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ABSTRACT

This research examines marine management strategies in Cambodia, with the aim of
addressing key issues relating to the design, implementation and management of marine
protection systems. The establishment of marine protected areas in developing countries is perceived to solve many of the issues currently facing the marine environment.
However, in reality this is not the case. A majority of the world’s marine protected
areas are considered ineffective, with issues relating to the environmental understanding
and appropriate governance of such strategies. Implementing marine management is an
extremely complex process, with many factors, stakeholders and individual site-specific
variables and it has long been understood that an integrated social-ecological approach
is preferable. This thesis aims to build a more comprehensive picture of the implementation of marine management strategies into developing communities and addresses a
number of research gaps.
This thesis provides key information on the current extent and health of coral reefs in
the Koh Sdach Archipelago, and identifies changes in the health of those reefs between
2002 and 2013 in the absence of marine management. The socio-economic impacts of the
current management programmes used to protect the Cambodian coastal zone have been
examined, and identify the perceptions of community members relating to governance,
change and threats surrounding marine management. This work highlighted issues relating to the effective governance of areas at multiple institutional levels, stressing the
need for increased governmental support and communication within and between management organisations. Finally, the suitability of volunteer and community-based coral
reef monitoring was assessed. Despite only being a preliminary study into the potential
applications of such systems, the results suggested that the use of both volunteers and
community members in the collection of coral reef health data could contribute to the
current deficit in monitoring data.
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Chapter 1

Introduction and Literature
Review
1.1

Introduction

The world’s oceans include some of the most productive ecosystems, providing ecosystem goods and services to millions of dependent local communities for more than a
millennium (Toropova et al., 2010) and no areas of the oceans are unaffected by human
influence (Halpern et al., 2008). Coral reefs are declining worldwide under the influence
of multiple disturbances at local and global scales, of either natural or anthropogenic
origin (Lasagna et al., 2014), often degrading ecosystem services (UNEP 2006), including fisheries (Worm et al., 2006; Lester and Halpern, 2008). Negative changes resulting
from this degradation have led to calls for ecosystem-based approaches to marine management, including the implementation of marine protected areas (MPAs) (Lubchenco
et al., 2003; Lester and Halpern, 2008). However, marine reserves often face opposition by resource-dependent extractive users, which can make the process of establishing
marine protection systems difficult (Lester and Halpern, 2008) and hinder long-term
success.
Using a combination of environmental and socio-economic methods and techniques, my
thesis investigates the biological and social impacts of Marine Protected Areas, and
their subsequent implementation, management and monitoring in coastal communities
in Cambodia.

1.1.1

The Issue

“You cannot tell a fisher in a developing nation that they must throw a fish back into the
ocean because it is too small, or that they must only catch four fish per day when they
have eight family members to feed” (Russ, 2002).
1
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Whilst there is a wealth of knowledge in the literature, there are still many questions that
require answers in order to have sufficient understanding of the complexities surrounding
MPAs. This problem is further compounded by the fact that every MPA is different and,
as such, requires personalisation to each unique area and set of variables. This means
that there will never be an “off-the-shelf” MPA or associated research programme. Each
location has specific needs, threats, issues and resources that require custom designs
(Hodgson and Stepath, 1998). Management objectives and reserve designs should ideally
be tailored to address the specific ecological, cultural and socio-economic problems that
the MPA is designed to alleviate (Agardy, 2000). However, lessons learned from one
management scheme can still inform management decisions in another; and there is a
distinct need to fill the gaps in what is known about how to implement, monitor and
maintain MPAs, particularly in developing countries. Thus, the critical issue is not
which MPA type is more useful or legitimate but, rather, which MPA approach(es) are
most appropriate for specific purposes and conditions? (Agardy et al., 2003).
Conservation efforts require ongoing monitoring and, unfortunately, government agencies and institutions are often under-funded, lacking the manpower to perform such
monitoring programmes (Sharpe and Conrad, 2006; Goffredo et al., 2010). As a result,
arguments have been made that attempts to develop MPAs based on site-specific research are too costly and will likely fail despite the best efforts of science (Johannes,
1998).
Consequently, suggestions have been made that the best solution is to implement onesize-fits-all MPAs as the only means for effective protection. The arguments presented
by Johannes (1998) propose that, due to the extent of the marine environment requiring
conservation attention, the widespread implementation of a single type of management
regime will streamline marine protection. The author insists that the information gained
from expensive and lengthy research efforts do not develop management plans that are
appropriately beneficial relative to the economic and logistical effort involved. Thus,
Johannes (1998) does make an interesting point. Considering the number of MPAs globally (13,674 as of April 2016, Marine Conservation Institute (2016)), and the increasing
need for protection of marine resources, there are not enough scientists or managers to
go around (Hodgson, 1999; Foster-Smith and Evans, 2003). However, placing MPAs
haphazardly without consideration of the underlying causes may not result in ecosystem recovery from degradation. For example, if damage to a coral reef was caused by
tourism (i.e. boat and SCUBA related damage), it will require different management
approaches to an area degraded as a result of the over-harvesting of natural resources
through fishing. This suggests the need for a “middle-ground”, where MPAs are implemented to protect threatened marine environments, which are simple, yet appropriately
site-specific, easy to implement, monitor and manage.
Successful implementation of marine management initiatives requires strong support
from local communities. If they cannot perceive benefits within the immediate area of the
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reserve, they are far less likely to support reserves as a fisheries management tool (Russ
et al., 2004). Therefore, integrating local communities in the design, implementation,
monitoring and management of MPAs is another potential solution. Similarly, there
is potential for community integration to help reduce gaps in knowledge between the
developed and developing world.

1.2

Literature Review

The literature review presented below represents an initial assessment of past studies
and the scientific literature in order to identify gaps in the current scientific knowledge
and provide a frame of reference for the work included in this thesis. However, this
literature review is not exhaustive, and supplementary literature reviews are included
within each experimental chapter, which provide more detailed and specific analyses of
the literature.

1.2.1

Natural Resource Management of Coral Reef Systems

The Intergovernmental Panel on Climate Change (IPCC) has concluded that climate
change will significantly impact ecosystems, ecological processes, species and biological
diversity; and coral reefs are highlighted as one of the most vulnerable marine ecosystems (Campbell et al., 2009). Threats to coral reefs are increased by pressures from
development and over-exploitation (Jackson, 2008). It has been estimated that approximately three quarters of the world’s population will live within 60 km of the coast by
2020 (IPCC, as cited by Vincent (2011)), suggesting that pressures on marine systems
will continue to increase.
There are numerous international targets for the protection of marine environments,
the most recognisable of which relate to the Convention on Biological Diversity (CBD)
(summarised in Table 1.1). In 2002 the 193 signatory parties to the CBD agreed to
“significantly reduce the rate of biodiversity loss by 2010”. This commitment became
known as the 2010 biodiversity target (Jones et al., 2011) and was later expanded through
the adoption of the Programme Of Work On Protected Areas (POWPA) in 2004 and
additional sub-targets for strategic plans in 2006 (Toropova et al., 2010).
The primary objective of POWPA was the establishment and maintenance of terrestrial
and marine protected areas by 2010 and 2012 respectively which were “comprehensive,
effectively managed and ecologically representative of national and regional systems of
protected areas”. This was further clarified by the addition of the 2006 target “at
least 10% of each of the world’s marine and coastal ecological regions to be effectively
conserved” by 2010 (Toropova et al., 2010).

4
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Table 1.1: Evolution of the 10% protection target for MPAs, adapted from De
Santo (2013).
Year

Legislative Instrument

Commitment

2002

World Summit on Sustainable Development
(Rio + 10)

“Develop and facilitate the use of diverse approaches and
tools, including the ecosystem approach, the elimination of
destructive fishing practices, the establishment of marine
protected areas consistent with international law and based
on scientific information, including representative networks
by 2012[...].”

2002

Convention on Biological Diversity 6th Conference of Parties (CBD
COP 6)

“Parties commit themselves [...] to achieve by 2010 a significant reduction in the current rate of biodiversity loss at
the global, regional, and national level as a contribution to
poverty alleviation to the benefit of all live on earth” (Decision VI/26, paragraph 11).

2003

IUCN 5th World Parks
Congress

“Establish by 2012 a global system of effectively managed
representative networks of marine and coastal protected areas [...] these networks should be extensive and include
strictly protected areas that amount to at least 20-30% of
each habitat” (Recommendation 5.22).

2003

Ministerial meeting of
the OSPAR Commission

“[...] we endorse the Recommendation on a Network of Marine Protected Areas. Working with HELCOM and the European Community, we shall identify the first set of such
areas by 2006, establish what gaps then remain and complete by 2010 a joint network of well-managed marine protected areas that, together with the Natura 2000 network,
is ecologically coherent.”

2004

Convention on Biological Diversity, 7th Conference of Parties (CBD
COP 7)

Target: “By 2010, terrestrially and 2012 in the marine area,
a global network of comprehensive, representative and effectively managed national and regional protected area system
is established as a contribution to (i) the goal of the Strategic Plant of the Convention and the World Summit on Sustainable Development of achieving a significant reduction in
the tate of biodiversity loss by 2012; (ii) the Millennium
Development Goals - particularly goal 7 on ensuring environmental sustainability; and (iii) the Global Strategy for
Plant Conservation” (Decision VII/28, Goal 1.1).

