
information will not be used. Your assistance is greatly appreciated.

Participant understands role and has given verbal consent (please check)

Part I
Household Survey

Part A. This first part of the questionnaire we would like to ask you about yourself, your family
and your local residency.

1. Identification
1.1 Date of Interview
1.2

Village

1.3

Commune

1.4

District

1.5

Province

1.6

Name of Interviewer
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2. History
2.1 How long has your family been living in this village?
Years________

2.2

Did your family migrate from another place?
YES_________NO________

If YES, where did you live before?
Name of the Village:_______________ Commune:________________
District:_______________

Province:_________________

3. Household composition
3.1 How many people live in your house?
Number of people:________________
3.2

Details of each individuals

SN

Sex

Age

Marital
status

Ethnicity

Education/ Primary
Secondary
Training
occupation occupation
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1*
2
3
4
5
6
7
8
9
10
*Respondent

4. Resources and ownership
4.1 Which of the following best describes your situation:
a.
b.
c.
d.
e.
f.
4.2

We rely on fishing only
Our livelihood is based on both farming and fishing
Our livelihood is based on a combination of fishing, farming and off farm jobs
We rely on farming only
Our livelihood is based on farming and income from off farm jobs
Our livelihood is based on fishing and off farm jobs

What is the percentage of time you spend in each activity?
Agriculture:_________%
Fishing:__________%
Aquaculture:_________%
Off-Farm Jobs (Specify:________________):_______________%
Off-Farm Jobs (Specify:________________):_______________%

4.3

Was the situation always like this? YES_________NO________
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4.1

Which of the following best describes your situation:
a.
b.
c.
d.
e.
f.

We rely on fishing only
Our livelihood is based on both farming and fishing
Our livelihood is based on a combination of fishing, farming and off farm jobs
We rely on farming only
Our livelihood is based on farming and income from off farm jobs
Our livelihood is based on fishing and off farm jobs

If YES, please go to B
If NOT, which of the following best describes your situation?

4.4

a. We changed from fishing to farming
b. We changed from fishing to a combination of fishing and farming
c. We changed from fishing to a combination of fishing, farming and off farm jobs
d. We changed from farming to a combination of farming and off farm jobs
e. We changed from farming to a combination of farming fishing and off farm jobs
When did you change? in:________________or years ago:________________

4.5

Reason for changing:
a.
b.
c.
d.
e.

Fishing is not enough to meet the families need
Farming is not enough to meet the families need
Both fishing and farming is not enough
For an extra income
Others(Please specify) :________________

Part B. This part of the questionnaire we would like to ask you about the management of your
resources (farming, fishing, family labor etc.)

5. Farming activities
5.1
When did you start doing farming? ________________years ago or
since:________________
5.2

What is the reason you started farming?
_______________________________________________________________

5.3

How large is your farm land? ________________ha
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5.4

Descriptions of the land property rights and land use

Plot
Number

Size of
plot in
ha

Where is the Property
land (Pointing rights/land title
on map)

Crop grown
Annual

a. Wet season Rice
b. Dry season Rice
c. Maize
a. Permanent right d. Cassava
e. Beans
b. Rented in
f. Other vegetables

Perennial
a. Litchi
b. Mango
c. Orange
d. Others

c. Rented out
d. Public land
e. Others
Plot 1
Plot 2
Plot 3
Plot4
Plot 5
Plot 6

5.5 Crop production volume (ton/farm) and associated cost ($/farm)
Wet season Dry season Maize
Rice
Rice
Size (ha)
Production (ton)

Cassava

Beans

Other
vegetables

Other:
______
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Production cost
-Seed (Riel)

-Fertilizer/manure (Riel)
-Harvesting/drying (Riel)
-Labor (Riel)
-Transportation (Riel)
-Total (Riel)
Sell amount (kg)
Sell price (Riel)

5.6 Livestock production and associated cost
Cattle

Buffalo

Pig

Poultry

Other:
_____

Herd size (No)
Production cost (Riel)
Sell amount (kg)

Sell amount (No.)
Sell price (Riel)
Amount purchased (No.)