2006

Convention on Biological Diversity, 8th Conference of Parties (CBD
COP 8)

Target 1.1: “At least 10% of each of the worlds ecoregions
effectively conserved” (Decision VIII/15).

2010

Convention on Biological Diversity, 10th Conference of Parties (CBD
COP10)

“By 2020, at least 17% of terrestrial and inland water areas and 10% of coastal and marine areas, especially areas
of particular importance for biodiversity and ecosystem services, are conserved through effectively and equitably managed, ecologically representative and well connected systems
of protected areas and other effective area-based conservation measures [...]” (Decision X/2, Target 11).
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It is now clear that these targets have not been met (Butchart et al., 2010; Danielsen
et al., 2010; Jones et al., 2011) meaning that, despite the recent increases in the number
of MPAs globally over recent years (Hargreaves-Allen et al., 2011), national governments
have been unsuccessful at implementing an adequate number of MPAs, let alone MPAs
that provide tangible conservation benefits (Jameson, 2002; Hargreaves-Allen et al.,
2011). These deadlines were subsequently extended to 2012, and now to 2020 (De
Santo, 2013).
This suggests that there is, and will continue to be, a distinct need to establish effective
management and monitoring systems for the a variety of ecosystems in the coastal realm.
Currently evidence suggests a changing governance landscape within marine resource
management. As a result, communities are increasingly empowered with the ability and
responsibility of working with national governments in order to make decisions about
natural resources in decentralised co-management arrangements (Armitage, 2005; Cinner
et al., 2012).
Decentralisation aims to encourage sustainable use of natural resources through participation of local communities and resource users into the processes related to decisionmaking, enforcement and management (Pomeroy, 1995; Barrett et al., 2001; Armitage,
2005). Governments worldwide are transferring management responsibilities and powers
from central agencies to a variety of local institutions (Batterbury and Fernando, 2006;
Béné et al., 2009; Syakur et al., 2012; Rectangular Strategy, 2013), in order to enhance
the role of local communities in managing coastal zones (Siry, 2006).
Another example of decentralised management is collaborative management (co-management)
(Cinner et al., 2012). This aims to share decision-making between governments and
people dependent on natural resources, based on a similar premise as community-based
management; that such people would be more committed to sustainable resource use
(Cinner et al., 2012). However, the devolution of power from national governments to
local communities is complex. As such, there are a number of studies critiquing both
community-based and co-management systems, questioning whether such decentralisation of management results in better outcomes for either the ecosystems being protected
or the human populations dependent on their resources (Béné et al., 2009; Dressler et al.,
2010; Cinner et al., 2012). This is particularly evident in the developing world, where
resource dependent communities typically have lower standards of education and fewer
opportunities for livelihood diversification. Examples of community-based management
systems are well-documented for ecosystems such as forests, fisheries and coastal areas
(Pomeroy et al., 2001; Christie et al., 2002; Jentoft et al., 2007; Funder et al., 2013). Such
approaches have been gaining popularity in marine ecosystems, particularly for coral reef
fisheries (Pomeroy et al., 1997; Pomeroy and Berkes, 1997; Syakur et al., 2012).
Despite use of the best available information, and the investment of valuable time and
effort, many conservation initiatives aimed at limiting degradation of natural resources
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are considered ineffective (Ban et al., 2013). As a result of numerous international
targets for the protection of marine ecosystems there is a need to establish increasing
numbers of MPAs. However, it is clear that governments, have been unsuccessful at
meeting these targets and, evidence of the inefficacy of management systems have been
reported both in centralised (Bellwood et al., 2004) and decentralised community-based
systems (Béné et al., 2009; Dressler et al., 2010; Cinner et al., 2012).
So the critical question is: why do some management regimes perform better than
others (Armitage, 2005)? Understanding these complexities is important, considering
the increasing impact that humans are having on the environment and the important
role that communities play in natural resource management in order to make laws and
regulations work (Pomeroy and Berkes, 1997; Cox et al., 2010).

1.2.2

Issues in natural resource management

The governance and protection of natural habitats is a complex issue, irrespective of
habitat type or the presence of dependent local communities. Lockwood et al. (2010)
described such issues as “wicked problems” which require novel policy and institutional
responses. There are a number of theories which attempt to explain these complexities,
most notably “The Tragedy of the Commons” (Hardin, 1968) which has underpinned
much of the conservation literature used today, including numerous theories and frameworks designed to assess the governance and management of common-pool resources,
such as Ostroms “Social-Ecological Systems” framework (Ostrom, 2008, 2009).

1.2.2.1

Tragedy of the Commons

The “Tragedy of the Commons” theory proposed by Hardin (1968) predicts that overexploitation will occur of resources that are held in “common”, a term used to describe
varying empirical situations, including: (1) property owned by a government, (2) property owned by no one, and (3) property owned and defended by a community of resource
users (Schlager and Ostrom, 1992). Hardin provides an example related to farming practices (Ostrom, 2008): readers are asked to envision a pasture accessible to all members of
a herding community. Each herder receives large benefits from the sale of their animals
while only facing a small cost related to overgrazing the pasture. When the number of
animals reaches the capacity of the pasture, each herder is motivated to continue to add
more animals because, ultimately they receive the full market value of the animals for
only a share of the costs associated with overgrazing. Hardin (1968) concluded:
“Therein is the tragedy. Each man is locked into a system that compels him to increase
his herd without limit - in a world that is limited. Ruin is the destination toward which
all men rush, each pursuing his own best interest in a society that believes in the freedom
of the commons”.
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Hardin presents the tragedy of the commons as an unsolvable problem and explains
that responses to the issue include removing the “common” aspect of a resource, such
as putting up fences around farmland and pasture (Hardin, 1968). However, in marine
systems such as coral reefs, fencing is not a feasible option and, particularly in developing
countries there are certain opinions that poor fishermen contribute to their own poverty
by destroying the natural resources and, therefore, the wealth on which they depend
(Cunningham et al. (2009) as cited by Béné et al. (2010)).
Further work has developed on the original argument posed by Hardin (1968) and suggests multiple examples demonstrating resource users self-organising to govern their own
resources (Ostrom, 2008) and that it is not only resource “owners” willing to make longterm investments into the improvements of a resource system (Schlager and Ostrom,
1992). In the case of coral reef systems, there are a number of examples of communities in developing countries managing their own resources (Pollnac et al., 2001; Cinner
et al., 2012) and other examples where, despite apparent management success, trends of
declining fish abundance and diversity are still evident (Christie et al., 2002). In some
cases, the initial trigger for collective action was the decentralisation of management
from governments to communities but this trigger resulted in increased local-level adaptive management and, subsequently, altered the views of communities towards a more
scientific understanding of cause-and-effect (Cinner et al., 2012).
Whilst the theory surrounding the tragedy of the commons may be logical, there is
evidence that communities are able to act collectively towards effective management.
What is less certain is whether this management is actually capable of producing tangible
conservation benefits. The application of the tragedy of the commons and other theories
attempting to make sense of the complexities surrounding the implementation of natural
resource systems can be seen in a variety of real-world examples and case studies. One
example is the Chagos Archipelago in the Indian Ocean where conservation attempts
have demonstrated ecological benefits to the coral reefs and surrounding environments,
while simultaneously failing in terms of socio-economic attributes due to the exclusion
of local communities.

1.2.2.2

The Chagos Archipelago

The Chagos Archipelago forms the British Indian Ocean Territory (BIOT), created
in 1965 for UK and USA defence purposes. It consists of five atolls, two of which were
abandoned in the 1930s and, subsequently, in the 1970s the plantations on the remaining
three atolls were closed due to the establishment of a military facility (Sheppard et al.,
2012). The local people were moved to various nearby countries, notably Mauritius and
the Seychelles, and some further afield to Europe (Edis, 2004). For the last 40 years,
the islands have been uninhabited, except for the southernmost atoll of Diego Garcia,
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the western arm of which contains the military facility, which is supported entirely from
outside the archipelago (Sheppard et al., 2012).
Research publications such as Sheppard et al. (2012) report that “The Chagos Archipelago
is unquestionably a very valuable biological asset... The exceptionally good condition of
the Chagos marine ecosystems is important in terms of biodiversity and productivity,
and for its likely bio-geographic role in the ocean” (Sheppard et al., 2012). However,
issues have arisen regarding the re-located communities.
While some of the people removed from the archipelago eventually received some financial compensation, a majority ended up “destitute” in Mauritius (Sand, 2012), and a
group of Chagos islanders have since taken their case against the UK Government to the
European Court of Human Rights (Lunn, 2012). It may well be, as noted by the BIOT’s
Conservation Advisor, that “lack of human pressures is likely to be one major reason for
the present good condition of these reefs” (Sheppard et al., 2012). The authors continue
by explaining that “while the decision to remove the inhabitants at the time was based
on politics and defence rather than for any reasons of conservation, the present good
condition of such a large area has been a fortuitous if unplanned consequence of the
subsequent lack of exploitation in the area”.
Surely, this arguable assertion should not be turned into a rationale for the continued
exclusion of the exiled Chagos islanders from their homeland (De Santo et al., 2011).
However, the MPA was officially declared in May 2010, while the case for the repatriation of the Chagosian Islanders was under deliberation by the European Court of
Human Rights. Controversially, statements made by the BIOT Commissioner during
advanced consultations with the US Embassy in London on 12 May 2009 (summarised
in a diplomatic cable later disclosed by Wikileaks), “establishing a marine park would,
in effect, put paid to resettlement claims of the archipelago’s former residents” (Sand,
2012).
From a governance perspective, the Chagos Archipelago is a conundrum. In many
respects, it is the perfect Marine Protected Area, offering the opportunity to promote
recovery in a system, knowing that it is no longer under the threats of a large number of
the negative influences that have lead to the degradation of coral reefs across the Indian
Ocean (Sheppard et al., 2012).
However, for a majority of the world’s coral reefs, removing human populations is not
a solution due to population pressures being placed on coastal environments, which is
predicted to increase dramatically in the future. It is very difficult to learn from a
system, in which “sustainability” (in regards to the sustainable use of natural resources)
in effect is not a factor. It would be difficult therefore, to apply the findings of studies
conducted under this arrangement, to other marine protection programmes. Therefore,
it becomes very difficult to assess the efficacy of the Chagos MPA because, despite being
considered a success biologically, socially it should be considered a failure.
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The issues in the management of natural resources highlighted here indicate a number
of complexities. The tragedy of the commons theory offered an initial explanation for
many of the complexities surrounding the unsustainable use of natural resources which
led to the need for conservation action, although there have been reports of areas where
community based natural resource management has resulted in self-organisation towards
effective conservation, suggesting that even the most respected theories are not able to
accurately explain all of the individual threats, issues, and cultures of different communities. This supports the argument that we need to consider each area as a unique
entity.
For example, there are valid lessons to learn from the Chagos Archipelago but, those
lessons may not be applicable elsewhere. Clearly, the removal of communities is not a
feasible option in a large majority of areas suffering from resource degradation. Therefore, it is necessary to consider management systems which give thought to both the
ecosystem and dependent local communities and resource users. The focus on management programmes and no-take zones (areas prohibiting resource extraction (Lester
et al., 2009)) must not be allowed to detract from the need for additional provision for
management measures for the vast majority of reefs that are heavily affected by people
(Bellwood et al., 2004; Folke et al., 2004). It is therefore important to understand the
different forms of marine protection, in order to consider the potential impacts on unique
local communities.

1.2.3

Aceh, Indonesia

Owing to the percieved failure of western command-and-control fishery management systems (e.g. Crowder et al. (2006) and, more recently, the lack of success in implementing
MPAs in many developing countries (Cinner and Aswani, 2007), there is increasing
recognition of the value of community-based and customary management systems in
delivering improved conservation outcomes (Clifton, 2009; Govan, 2009).
Coastal communities across the Indo-Pacific region have a long history of implementing
area- and time-based programmes so they can better manage their resources (Cinner,
2005). In many parts of the world, there is increasing interest among scientists, managers
and communities in merging long-enduring customary practices that limit resource use
with contemporary management initiatives (Cinner and Aswani, 2007). The relevance of
traditional fisheries management remains high in places such as Aceh, Indonesia, where
community-based marine management strategies have been practiced for upwards of 400
years (Wilson and Linkie, 2012). Early observers in the Pacific recorded various customary practices that limited access to marine resources as a result of closed seasons
and areas, limited entry regulations regarding the gear used, which could be considered
analogous to western methods (Olsson et al., 2004; Cinner and Aswani, 2007). However, past studies have suggested that conservation strategies which integrate indigenous
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ecological knowledge and management practices have a higher rate of local acceptance
and therefore greater conservation value (McClanahan et al., 2006; Cinner and Aswani,
2007).
The Government of Aceh, Indonesia, aimed to empower coastal communities to sustainably and equitably manage marine resources with the local government. As a result,
in 2008, the government established a Marine and Fisheries Task Force to identify priority areas for marine conservation and coastal communities through a combination of
systematic conservation planning and participatory involvement of local communities
(Syakur et al., 2012).
There are still critical questions relating to how customary management systems, such as
those found in Aceh, can conserve resources and provide benefits to coastal communities
but there have been attempts to quantify these benefits anecdotally (Olsson et al.,
2004; Polunin, 1984; Johannes, 1978) and, more recently, efforts are being made to
do so empirically (Cinner and McClanahan, 2006; Bartlett et al., 2009; McClanahan
et al., 2006). Results from these studies suggest that community-based management
programmes can have ecological impacts through maintaining fish biomass (Bartlett
et al., 2009; McClanahan et al., 2006) and, in some instances, coral cover (Cinner et al.,
2012). Behavioural impacts on the fish themselves have also been recorded, whereby
fish are easier to spear when temporary restrictions are lifted (Setiawan et al., 2012).
However, despite seemingly well-design conservation strategies, on-the-ground awareness
of community-based MPAs is reportedly low (Glaser et al., 2010). In addition, issues
surrounding community based MPAs have reportedly been exacerbated by the tsunami
in December 2004, which claimed approximately 167, 000 lives, including 14, 000 fishers
and 59 of the 193 traditional marine leaders, and destroyed 9,500 fishing vessels in Aceh
(Wilson and Linkie, 2012). One consequence of so many lives lost in the tsunami was
that much of the traditional knowledge,typically handed down through families, was
lost. This loss of knowledge has posed a significant risk for those fishing communities
who were trying to rebuild their livelihoods following the tsunami.
The Panglima Laot system in Aceh gained international recognition following the 2004
tsunami for the role it played in the area’s recovery. It is a customary institution
that has the authority to manage everything related to fishing and coastal activities,
conserve coastal regions, oversee conflict resolution, manage the customary laws of the
sea and traditional vales and has been in effect since the 17th century (Setiawan et al.,
2012). The Panglima Laot regime to a leading role in helping both the fishing and
broader communities (Pomeroy et al., 2006; Stobutzki and Hall, 2005). It acted as a
link between the government and communities (Wilson and Linkie, 2012) and liased with
aid and donor organisations. In a quantitative assessment of the community perceptions
of the impacts of Panglima Laot (Setiawan et al., 2012), 69% of respondents perceived
the Panglima Laot management as positive in regards to livelihoods, levels of trust and
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wellbeing. They also believed that they were actively involved in decision making within
the community. This suggests that community-based management programmes can be
effective with regards to maintaining the ecological status of fisheries (Bartlett et al.,
2009; McClanahan et al., 2006) and that the management is perceived positively within
the community (Setiawan et al., 2012).