Amount purchased
(Riel)

5.7 Aquaculture in private property
5.8.1

When did you start? ___________________
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5.8.2

What is the reason you started to do aquaculture activities?
_________________________________________________________________

5.8.3

What is your aquaculture production system?
a.
b.
c.
d.

5.8.4

Pond
Cage
Pen
Others (Please specify: __________):__________

What type of species are you growing?
_________________________________________________________________
________________________________________________________________

5.8.5

What are you feeding these species?
________________________________________________________________
________________________________________________________________

5.8 Production and associated cost ($/pond or farm)

Fish
Amount/Size/Number
(Head)
Production (kg )

Other: ____________
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Production cost ($/Riel)
Sell amount (kg)
Sell price ($/Riel)

6. Fishing in public property
6.1
When did you start fishing? How long have you been fishing?
_____________years ago or since_ ______________

6.2

What is the reason you started fishing?

6.3

a. Farming was not enough
b. Better livelihood compared to farming
c. Easy to catch fish
d. Good fish market
e. Others (Please specify: _ ______________):___ ______________
How many members of your family are engaged in fishing?
_ ______________persons full time _ ______________persons part time

6.4

Has there been any changes in the last five years in terms of people in your family
involve in fishing?

6.5

a. More people are fishing
b. Less people are fishing
c. No Change
Where do you go for fishing? (Pointing on the map)

6.6

a. Tonle Sap Lake
b. Flooded forest
c. River, Stream
d. In and around the village
e. Other places (Please specify: _ ______________): _ ______________
During what season do you catch fish?

6.7

a. Wet season
b. Dry season
c. Both wet and dry seasons
How many boats does your family have?
Without machine _ ______________with machine _ ______________
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Do you stay at the fishing ground in wet/dry season?
6.8

YES________ NO________
If YES, What is the longest period you stay in wet season?
Days __ ______________Night _ ______________Week _ ______________

If YES, What is the longest period you stay in dry season?
Days _ ______________Night _ ______________Week _ ______________
6.9

How much was your average catch per day?
Wet season _ ______________kg/day. Dry season _ ______________kg/day

6.10

What are your targeted species of fish?
_______________________________________________________________

6.11

What other products you catch besides fish?
__________________________________________________________________

6.12

What types of gear do you use? __ _________________________________________
__________________________________________ __________________________

6.13

Do you use different gear types for different products or species of fish?
YES________ NO________

If YES, could you please provide details?
_______________________________________________________________
_______________________________________________________________
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6.14

Do you collect any other products besides fish and aquatic animals, such as firewood
and construction materials, honey, wild vegetables and fruits, birds and reptiles?
NO________YES________

If YES, please provide details__ __________________________________________

6.15

On average what percentage of fish catches do you?
Sell _ ______________barter _ ______________keep _ ______________

6.16

Where do you sell your fish?
a.
b.
c.
d.
e.

6.17

To whom do you sell your fish?
a.
b.
c.
d.
e.
f.

6.18

Directly on the fishing ground
Sell in the village
Bring to sell at the market
Fish collection site
Other places (Please specify: _ ______________):___ ______________

Middle men/trader in the village
Whole seller
Aquaculture owner
Villager
Fish processor
Others (Please specify: _ ______________):_ ______________

Has the quantity of you fish catch been decreasing in the last five years?
YES__________NO_________

Why if YES or NO___ _________________________________________________
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6.19

When was the last good year? __ ________________________
How much fish did you catch at that time?___ ______________
When was the last bad year? ___ __________________
How much fish did you catch at that time? ___ ___________________
Are the size of the fish increasing or decreasing? _ _____________________
Is the diversity in species caught increasing or decreasing? ___ ______________

6,20

If fish catch decreased, then could you please tell us how you coped with the reducing
fishing resources?
a.
b.
c.
d.
e.