1.2.4

Coral Reef Marine Protected Areas

The overall goal of coral reef management is to sustain the ability of tropical reefs to provide the ecosystem goods and services (such as fisheries, cultural and aesthetic values)
upon which human welfare depends (Bellwood et al., 2004). Throughout history, the
demand for regulatory management has been low in marine systems compared with terrestrial habitats (Schlüter et al., 2013). Additionally, management of tropical fisheries,
where it exists, has typically been instigated after exploitation, when degradation has
already occurred (Bellwood et al., 2004). Central to coral reef management are MPAs,
a family of spatially-explicit marine management systems that include a vast array of
designations, with associated and varying levels of protection.
Marine protected areas have a huge range of potential functions, including increasing population sizes within reserve boundaries (Halpern and Warner, 2003), increasing
tourism (Hargreaves-Allen et al., 2011), protecting sensitive habitats, providing refuge
for intensively fished species, enhancing the production of fisheries and, in some cases increasing resilience and rates of recovery from disturbance (Bellwood et al., 2004; Mumby,
2006; Game et al., 2008)
Circumstances can vary widely between individual MPAs and the diverse array of designations and levels of protection available reflect this, such as: closed areas, no-take
zones and multiple-use zones (Jentoft et al., 2007). They are also known by a variety
of names, including but not limited to: parks, reserves and sanctuaries (Pomeroy et al.,
2004). As a result, the term “marine protected area” should be considered an umbrella
term, which can apply to the wide range of different marine protection strategies available. Similarly, dozens of definitions for MPAs can be found in the literature. The most
commonly accepted is that proposed by the International Conservation Union (IUCN):
“Any area of intertidal or sub-tidal terrain, together with its associated flora, fauna,
historical and cultural features, which has been reserved by law or other effective means
to protect all or part of the enclosed environment” (Kelleher and Kenchington, 1982).
The IUCN outlines the categories used to classify protected areas. From a marine
perspective, these categories detail the different kinds of management options that can
be classed under the term MPA (summarised in Box 1).
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Box 1: IUCN categories of MPAs (Dudley, 2008).
• Ia - Strict Nature Reserve. “Protected from all but light human use in order to
preserve the geological and geomorphological features of the region and its biodiversity”.
• Ib - Wilderness Area. Similar to a category Ia but typically larger with less stringent
protection. Typically protected for biodiversity and ecosystem processes, against
previous human disturbance.
• II - National Park. Similar to a wilderness area in size and objective, but typically
more lenient with human involvement. Typically managed in a way that will feed
into local economies, education and tourism.
• III - Natural Monument or Feature. Comparatively smaller area specifically allocated
to protect a natural monument and nearby habitat. It can protect either natural or
man made features.
• IV - Habitat/Species Management Area. Similar to category III, but focusses more
specifically on areas of conservation of a specific kind of habitat or species, i.e.
mangroves or seagrasses.
• V - Protected Landscape / Seascape. Provides a conservation plan for a body of land
or ocean but normally allows a range of for-profit activities.
• VI - Protected Area with Sustainable Use of Natural Resource. A more encompassing
classification, focussed on the mutually-beneficial correlation between nature conservation and sustainable natural resource management for the livelihoods of dependent
communities.
Marine protected areas are an integral component of local, national and international
fisheries management strategies and the conservation of biodiversity (Halpern et al.,
2008; Fox et al., 2012; Glew et al., 2012). As of April 2016, only 2.2% of the world’s
oceans (1.03% in strict no-take zones) were protected by 13,674 implemented and actively
managed MPAs (Marine Conservation Institute, 2016). In the last year alone 2,341 new
MPAs have been established, covering an additional 0.04% of the world’s oceans (0.09%
increase in no-take zones) (calculated using data from Marine Conservation Institute
(2015) and Marine Conservation Institute (2016)). However, these data only provide an
estimate of the current use and implementation of MPAs.
The actual number of MPAs is difficult to quantify, as new ones are being established
continuously, many of which are very small (Hargreaves-Allen et al., 2011). As such,
community-based MPAs are rarely reported, and not reflected in many databases, despite being numerous (Weeks et al., 2010). Additionally, although the number and rate
of MPA implementation is encouraging, there is a concern that some are being implemented too quickly, with the intention of meeting political rather than conservation
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targets. In many countries, this issue is compounded further by insufficient government
funds for enforcement and management; poor support from local communities has also
hindered the efficacy of many marine conservation strategies (Mora et al., 2006; Yasue
et al., 2010). As a result, evaluations of individual or regional groups of MPAs suggest that a majority do not meet their management objectives (Hargreaves-Allen et al.,
2011). Similarly, many developing countries are faced with a serious lack of resource,
limiting the size, number and efficacy of management programmes and increasing the
likelihood of “paper parks” (Bellwood et al., 2004; Rife et al., 2012).
In order for marine protection to be as effective as possible, it is necessary to implement
conservation efforts in the areas where they are most needed. Southeast Asia is home to
some of the most diverse coral reefs in the world (Pomeroy, 2012), however the region
also supports many developing countries. As such, there is both the need for effective
conservation and resources, knowledge and support for those efforts to be effective.

1.2.5

Marine Management in Southeast Asia

Tropical ecosystems are rich and considered exclusive reservoirs of much of the world’s
biodiversity (Sodhi et al., 2004). Southeast Asia is home to nearly 100,000 km2 of coral
reefs (estimated at almost 34% of the global total) (Burke et al., 2002). So it is clearly
an important geographic region for coral reef conservation, and the risks of tourism
associated with the current pressure to build increasing numbers of resorts (Wong, 1998)
means that coastal issues are likely to increase.
To gain an understanding of the current research being undertaken in Southeast Asia’s
coastal systems a systematic review was undertaken. Research papers were selected
according to a pre-determined set of criteria:
1. Publication within a period of 20 years (between January 1995 and December
2014).
2. Publication in a peer-reviewed international research journal.
3. Present new scientific knowledge, either through new data, collating existing data
into a new synthesis or conducting comparative studies on countries in Southeast
Asia.
A total of 30 studies were selected and categorised by country of focus (Table 1.2).
Additional analysis was conducted on the number of citations as a means of assessing
research output. This was calculated using the total number of citations by December
2014, divided by the number of years since the article was published.
This list of publications is by no means exhaustive, however, it does serve to indicate
which areas are and which areas are not receiving international research attention. There
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was a heavy bias towards Indonesia and the Philippines, which were involved in 12 and
15 of the 30 publications, respectively. Meanwhile, there were no publications assessing
either Brunei or East Timor, potentially due to the size of the nations, and only one
publication each in Myanmar and Singapore. The small number of publications in
Myanmar is likely due to the lack of scientific access in the past and it is likely that
numbers will increase now that borders are open.
Table 1.2: Subset of 30 international peer-reviewed publications on coastal environments in Southeast Asia (references compiled December 2014). SN refers to
the number of publications focused on a Single Nation, and MN refers to those
involving Multiple Nations. Numbers in brackets refer to the mean number of
citations per year since publication.
Country

Coast

No. Publications

length SN

MN

Topics

References

N/A

N/A

Total

(km)
Brunei

161

Salayo et al. (2008) [6.00],
Cambodia

429

0

4

4

Governance

Nasuchon and Charles (2010)
[5.25], Hamilton (2012) [0.00];
Pomeroy (2012) [18.50].

East Timor

706

N/A

N/A

Pomeroy
Edinger

(1995)
et

al.

[15.15];
(1998)

[13.63]; Elliott et al. (2001)
[6.92];Pomeroy et al. (2001)
Ecological
Indonesia

54,716 6

6

12

[14.85];Christie (2004) [19.90];
Satria and Matsuda (2004)

Governance

[4.90]; Fox et al. (2005) [6.00];

Social

Siry (2006) [6.13]; Stobutzki
et al. (2006) [1.25]; Glaser
et al. (2010) [2.50]; Campbell
et al. (2012) [6.00]; Syakur
et al. (2012) [5.00].

Continued on next page
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Continued from previous page
Country

Coast

No. Publications

length SN

MN

Topics

References

Total

(km)
Laos

Land-locked

Pomeroy

(1995)

[15.16],

Pomeroy et al. (2001) [14.85];
Malaysia

4,675

0

5

5

Governance

Satria and Matsuda (2004)
[4.90];

Siry (2006) [6.13];

Stobutzki et al. (2006) [1.25].

Myanmar

1,930

0

1

1

Governance

Nasuchon and Charles (2010)
[5.25].

Pomeroy et al. (1997) [5.82];
White

and

Vogt

(2000)

[10.36]; Pollnac et al. (2001)
[21.08]; Pomeroy et al. (2001)
[14.85]; Christie et al. (2002)
[10.33];
Ecological
Philippines

36,289 5

10

15

Christie

(2004)

[19.90]; Nielsen et al. (2004)
[4.70]; Webb et al. (2004)

Governance

[5.30]; Gjertsen (2005) [7.56];

Social

Oracion et al. (2005) [11.56];
Alcala
[35.50];

and

Russ

Stobutzki

(2006)
et

al.

(2006) [1.25]; Salayo et al.
(2008) [6.00];

Hill,

N, A

et al. (2012) [10.50]; Pomeroy
(2012) [5.82].

Singapore

193

0

1

1

Ecological

Hoeksema and Koh (2009)
[7.00].

Continued on next page
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Continued from previous page
Country

Coast

No. Publications

length SN

MN

Topics

References

Total

(km)
Pomeroy

(1995)

[15.16];

Pomeroy et al. (2001) [14.85];
Stobutzki et al. (2006) [1.25];
Thailand

3,219

1

5

6

Governance

Salayo et al. (2008) [6.00];
Pomeroy

(2012)

[18.50];

Bennett and Dearden (2014)
[9.00].

Pomeroy

(1995)

[15.16];

Pomeroy et al. (2001) [14.85];
Vietnam

3,444

0

4

4

Governance

Stobutzki et al. (2006) [1.25];
Salayo et al. (2008) [6.00];
Pomeroy (2012) [18.50].

General

N/A

N/A

2

Ecological
Tourism

1.2.5.1

Allen (2008) [25.29]; Wong
(1998) [9.00].