Increase farming activities
Started to farming on rented farm
Started upland cultivation
Bought farmland
Some members of the family went to Phnom Penh/Bangkok/other
provinces/abroad for a job
f. Other (Please specify: _ ______________):__ ______________
6.21

What was the trend of cost of operation over time?
a. Increasing
b. Decreasing
c. No change

6.22

Has there been any change in the price of fish over time?
a. Increased
b. Decreased
c. No change
If INCREASED or DECREASED, could you please specify approximately by how
much?
_______________________________________________________________
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6.23

Income from fishery resources in the last 5 years has:
a.
b.
c.

6.24

Increased
Decreased
Didn’t change

If increased or decreased, what do you think this trend is just temporary or will
continue?
Temporary ________irreversible________

6.25

Is income from fishing enough to support your family?
YES__________NO_________

If NOT, what did you do to support your family?
a.
b.
c.
d.
e.

Increase farming activities
Started to farming on a rented farm
Started upland cultivation
Bought farmland
Some members of the family went to Phnom Penh/Bangkok/other
provinces/abroad for a job
f. Others (Please specify: _ ______________):___ ______________
6.26

Do you expect that the fishery will maintain its current level of productivity over the
next 10 years?
YES__________NO_________

If NOT, what do you see as possible livelihood options for you
a.
b.
c.
d.
e.
f.
g.

Start farming activities
Increase farming activities
Changing to farming only
Start off-farm activities
Increase off-farm activities
Moving to off farm jobs only
Others (Please specify: _ ______________):_ ______________
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6.27

If current species of fish decreases, would you still be interested to continue fishing?
YES__________NO_________

If NOT, what do you see as possible livelihood options for you?

6.28

a.

Start farming activities

b.

Start off-farm activities

c.

Changing to farming only

d.

Moving to off farm jobs only

e.

Others (Please specify: _ ______________):__ ______________

Did you ever think to stop fishing?
YES__________NO_________

If YES, why_ ____________________________________________

6.29

Do you think your children will also be in fishing business?
YES__________NO_________

If NOT, why____ ___________________________________________________

6.32

If number of fish caught increases but the size of the fish decrease will you continue
fishing the same amount of time you do now?
YES__________NO_________

168

If NO, how will you divide the percentage of the time?
Agriculture_ ______________%
Fishing:__ _______________%
Aquaculture:__ ________________%
Off-Farm Jobs (Specify_ _______________):__ _______________%
Other (Specify__ ______________) __ _______________%

6.33

If the number of fish caught increase but the number of species caught decreases will
you continue fishing?
YES__________NO_________

If NO, how will you divide the percentage of the time?
Agriculture:__ _______________%
Fishing: _ ___________________%
Aquaculture:__ _________________%
Off-Farm Jobs (Specify___ ______________):__ _______________%
Other (Specify___ ______________):___ _______________%

7. Seasonal Migration
7.1
Do any members of your family migrate seasonally?
YES__________NO_________
7.2

How many members of your family migrate seasonally? _ ____________________

7.3

Was the seasonal migration a result of financial needs?
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YES__________NO_________

If NOT, what was the reason?
_____________________________________________________________________
_____________________________________________________________________

7.4

Where are they migrating to?
_____________________________________________________________________
_____________________________________________________________________

7.5

What is the duration of their migrate for?
_____________________________________________________________________
_____________________________________________________________________

7.6

What type of employment are they engaging in?
_____________________________________________________________________
_____________________________________________________________________

8. Off-farm activities and Income
8.1
Are any of your family members engaged in off farm activities (such as waged labor,
working in Phnom Penh or abroad)?
YES__________NO_________

If YES, how many people in your family work outside the farm?
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Number of people:________

8.2

Where do they work?
a.
b.
c.
d.

Nearby village
Phnom Penh/other provinces
Thailand
Other countries (Please specify _ ______________): _ ______________

8.3

Since when have they been doing this job? Since__ ______________

8.4

What do you think was the main reason for leaving home?
a.
b.
c.
d.
e.

8.5

Fishing is not enough to meet the family’s needs
Farming is not enough to meet the family’s needs
Both fishing and farming is not enough
For an extra income
Other (Please specify):_______ ______________

What kind of jobs do your family members do?
a.
b.
c.
d.

Wage labor in a nearby village
Fish processing industry in a nearby village
Factory worker in Phnom Penh
General labor in Thailand
e. Other (Please specify: _ ______________):__ ______________
8.6

In the last year, how many days did he/she work? Days__ ______________

8.7

Wage per day $/Baht/Real__ ______________

8.8

Salary per month$/Baht/Real____ ______________

8.9

How much did he/she earn annually $/Baht/Real___ ______________
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8.10

Does your family have any other source of income, such as pension etc.?
YES__________NO_________

If YES, what was the other source of income and how much was it annually?
Source: __ ________________$/Baht/Real_ ____________________
8.11

Is off farm income your primary source of cash income?
YES__________NO_________

If NOT, what are the primary sources of your cash income?
__________________________________________

9. Household expenses
Own
production
Rice (kg)
Milk (Liter/kg)
Egg (No)
Fish (Kg)
Poultry (kg)
Pig meat (kg)
Beef (kg)
Fruits
Vegetables
Spice
Others
Others

From market

Average price
(Per unit)

Annual Cost
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Food total
Energy
Education
Human Health
Cloths

10. Problems and Concerns
10.1 In your opinion, what is the biggest problem in your community?
_______________________________________________________________________
_______________________________________________________________________

10.2 What solution do you have for the problem?
________________________________________________________________________
________________________________________________________________________

10.3 What is the biggest problem that your household faces?
_______________________________________________________________________
_______________________________________________________________________

10.4 What solution do you have for the problem?
_______________________________________________________________________
_______________________________________________________________________
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10.5 In your opinion, what is the biggest problem in the fishery?
_______________________________________________________________________
_______________________________________________________________________

10.6 What solution do you have for the problem?
_______________________________________________________________________
_______________________________________________________________________

10.7 In your opinion, what are the main threats to rights in the fisheries?
_______________________________________________________________________
_______________________________________________________________________
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Part C. In this part of the questionnaire, we would like to ask your views on the possibility of
future resources allocations and management under different policy/future conditions.

11. Views/perceptions under possible policy/future conditions
Some studies show that because of the ongoing development of dam construction in the Upper
Mekong Basin, climate change and urbanization, there will be four possible situations in the
future:
(a) 50% reduction of fish production in Tonle Sap Lake,
(b) Increased agricultural land due to changes in flood plain habitats,
(c) Creation of more jobs due to the urbanization and increased economic activities in
urban centers, particularly in Phnom Penh or,
(d) Stagnation (more or less the same situation as today).
Assuming one or more of these conditions arise in the future, then how would your livelihood be
affected and how would you allocate and manage your resources.
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11.1

Those who are currently only fishing

A a) 50% reduction of fish production in Tonle Sap Lake and everything else remains same
Would you still be fishing only?
YES_________NO________

If NOT, what do you see as possible options?
a.
b.
c.
d.
e.

Start farming activities
Start off-farm activities
Changing to farming only
Moving to off farm jobs only
Others (Please specify):__ _________________________________

Compared to your current situation of 100% family resources in fishing, how would
you manage your family labor resources?
a.
b.
c.
d.
e.
B

_ ___________________% for fishing activities
_ ___________________% sending for off farm job
_ ___________________% will go for upland cultivation
_ ___________________% will rent the neighbouring farm land
_ __________________% Others (Please specify):____ ______________

50% reduction of fish production in Tonle Sap Lake and increased agricultural land due
to decrease flood plain

Would you still be fishing only?
YES_________NO________

If NOT, what do you see as possible options?
a.
b.
c.
d.
e.