Cambodia

Cambodia was selected as the study site for this work for a number of reasons, primarily
due to my previous experience in the country, but also due to the research output.
Previous publications in international peer-reviewed journals showed a small number
of studies concerning Cambodian marine systems, each focussed on the governance of
marine resources. There was also minimal evidence of the recognition of publications
relating to Cambodian marine systems (mean number of citations per year ranged from
0.00 to 18.50). This suggests that despite the presence of a broad array of marine habitats
of global importance (such as coral reefs, mangroves and seagrasses) and associated local
resource dependent communities, limited international research is being conducted, and
that which has been conducted has had limited impact.
Additional articles, not specifically discussing marine systems, highlight the policy implications for the Cambodian government and international donors with regards to the
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unsustainable extraction of resources (De Lopez, 2002), and the lack of reliable information on the status and trends in the marine fish stocks. In the years since this article
was published there has been an increase in the number of marine studies conducted in
Cambodia; however, each of these have only been published within a local conservation
journal, The Cambodian Journal of Natural History, and as a result there is a lack of
information on Cambodian coral reefs within international research.
A summary of the studies on the Cambodian coral reefs published by The Cambodian
Journal of Natural History is listed below:
• Evaluating the status of Cambodia’s coral reefs through baseline surveys and scientific monitoring - this paper used the Reef Check methodology with additional
coral reef indicator species to assess the extent and health of the coral reefs surrounding the Koh Rong Archipelago (Van Bochove et al., 2011).
• Assessment of fishing practices in marine fisheries management areas around Koh
Rong and Koh Rong Sanloem, Cambodia - aimed to understand fishing practices
within the proposed marine fisheries management area (Leng, 2013).
• Abundance and diversity of marine fauna and flora of the Koh Rong Archipelago
- aimed to assess the impact of Cambodia’s first MPA on the health of coral reefs
(Savage et al., 2013) (See Appendix 1).
• A comparative study of marine fish and invertebrates inhabiting coral reefs surrounding Koh Rong Island, Cambodia - a comparative assessment between invertebrate and fish assemblages on the east and west coasts of Koh Rong (Ret, 2013).
• A current status assessment of the coral reefs of the Koh Sdach Archipelago - aimed
to establish the current status of coral reefs in the Koh Sdach Archipelago (Savage
et al., 2014) (See Chapter 3).
• Zoning Cambodia’s first Marine Fisheries Management Area - described the process of designing an MPA around the Koh Rong Archipelago using MARXAN with
Zones spatial planning software (Boon et al., 2014).
• Current status of coral reef health around the Koh Rong Archipelago, Cambodia aimed to provide a baseline for reef health in the Koh Rong Archipelago to inform
management plans for the planned marine fisheries management area (Thorne
et al., 2015).
Each of these publications adds valuable knowledge to the state of Cambodian coral
reefs; however, there is a distinct need for additional research in this area, and for that
research to be more broadly reported in international research forums. However, in order
to increase the volume of research coming out of the Cambodian coastal zone and other
countries in Southeast Asia it is necessary to have a better understanding of the extent
and health of these ecosystems.
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Baseline data

Despite the ecological and economic importance of coral reefs, we have a poor understanding of how this ecosystem responds to human activities, particularly on a regional
or global scale (Hodgson, 1999). Many coral reefs worldwide are degraded, as a result
of overfishing, declining water quality and both the direct and indirect effects of climate
change (Hughes et al., 2007). As a result, there is a growing need for baseline data
against which to judge the efficacy of conservation efforts (Magurran et al., 2010). Attempts have been made to mitigate and reverse declines in reef health associated with
these impacts through the establishment of global monitoring networks, MPAs and the
implementation of management and conservation programmes on a variety of spatial
scales (Downs et al., 2005). As a result, there is a consensus that MPA performance
requires regular evaluation against clear criteria, incorporating comparisons of ecological
and socio-economic performance (Sandin et al., 2008; Magurran et al., 2010; HargreavesAllen et al., 2011).
Quantitative surveys of coral reef habitats as recently as the 1980s report high densities
of predatory fish, however, more recent accounts suggest dramatic declines in reef fish
and corals (Sandin et al., 2008). Before/After and Control/Impact (BACI) studies are
widely used to determine environmental impacts (Underwood, 1992) or the impact or effectiveness of conservation measures and management programmes (Savage et al., 2013).
Under a before/after scenario, a coral reef may be surveyed prior to the establishment
of a marine protected area (Van Bochove et al., 2011; Savage et al., 2014; Thorne et al.,
2015) and surveyed again following implementation in order to determine the efficacy of
a management programme. Alternatively, in the absence of baseline data, comparisons
may be based on the control/impact design, whereby reef health in a protected area is
compared with a similar unprotected area (Savage et al., 2013). However, there have
been extensive critiques of these methods (Underwood, 1992, 1994), particularly when
only one control site is chosen (Underwood, 1994). Using such asymmetrical designs in
many circumstances is insufficient because any location-specific differences between the
two chosen locations will be interpreted as an impact even if it has nothing to do with
the human disturbances being assessed (Underwood, 1992).
Currently, there is a distinct lack of information on the background changes and natural
cycles within ecological systems (Magurran et al., 2010). Therefore, data which can be
used to monitor biodiversity, and to gauge changes in biodiversity over time, are essential
(Magurran et al., 2010) in order to guide potential future forecasts (Hawkins et al.,
2013). The rescue and re-use of data to provide “historic baselines” has contributed to
the debate on climate change responses of marine biodiversity in ecosystems (Hawkins
et al., 2013). Incorporating data from past studies (where available) can highlight the
natural cycle of environmental systems and indicate where past trends can educate
scientists, policy makers and managers about potential future effects. Therefore, the
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more information available, the more tailored management plans can become, increasing
adaptability and resilience in an uncertain climatic future.
To date, there have been limited applications of such techniques in coral reef ecosystems, particularly in areas lacking formal management, making it difficult to ascertain
whether changes in coral reef communities are a result of natural cycles of change or of
management systems applied. This could be related to the economic constraints associated with monitoring programmes and limited financial resources available for multiple
studies; or for studies in areas which are not being protected. However, the inclusion
of past studies (where available) can provide an opportunity for sustained observation,
using “old” data to help solve “new” problems (Hawkins et al., 2013).

1.2.7

Socio-economic aspects of marine management in developing
countries

Marine protected areas have been widely accepted as the leading tool for coral reef
conservation but resource users can struggle to accept them (Christie, 2004) and many
have failed to produce tangible benefits to conservation (McClanahan, 2005; McClanahan
et al., 2006; Béné et al., 2009; Dressler et al., 2010; Cinner et al., 2012).
Fisheries experts have recognised for some time that the involvement of stakeholders
and community members in resource management can reduce conflicts (Pomeroy, 1995;
Mascia, 2003; Siry, 2006). However, a key factor is the appropriate governance of these
areas, requiring the development of new laws and regulations which are essential if
efforts to promote and sustain existing local-level fisheries management systems are to
be successful (Pomeroy and Berkes, 1997).

1.2.7.1

Governance

Governance is “the formal and informal institutions through which authority and power
are conceived and exercised” (Larson and Soto, 2008). Environmental governance has
arisen as a discrete area of policy and research, particularly in the context of expanding
the theoretical knowledge base of sustainability and environmental justice (Batterbury
and Fernando, 2006). The political decentralisation of decision-making powers downwards to local institutions is an important feature of the environmental governance
approach since it is intended to improve, at least in principle, both accountability and
voice for local people and their representatives (Batterbury and Fernando, 2006). However, the means of decentralisation vary and, as a result, a series of indicators for “good
governance” have evolved (Table 1.3).
The explicit adoption of good governance in international development policy dates
back to the early 1990s (Doornbos, 2003). A greater use of the concept came with the
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end of the Cold War, and the dissemination and consolidation of neo-liberal economic
and political models worldwide (Batterbury and Fernando, 2006). The term “good
governance” is typically used to describe a package of public sector reforms designed to
elicit positive, lasting changes in accordance with a set of principles (Batterbury and
Fernando, 2006). However, for the purpose of this work, and the focus on developing
communities, it is important that considerations for “indigenous identities, structures,
values, institutions and heritage” (Deng, 1998) are also included in any definitions.
Good governance also requires new political and judicial measures and instruments to be
implemented. For example, political reforms following the end of the authoritarian rule
in Indonesia in the 1990s have allowed rural communities to protest government abuses
of power with more confidence and local government officials are more obliged to listen
to communities under the new operating conditions of state-society rules (McCarthy,
2004).

1.2.7.2

Socio-economic change

The long-term sustainability of community-based MPAs depends largely on local people
believing that the reserve is effective in enhancing fish populations (Walmsley and White,
2003; Yasue et al., 2010) and, thus, protecting their livelihoods. Therefore, ensuring that
the local communities are aware of such improvements is key. Scientists tend to consider
biological monitoring data the best means to demonstrate to communities that there
has been a change in fish abundance or catch per unit effort over time in and around
MPAs (Danielsen et al., 2005; Yasue et al., 2010) However, the most efficient means of
obtaining this data is still unclear.