Start farming activities
Start off-farm activities
Changing to farming only
Moving to off farm jobs only
Others (Please specify):____ ______________
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Compared to your current situation of 100% family resources in fishing, how would
you manage your family labor resources?
a.
b.
c.
d.
e.
b)C

_ ___________________% for fishing activities
_ ___________________% sending for off farm job
_ ___________________% will go for farming (cultivate on land)
_ ___________________% will rent the neighbouring farm land
_ ___________________% Others (Please specify):_____ ______________

50% reduction of fish production in Tonle Sap Lake and increased agricultural land due
to decrease flood plain and increased jobs in Phnom Penh

c)
Would you still be fishing only?
YES_________NO________

If NOT, what do you see as possible options?
a.
b.
c.
d.
e.

Start farming activities
Start off-farm activities
Changing to farming only
Moving to off farm jobs only
Others (Please specify_ ______________):______________ ______________

Compared to your current situation of 100% family resources in fishing, how would
you manage your family labor resources?
a. _ _________________% for fishing activities
b. _ _________________% sending for off farm job
c. _ _________________% will farming (cultivate on land)
e. _ _________________% will rent the neighbouring farm land
f. _ _________________% Others (Please specify_ _________):_ ______________

D d) Stagnation (more or less same situation as today)
Would you still be fishing only?
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YES_________NO________

If NOT, what do you see as possible options?
a.
b.
c.
d.
e.

Start farming activities
Start off-farm activities
Changing to farming only
Moving to off farm jobs only
Others (Please specify):______ ______________

Compared to your current situation of 100% family resources in fishing, how would
you manage your family labor resources?

a. _ __________________% for fishing activities
b. _ __________________% sending for off farm job
c. _ __________________% will go for upland cultivation
e. _ ___________________% will rent the neighbouring farm land
f. _ ___________________% Others (Please specify__________):__________

If respondent’s views do not match any options above, then please use the space
below to note down the response:
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11.2

Those who are currently fishing and farming
( ________% fishing ________% farming)

A e) 50% reduction of fish production in Tonle Sap lake and everything else remains same
Would you still continue with the same proportion of fishing and farming?
YES_________NO________

If NOT, what do you see as possible options?
a.
b.
c.
d.
e.

Increase farming activities
Start off-farm activities
Change to farming only
Moving to off farm jobs only
Others (Please specify_ ______________):_________ ______________

Compared to your current situation of________% fishing ________%farming, how
would you manage your family labor resources?
a.
b.
c.
d.
e.
Bf)

_ ___________________% for fishing activities
_ ___________________% sending for off farm job
_ ___________________% farming (cultivate on land)
_ ___________________% will rent the neighbouring farm land
_ ___________________% Others (Please specify_ _______):________________

50% reduction of fish production in Tonle Sap Lake and increased agricultural land due to
decrease in flood plain
Would you be interested to do farming activities in newly available agricultural
land?
YES__________NO_________

What do you see as possible options?
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a. Increase farming activities
b. Start off-farm activities
c. Change to farming only
d. Moving to off farm jobs only
e. Others (Please specify_ ______________): _____________

Compared to your current situation of ________% fishing ________% farming, how
would you manage your family labor resources?
a.
b.
c.
d.
e.
g)
C

__ __________________% for fishing activities
_ ___________________% sending for off farm job
_ ___________________% farming (cultivate on land)
_ ___________________% will rent the neighbouring farm land
_ ___________________% Others (Please specify_ _________): _____________

50% reduction of fish production in Tonle Sap lake and increased agricultural land due to
decrease in flood plain and increased jobs in Phnom Penh
Would you be interested in diversifying your livelihood options and reallocating your
family resources?
YES__________NO_________

If YES, what do you see as possible options?
a. Increase farming activities
b. Start off-farm activities
c. Change to farming only
d. Moving to off farm jobs only
e. Others (Please specify_ ______________): _____ ______________

Compared to your current situation of ________% fishing ________% farming, how
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would you manage your family labor resources?
a.
b.
c.
d.
e.
f.