1.2.8

Monitoring of Coral Reef Marine Protected Areas

There have been few seminal advances in techniques for the health evaluation of coral
reefs since line transects and visual fish counting were first proposed in 1972 (Risk
et al., 2001). Numerous alternatives have been proposed; however, these alternatives
typically rely on technology such as underwater cameras and video equipment, water
quality testing, lab analysis and, more recently, even the incorporation of CT scanners.
In many developed countries, these options may be feasible and provide valuable results
but, in developing counties their applicability is limited.
This limited applicability is due to a number of factors: firstly, the costly nature of some
of these techniques makes them unsuitable, both in the initial cost of equipment and the
on-going costs of maintenance of equipment and analysis of multiple samples. Secondly,
the remote nature of many coastal systems in developing countries that require monitoring means that access to required technologies is impossible. Thirdly, the logistical
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issues and required connections with facilities and institutions, and the transportation of
samples, renders many new techniques infeasible. Measuring both biological and social
performance is important for the on-going effectiveness of management systems.
Marine protected areas typically have both biological objectives, such as maintaining ecological integrity, and social objectives such as enhancing the livelihoods of fishermen, so
both biological and social performance must be measured in assessment of management
effectiveness (Mascia, 2003). Data on the social performance of MPAs can be achieved
relatively simply, through community census data, assessments of local economy and
through questionnaires and interviews.
However, the collection of biological data is much more complex, particularly when
dealing with developing communities. While in some situations, it might be possible to
use landing assessments of fishermen as a proxy for the influences of MPAs on marine
systems (Lunn and Dearden, 2006), there are many inherent issues and assumptions,
which dramatically reduce the applicability of findings.
From a governance perspective, the application of a community based monitoring programmes could help to mitigate a number of issues. Firstly, considering The Tragedy
of the commons and associated common pool resource theory, and governance design
principles proposed by Ostrom (1990), monitoring is essential to effective management.
In the context of developing countries, this can be a complex problem. The first option
in this scenario is to have monitoring completed by a suitable external body, such as an
international Non-governmental Organisation (NGO). An example of this is the agreement between the Royal Government of Cambodia and the international conservation
NGO Coral Cay Conservation. Under this agreement, Coral Cay Conservation staff and
volunteers collected the initial baseline data for the Koh Rong Archipelago, which was
used in the development of management plans (Van Bochove et al., 2011). However,
this is somewhat idealistic and, in practical terms, there are not enough capable bodies
to effectively monitor the amount of coral reefs in the world that need protection. International support is also not a long-term solution, as funding constraints often mean
that support is not possible or guaranteed.
The alternative is that local communities undertake the monitoring of marine resources
for themselves but, this in itself can pose problems relating to the validity and reliability
of data collection, correct interpretation and integration of findings into local governance
policy. A majority of the studies assessing the abilities of community members to collect
monitoring data have focussed on forestry’s and other terrestrial habitats (Constantino
et al., 2012; Funder et al., 2013; Danielsen et al., 2014). These have shown that enlisting
stakeholders in the collection and analysis of research monitoring data can educate
participants, building capacity and trust (van Lavieren, 2000; Mascia, 2003; Funder
et al., 2013; Danielsen et al., 2014), while maintaining transparency and inclusion within
governance systems and strengthening monitoring practices (Funder et al., 2013).
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Table 1.3: Factors leading to “good governance” found in the literature, with benefits and considerations for each.
Principle

Description

Benefits

Considerations

References

Legitimacy

The acceptance and justifica-

Should increase compliance,

Can indirect legitimacy be

Bernstein (2005); Batterbury

tion of shared rule by a com-

when messages are coming

enough in decentralised sys-

and Fernando (2006); Lock-

munity... the question of le-

from a valid source.

tem? Also requires that gov-

wood et al. (2010)

Transparency

gitimacy concerns who is en-

erning bodies exercise author-

titled to make rules and how

ity with integrity, therefore

authority itself is generated.

fostering trust.
Encourages involvement and

Can be difficult to be trans-

Batterbury

and

making processes; the clar-

reduces conflicts.

Can also

parent enough in remote areas

(2006) (referred to as “Open-

ity of reasoning in decisions

increase community participa-

where literacy levels are low or

ness”)

is communicated; availability

tion and foster compliance in

communications are difficult.

(2010)

of relevant information about

instances where it is clear why

governance and performance.

certain decisions have been

Lockwood et al. (2010)

Lockwood

Fernando
et

al.

made.
Accountability

The allocation and acceptance

Assigns responsibilities and

There can be difficulties in en-

of responsibility for decisions

provides points of contact,

forcing accountability, partic-

and actions; demonstration

can also encourage involve-

ularly in decentralised gover-

of whether responsibilities are

ment through trust, and en-

nance systems.

met.

sures that issues are rectified
in an efficient and timely manner.
Continued on next page
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The visibility of decision-

Principle

Description

Benefits

Considerations

References

Inclusiveness

Opportunities for stakehold-

Ensures stakeholders at all

Can slow processes and in-

Lockwood et al. (2010)

ers to participate in and influ-

levels are appropriately in-

crease complexity. Highlights

ence decisions and action

volved and made aware of

the need for adaptability and

changes, rules and regula-

the inappropriateness of a

tions. Can also assist in in-

“one-size-fits-all” approach.

creasing compliance and fairness.
Fairness

The respect and attention

Increases involvement of local

Important to ensure that re-

Batterbury

given to stakeholders views;

communities and gives sup-

sponsibilities are allocated in

(2006) (referred to as “Par-

consistency and absence of

port to marginalised groups.

a fair way and roles do not

ticipation”) (Lockwood et al.,

subsequently become unfair.

2010)
Lockwood et al. (2010)

bias in decision making.
Integration

The connection between and

Increases compliance,and fos-

Important to avoid duplica-

coordination

ters trust within local commu-

tion for efficient deployment

nities.

of effort and resources.

across

gover-

nance levels and organisations

and

Fernando
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Continued from previous page

at the same level; the alignment of priorities, plans and
activities.
Continued on next page
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Continued from previous page
Principle

Description

Benefits

Considerations

References

Capability

The systems, plans, resources,

An organisations capability

In a decentralised system of

Lawrence (2005) Lockwood

skills, leadership, knowledge

suggests that it should be able

governance, there is the risk

et al. (2010)

and experiences that enable

to meet the objectives tasked

that responsibilities will be al-

organisations and individuals

with in an efficient and cost

located to lower tiers without

involved to deliver on respon-

effective manner.

commensurate resources.

The incorporation of new

Increases the long term effi-

Important to consider the

knowledge into decision mak-

cacy of governance and pro-

difference between proactive

ing and implementation; an-

vides buffer against future

adaptability

ticipation and management of

change.

adaptability.

Policies must be clear and

Efficiency and meeting set

It is crucial to ensure that

Batterbury

timely and should correspond

targets will allow the effective

“good governance” is not lost

(2006)

to clear objectives.

implementation and manage-

in the search for effectiveness

ment of marine resources.

and that you cannot have one

sibilities.
Adaptability

reactive

threats, opportunities and associated risk; systematic reflection on performance.
Effectiveness

and

Fernando

or the other.
Continued on next page
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and

Lockwood et al. (2010)

Principle

Description

Benefits

Considerations

References

Coherence

Policies and practices should

Allows the integration of dif-

Can be difficult to ensure

Batterbury

be easily understood.

ferent stakeholders at differ-

that

(2006)

ent levels,

appropriately included and

ensuring trans-

parency and fairness.

all

stakeholders

are

and

Fernando

and

Fernando

informed, particularly when
dealing

with

communities,

marginalised
where

there

may be issues with communications, language and literacy
level.
Civic Peace

The importance of mutual re-

Linked with fairness, all stake-

Important not to lose sight of

Batterbury

spect, human dignity and hu-

holders should be included

the end goal when juggling the

(2006)

man rights among groups in

without bias and conflicts re-

needs of different stakeholders

society.

solved peacefully.

and trying to maintain peace.
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Forestry studies have also shown similar results between scientists and community members, for both the status and trends in species and natural resources (Danielsen et al.,
2014), and that results from community-based monitoring are typically implemented
into management much faster than those conducted by external agencies (Danielsen
et al., 2010). This suggests potential for participatory or community-based monitoring
in developing countries.
From a practical standpoint, if local resource-dependent communities were able to effectively monitor their own marine resources using low-cost, uncomplicated methodologies,
it would be much easier for those communities to monitor the effectiveness of their management programmes and foster the application of adaptive management plans. There
is an obvious need for simple low-cost monitoring techniques, which can be effectively
utilised by members of local dependent communities. However, the practicalities differ
when considering monitoring in coral reefs, where surveyors must be able to swim and
snorkel. It may also be necessary to consider the need for SCUBA diving in areas deeper
than 1-2 m.

1.2.8.1

Participatory Coral Reef Monitoring

In coral reef ecosystems, there is almost certainly a consensus that science has neither
the manpower nor the financial resources to meet the demands that are being placed
upon it (Hodgson, 1999). Some of the monitoring deficit has been picked up through
participatory ecological monitoring methods, aiming to bring together conservationists
and members of the public to collect data about changes in nature (Staddon et al., 2014).
Participants include volunteers, members of the public and in some cases local community members (Staddon et al., 2014). In coral reef systems volunteer organisations and
international NGO’s (Léopold et al., 2009), such as Coral Cay Conservation (Mumby
et al., 1995) are using volunteer based eco-tourism endeavours to provide the man power
necessary to conduct long-term monitoring programmes using simple coral reef survey
techniques. There is scepticism however, among some scientists about the reliability of
data collected by inexperienced volunteers (Foster-Smith and Evans, 2003). This issue is
further compounded by a distinct lack of education and understanding within local communities; meaning that monitoring and/or research efforts must normally be conducted
by international stakeholders (Hodgson, 1999; Foster-Smith and Evans, 2003).
There are many recognised advantages and disadvantages of using volunteers to collect
marine monitoring data. However, there are concerns about the reliability of data generated by volunteers (Darwall and Dulvy, 1996). Much of the scepticism surrounding the
use of volunteer based data stems from three core issues, as discussed by Foster-Smith
and Evans (2003):
1. A lack of field experience in the volunteers
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2. Inadequate guidelines on the use of equipment or methodologies
3. Insufficient training prior to conducting surveys

Past studies assessing the survey abilities of coral reef surveyors have been limited and
the results have varied (Table 1.5). The six studies outlined in Table 1.5 show that while
there is clear potential for participatory monitoring involving volunteers, there is much
less consensus about using community members within marine systems. In the study
conducted by Léopold et al. (2009) difficulties in applying the Reef Check fish indicator
species to the area limited the potential comparisons between scientists and volunteers.
As a result, comparisons were only possible for two indicator species. However, the
results did suggest that scientists and volunteers were consistent with regards to means
and variance of density estimates of the two indicator species. Contrastingly, the five
indicators selected and assessed by the community members were much more applicable
to the region, but the local community showed much higher variation in their density
estimates of the indicator species and, owing to the different indicators used by each
group of surveyors, it was not possible to compare the results collected by each group.
As a result, it would be beneficial to conduct a comparative assessment of the survey
abilities of volunteers and local community members, where all involved are using the
same methodology to assess the same indicators, in order to establish the potential
application of participatory ecological monitoring to coral reef ecosystems.
Table 1.4: Advantages and disadvantages of participatory monitoring as described by Hill and Wilkinson (2004).
Advantages

Disadvantages

Cost effective

Data precision is usually low

Can act as an “early warning
system” of changes in coral
reefs

A large amount of time must
be spent on training to ensure
reliable data

Increases
education
and
awareness within and around
monitoring programme

Reduced detail
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Table 1.5: Past studies assessing abilities of coral reef surveyors.
Authors

Purpose of Study

Surveyor Background

Broad Indicator Type

• Accuracy of volunteers compared
with scientists varied from 52-70%

Scientists
Mumby
(1995)

et

al.