__ _________________% For fishing activities
_ __________________% Off farm job
_ __________________% Farming activities
_ __________________% Will go for upland cultivation
_ __________________% Will rent the neighbouring farm land
_ __________________% Others (Please specify_ _________):_______________

D h) Stagnation (more or less same situation as today)
Would you be interested to diversify your livelihood option and reallocate your
family resources?
YES__________NO_________

If YES, what do you see as possible options?
a.
b.
c.
d.
e.
f.

Increase farming activities
Increase fishing activities
Start off-farm activities
Change to farming only
Moving to off farm jobs only
Others (Please specify_ ______________): _____ ______________

Compared to your current situation of ________% fishing _______% farming, how
would you manage your family labor resources?
a.
b.
c.
d.
e.
f.

_ __________________% for fishing activities
_ __________________% sending for off farm job
_ __________________% Current farming activities
_ __________________% Will go for upland cultivation
_ __________________% will rent the neighbouring farm land
_ __________________% Others (Please specify_ _________): ______________

Would you continue to manage your land as it is today or would you manage it
differently?
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________
__________________________________________

181

How would you manage your land resources?
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________
____________________________________________________________________________________

If respondent’s views does not match any options above then please use the space
below to note down the response:
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________
__________________
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11.3

Those who are currently doing a combination of fishing and off farm activities
( ________% fishing and________% off farm jobs)

A i) 50% reduction of fish production in Tonle Sap lake and everything else remains same
Would you still continue with the same proportion of fishing and off farm jobs?
YES__________NO_________

If NOT, what do you see as possible options?
a.
b.
c.
d.

Changing the proportion of fishing and off farm activities
Start farming activities
Moving to off farm jobs only
Others (Please specify_ ______________):_____ ______________

Compared to your current situation of ________% fishing ________% off farm jobs,
how would you manage your family labor resources?
a.
b.
c.
d.
e.
B

_ ___________________% for fishing activities
_ ___________________% sending for off farm job
_ ___________________% will go for upland cultivation
_ ___________________% will rent the neighbouring farm land
_ ___________________% Others (Please specify_ _________): _____________

50% reduction of fish production in Tonle Sap Lake and increased agricultural land due to
decrease in flood plain

Would you be interested to do farming activities in newly available agricultural
land?
YES__________NO_________

If Yes, compared to your current situation of ________% fishing________% off
farm jobs, how would you manage your family labor resources?
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a.
b.
c.
d.
e.
f.

_ ___________________% for fishing activities
_ ___________________% sending for off farm job
_ ___________________% will go to newly available agricultural land
_ ___________________% will go for upland cultivation
_ ___________________% will rent the neighbouring farm land
_ ___________________% Others (Please specify_ _________):______________
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C

50% reduction of fish production in Tonle Sap lake and increased agricultural land due to
changes in flood plain habitats and increased jobs in Phnom Penh

Would you be interested to diversify your livelihood option and reallocate your
family resources?
YES__________NO_________

If YES, what do you see as possible options?
a. Increase off-farm activities
b. Start farming activities
c. Moving to off farm jobs only
d. Changing to farming only
e. Others (Please specify) _ ______________:___________________

Compared to your current situation of ________% fishing ________% off farm jobs,
how would you manage your family labor resources?
a.
b.
c.
d.
e.

_ ___________________% for fishing activities
_ ___________________% sending for off farm job
_ ___________________% farming (cultivate on land)
_ ___________________% will rent the neighbouring farm land
_ ___________________% Others (Please specify_ __________):_____________

D j) Stagnation (more or less same situation as today)
Would you continue fishing only?
YES__________NO_________

If NOT, what do you see as possible options?
a. Start farming activities
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b.
c.
d.
e.
f.

Increase farming activities
Increase off-farm activities
Change to farming only
Moving to off farm jobs only
Others (Please specify_ ______________):____ ______________

Compared to your current situation of ________% fishing and________% off farm
jobs, how would you manage your family labor resources?
a.
b.
c.
d.
e.
f.

_ ___________________% for fishing activities
_ ___________________% for farming
_ ___________________% sending for off farm job
_ ___________________% will go for upland cultivation
_ ___________________% will rent the neighbouring farm land
_ ___________________% Others (Please specify_ _________): _____________

If respondent’s views does not match any options above then please use the space
below to note down the response:
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________
__________________
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11.4

Those who are currently doing a combination of fishing, farming and off farm
activities
( ________% fishing, _______% farming and________% off farm jobs)

A k) 50% reduction of fish production in Tonle Sap lake and everything else remains same
Would you still continue with the same proportion of fishing, farming and off farm
jobs?
YES__________NO_________

If NOT, what do you see as possible options?
a.
b.
c.
d.

Changing the proportion of fishing and off farm activities
Start farming activities
Moving to off farm jobs only
Others (Please specify_ ______________):_____ ______________

Compared to your current situation of ________% fishing, _______% farming and
________% off farm jobs, how would you manage your family labor resources?
a.
b.
c.
d.
e.
f.
B

__ _________________% for fishing activities
__ _________________% for farming
_ __________________% sending for off farm job
_ __________________% will go for upland cultivation
_ __________________% will rent the neighbouring farm land
_ __________________% Others (Please specify_ ________): ______________

50% reduction of fish production in Tonle Sap Lake and increased agricultural land due to
decrease in flood plain

Would you be interested to do farming activities in newly available agricultural
land?
YES__________NO_________

187

If Yes, compared to your current situation of ________% fishing, _______% farming
and ________% off farm jobs, how would you manage your family labor resources?
a.
b.
c.
d.
e.
f.
g.

C

_ __________________% for fishing activities
_ __________________% for farming activities
_ __________________% sending for off farm job
_ __________________% will go to newly available agricultural land
_ __________________% will go for upland cultivation
_ __________________% will rent the neighbouring farm land
_ __________________% Others (Please specify_ _________): ______________

50% reduction of fish production in Tonle Sap lake and increased agricultural land due to
changes in flood plain habitats and increased jobs in Phnom Penh

Would you be interested to diversify your livelihood option and reallocate your
family resources?
YES__________NO_________

If YES, what do you see as possible options?
a. Increase off-farm activities
b. Start farming activities
c. Moving to off farm jobs only
d. Changing to farming only
e. Others (Please specify_ ______________):____ ______________

Compared to your current situation of ________% fishing, _______% farming
________% off farm jobs, how would you manage your family labor resources?
a.
b.
c.
d.
e.

_ ___________________% for fishing activities
_ ___________________% for farming activities
_ ___________________% sending for off farm job
_ ___________________% farming (cultivate on land)
_ ___________________% will rent the neighbouring farm land
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f. _ ___________________% Others (Please specify_ _______):_ ______________
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D l) Stagnation (more or less same situation as today)
Would you continue fishing only?
YES__________NO_________

If NOT, what do you see as possible options?
a.
b.
c.
d.
e.
f.

Start farming activities
Increase farming activities
Increase off-farm activities
Change to farming only
Moving to off farm jobs only
Others (Please specify_ ______________):_____________________

Compared to your current situation of ________% fishing, _______% farming
and________% off farm jobs, how would you manage your family labor resources?
a.
b.
c.
d.
e.
f.

__ __________________% for fishing activities
_ ___________________% for farming
_ ___________________% sending for off farm job
_ ___________________% will go for upland cultivation
_ ___________________% will rent the neighbouring farm land
_ ___________________% Others (Please specify_ ________): ______________

If respondent’s views does not match any options above then please use the space
below to note down the response:
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________
__________________
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