To determine the accuracy
and consistency of data

Substrates
International
Volunteers

Scientists
To test and validate the use of
non-specialist volunteer divers

Uychiaoco et al.
(2005)

Comparing reef health data
collected by community members and scientists

(Léopold et al.,
2009)

Comparing three fish survey
methods in Fiji, including local taxa and Reef Check

Fish

Scientists
Fish

Volunteers

Fish

Community
Members

Substrates

Fish
Goffredo
(2010)

et

al.

Determine the potential for
mass collected “citizen science” data collection

Scientist
Volunteer

• No clear improvement in accuracy
with experience
• 13 dives reduced mean variance in
precision from 13% to 0.6% between
volunteers and scientists
• At early stages, precision was
considered high enough to detect
change at trophic level

International
Volunteers

Community
Members
Scientists

• Reef profile affected results

Invertebrates
Substrates

• Community collected fish data with
higher abundances and variation
than scientists
• Scientists and volunteers consistent
in results
• Cannot compare with local community monitoring due to incompatibilities in indicators and methods
• Trained recreational divers produce
acceptable levels of accuracy and
consistency
• Can collect large quantities over
long periods
• Quality of data improved with time,
may be due to skills of trainers
• Diver experience impacted results
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Darwall
and
Dulvy (1996)

Main Findings of Study
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Thesis Outline

Identification of the gaps in our understanding of the implementation of marine management strategies in developing countries, suggests the need for additional research. The
primary aim of this research is to fill the gaps in current knowledge of the implementation and management of MPAs in developing countries, using examples of different
programmes to manage coral reef habitats in Cambodia. Therefore, this thesis outlines
four individual studies which aim to provide additional information about the design
and implementation of MPAs (Figure 1.1). The work that preceded this thesis involved
determining the impact of the first no-take zone to be established in Cambodia (see
Appendix one for a copy of the publication). The findings of this work suggested no
significant change in the marine communities between protected and unprotected sites,
indicating no change as a result of the protection. However, the management scheme
had only been in place for six years at the time of the study so it would have been
unrealistic to assume any detectable change in community structure, which is predicted
to take upwards of 10-15 years (Russ and Alcala, 2004). Conducting this comparative
assessment led to many more questions about the way that marine management systems are implemented, managed and monitored, particularly in developing countries
like Cambodia.

1.4

Aims and Objectives

Implementing marine management systems is an extremely complex process, with a large
assortment of factors, stakeholders and individual site-specific variables. There are still
large gaps in the scientific knowledge surrounding the best way to effectively manage
coral reef resources, particularly in developing countries. This thesis aims to fill aspects
of these gaps using a combination of ecological and social techniques. Through the assessment of past, present and future marine management strategies in resource-dependent,
coastal communities in Cambodia, this research will provide additional detail on many
of the typically overlooked aspects of marine reserve implementation and development.
The overall aim of this thesis is to assess and understand current Cambodian marine
management strategies with a view to improving the effectiveness of design, implementation, monitoring and management.

Chapter  One

Chapter  Two

Introduction   and  Literature  
Review  
• Highlighted  gaps  in  current  
knowledge
• Identified  aims  and  
• objectives

Methods  for  Monitoring  
Coral  Reef  Resources
• Outlines  coral  reef  
indicators  assessed
• Describes  survey  
techniques  used

Appendix  1  
Abundance  and  diversity  of  marine  flora  
and  fauna  of  protected  and  unprotected  
reefs  of  the  Koh Rong Archipelago,  
Cambodia
Purpose:  Assessing  efficacy  of  similar  
areas  to  inform  future  plans
Research  Gap:  First  assessment  of  
ecological  efficacy  of  Cambodia’s  first  MPA
Aim: Impact  of  protection  on  fish,  invertebrate  
and  substrate  assemblages

Coral  reef  health  in  an  unprotected  
Cambodian  Archipelago
Purpose: Determining  change  in  the  study  
site  while  not  under  any  formal  management
Research  Gap: First  assessment  of  change  in  
an  unprotected  area  of  coral  reef
Aim: Assess  the  change  in  fish,  invertebrate  
and  substrate  communities  over  10  years  with  
no  marine  protection

Baseline  
Assessment  of  
Reef  Health

Reef  Health  in  
Unprotected  Areas

Chapter  Three  
A  baseline  assessment  of  the  Koh Sdach
Archipelago
Purpose:  Provide  a  reliable  baseline  to  inform  
management  plans  and  to  facilitate  future  
comparisons
Research  Gap:  Provides  an  up-to-date  
analysis  of  all  the  reefs  in  the  Koh  Sdach  
Archipelago,  with  additional  detail
Aim:  Establish  extent  and  current  status  of  
coral  reefs  in  the  Koh Sdach Archipelago

Effectiveness  of  community  and  volunteer  
based  coral  reef  monitoring   in  Cambodia
Purpose:  Establish  the  potential  for  
community  and  volunteer  based  coral  reef  
monitoring  
Research  Gap: First  comparison  of  precision  
of  data  collected  by  community  members,  
international  volunteers  and  scientists
Aim: Compare  the  abilities  of  coral  reef  
surveyors  to  assess  benthic  indicators.

Community  
Perceptions  of  
Management

Community-based  
Coral  Reef  
Monitoring

Chapter  Five  
Assessing  community  perceptions  of  
marine  management  strategies  in  
Cambodia
Purpose: Ascertain  community  perceptions  
of  management  to  determine  effective  
programmes and  compliance
Research  Gap: First  analysis  of  community  
satisfaction  with  differing  levels  of  marine  
management  in  Cambodia
Aim: Assess  community  perceptions  of  
marine  management  strategies  in  Cambodia

Figure 1.1: Thesis outline displayed as timeline of MPA implementation, updated with key findings and outputs of this research.
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Efficacy  of  
existing  MPAs

Chapter  Six  
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Chapter  Four  
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The aims and objectives associated with each study are detailed below. Aim and objective numbers refer to the chapter number in which the aims and objectives are assessed.

• Aim 3 To establish the current status of coral reefs in the Koh Sdach Archipelago.
(a) Objective 3a: establish the location and extent of coral reefs in the Koh Sdach
Archipelago.
(b) Objective 3b: determine the current status of the coral reefs using a set of
predetermined reef health indicators to assess fish, invertebrate and substrate
communities.
• Aim 4 To assess changes in reef communities between 2001 and 2013 in the absence
of environmental protection.
(a) Objective 4a: compare coral reef communities of fish, invertebrate and substrates between 2001 and 2013.
(b) Objective 4b: make additional comparisons on an island-by-island basis to
provide additional information for the development of zonation-based management plans.
• Aim 5 To assess the perceptions of local communities towards marine management
strategies in three villages in coastal Cambodia.
(a) Objective 5a: determine differences in community perceptions of governance
in centralised and decentralised management programmes.
(b) Objective 5b: establish the threats to management and environment as perceived by the local community.
(c) Objective 5c: assess perceptions of change over time related to the environment and aspects of environmental health and community wellbeing.
• Aim 6 Compare the abilities of coral reef surveyors, with different levels of experience to assess benthic invertebrate and substrate indicators, to determine the
potential application of volunteer and community-based monitoring to coral reef
management.
(a) Objective 6a: assess surveyor precision and accuracy across surveyors with
different levels of training and experience.
(b) Objective 6b: establish how the experience gained during the assessment will
impact precision and accuracy.

Following this introductory chapter and the identification of research gaps, the following
chapters meet the aims and objectives stated above, and are summarised below.

32

1.4.1

Chapter 1 Introduction and Literature Review

Chapter 2: Methods for monitoring coral reef resources

This chapter was included to provide additional background information on the techniques and methods used in this research. As a result of the array of monitoring programmes used, and the subtle differences in techniques and applications used in each
study, this chapter provides a detailed description of each method and the indicators
used.
Supplementary species level indicator information is provided in appendix 2, with additional detail on which indicators are used for each study in this thesis. Further project
specific details and any modifications to both methodologies and indicators are given in
each individual chapter.

1.4.2

Chapter 3: A baseline assessment of the Koh Sdach Archipelago

This chapter outlines the first marine assessment of all the coral reefs in the Koh Sdach
Archipelago. This assessment was conducted to determine the extent and health of
coral reefs, in order to assist in the development of a marine management plan for the
archipelago. This study used a modified form of the Reef Check protocol, and consisted
of 30 surveys across the archipelago, conducted on an island-by-island basis, to assist
in the development of future zonation based planning. The findings of this study were
then incorporated into discussions for the development of community-based management
programmes by members of the local community. The Royal Government of Cambodia
is also pursuing the development of the country’s second large-scale marine fisheries
management area around the Koh Sdach Archipelago, and the findings of this study will
assist with the design and implementation of such strategies.
Outputs
This chapter was peer reviewed and published in 2014, with the following reference:
Savage, J. M., Osborne, P. E., Hudson, M.D., Knapp, M. P. & Budello, L. (2014) A
current status assessment of the coral reefs in the Koh Sdach Archipelago, Cambodia
Cambodian Journal of Natural History. 2014 (2): 47-54

1.4.3

Chapter 4: Coral reef health in an unprotected Cambodian
archipelago

The majority of studies assessing marine protected areas have investigated either before/after protection implementation, or make comparisons of protected areas with
nearby unprotected areas as a means of assessing the efficacy of management strategies.
However, in a majority of cases, this leads to the assumption that any improvement in
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reef health is as a result of the management intervention, whereas it could be due to a
number of different factors.
This study utilised two different data sets on reef health in the Koh Sdach Archipelago,
collected 12 years apart. The first was collected by a team from the National University
of Singapore, who aimed to establish the tourism potential of the area. The second data
set was utilised from Chapter 4 of this thesis. Owing to the differing methodologies and
indicators used by the two investigations, data were reconfigured in order to produce
comparable data sets, and allow effective comparison.
This study was the first to assess the reef health of an unprotected area over an extended period, and indicated that improvement in reef health can occur in the absence
of a marine management programme. These results suggest a need to reassess how the
effectiveness of marine management strategies is determined, and reinforces the need
for appropriate and continued monitoring to enable adaptive management strategies.
This would then enable key stakeholders to utilise the benefits and mitigate the declines associated with natural ecosystem cycles, in order to establish effective long-term
management programmes.
Outputs
Accepted as an Oral presentation at the International Conference on Biodiversity, Ecology and Conservation of Marine Ecosystems (BECoME) 2015
Manuscript Submitted to Ocean and Coastal Management for Review January 2016

1.4.4

Chapter 5: Assessing community perceptions of marine management strategies in Camboida

Primarily, this chapter discusses differences in community perceptions of different marine
management strategies in coastal Cambodia. Research themes related to the perceptions
of governance systems, threats and change to the environment, society and management
systems. Semi-structured interviews were conducted with members of three different
coastal communities, each experiencing a different form of marine protection at different
stages of implementation.
The main findings of this study show the potential environmental and socio-economic
benefits of the management systems currently supported by the Royal Government of
Cambodia. However, the findings also suggest issues within local and national governance systems with the potential to hinder the social and ecological efficacy of the
management programmes.
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1.4.5
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Chapter 6: Community monitoring in developing communities

A limited number of studies have assessed the application of volunteer based marine
monitoring, and even fewer have assessed community monitoring conducted by local
community members. Previous studies have also typically focussed on the assessment
of fish populations. Since fish are typically motile, there are inherent difficulties in
determining the abilities of surveyors to assess fish populations when the fish move and
therefore, it is likely that different people are seeing different fish.
This chapter is focussed on the efficacy and validity of community based and volunteerbased marine monitoring methodologies. Study participants were assigned to one of
four experience categories and were required to assess the abundance of five sedentary
indicator species over a series of six 20 x 5 m belt transects.
This study addressed the lack of knowledge about the precision and accuracy of surveyors
conducting marine surveys in relation to their experience level. Results showed that
determining accuracy of surveys was not possible due a lack of consistency of species
counts irrespective of experience level. However, precision did appear to increase with
experience level, but increases in precision as a result of the experience gained within
the study varied.
Overall findings suggested that international volunteers and members of local communities are capable of collecting monitoring data subject to the development of an appropriate survey methodology, identification of appropriate indicators and the implementation
of suitable traning programmes.
Outputs
Presented as a Poster at the International Conference on Biodiversity, Ecology and
Conservation of Marine Ecosystems (BECoME) 2015
This chapter was accepted for publication on 20th May 2016 by Aquatic Conservation:
Marine and Freshwater Ecosystems, with the following reference:
Savage, J.M., Osborne, P.E. & Hudson, M, D. (in press). Effectiveness of community
and volunteer based coral reef monitoring in Cambodia. Aquatic Conservation: Marine
and Freshwater Ecosystems.

Chapter 2

Methods for monitoring coral reef
resources
2.1

Introduction

Owing to the multidisciplinary nature of this research, the techniques and methods used
in this work consist of both ecological and social monitoring techniques and associated
indicators. Past studies have emphasised that baseline data and sampling at multiple
spatial and temporal scales is necessary to inform the development of management initiatives, to measure change, and maintain adaptability (Mascia, 2003; Lincoln-Smith
et al., 2006). This chapter outlines the justification for the selection of techniques and
indicators for monitoring coral reef health and the status of resource-dependent local
communities.

2.2

Study Site

2.2.1

Cambodia

As a post-conflict country where many of the foundations for growth and development
(physical, social, human and economic) have been shattered, Cambodia has made remarkable progress in rebuilding itself. However, environmental degradation and the
unsustainable exploitation of natural resources, through over-harvesting and the trade
of certain species to the Chinese medicine market (Nijman, 2010), continue to be of serious concern (UNDP, 2001) and the Royal Government of Cambodia is pursuing options
for achieving a sustainable balance between development and conservation through the
implementation of both national and international legislation.
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(a)  Cambodia

(b)  The  Koh  Sdach  Archipelago
Bot
Botom  Sakor  
National  Park

Cambodia
Phnom  Penh

(b)
(c)

(d)

(c)  The  Koh  Rong  Archipelago

(d)  Trapaeng  Sangke  
Kampot

Koh  
Rong

Trapaeng  
Sangke Trapaeng  
Sangke

Koh  Ron  
Sanloem

Figure 2.1: (a) Cambodia, with the three study sites indicated within the coastal
zone, (b) the Koh Sdach Archipelago, (c) the Koh Rong Archipelago, (d) Trapaeng Sangke village. For illustrative purposes only.
To date, research in Cambodia has been limited, particularly in marine environments.
The number of international publications surrounding Cambodian marine systems is
small and very few are concerned with conservation efforts. As a result, the overall
status of the Cambodian marine environment is poorly understood (Burke et al., 2002).
This research was conducted in three fishing villages in the Cambodian coastal zone
(Figure 2.1 a): the Koh Sdach Archipelago (Figure 2.1 b), the Koh Rong Archipelago
(Figure 2.1 c) and, Trapaeng Sangke village (Figure 2.1 d).
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Cambodian Marine Management

In 2006, Cambodian Law of Fisheries provided protection to habitats such as coral reefs,
mangroves and seagrasses and to marine animals and plants (Boon et al., 2014). Marine protection in Cambodia primarily consists of the Community Fishery organisations
(CFis). Small protected areas, typically designed, implemented and managed by members of local, resource-dependent communities. The Community Fisheries Organisation
(CFi) programme was initially designed for inland, freshwater fisheries on the Mekong
and Tonlé Sap. There are currently 39 coastal CFis recognised by the Cambodian government and national targets have been set to strengthen those already existing and to
establish new ones (Boon et al., 2014). However, there is very little understanding of
the effectiveness of the first 39, which is likely to be variable (Boon et al., 2014).
International commitments, including Aichi Target 11 of the Convention on Biological
Diversity, require more of Cambodia’s marine areas to be brought under effective, equitable and ecologically representative management by 2020. In light of this, the National
Action Plan for Coral Reef and Seagrass Management in Cambodia 2006-2016 aims
to protect a minimum of 8.4 km2 of coral reefs and 90 km2 of seagrass beds through
appropriate forms of sustainable management by 2016 (Vibol, 2010; Boon et al., 2014).
In addition to these international targets, the Royal Government of Cambodia has outlined a framework for reform known as the Rectangular strategy (Rectangular Strategy,
2013) (Figure 2.2). At the core of the framework is “good governance” which is presented
through fighting corruption and the reform of legal and judicial institutions, public administration, and the armed forces. While the framework does not deal with marine
environments or coral reefs specifically, there is reference to fisheries reform under the
objective of “Enhancement of the Agricultural Sector”.
In order to meet these targets, the Ministry of Forestry and Fisheries of the Royal Government of Cambodia is working in collaboration with national and international conservation Non-governmental Organisations (NGOs) to develop a series of CFis throughout
both freshwater and marine fisheries. Additionally, the Fisheries Administration (FiA)
(a sub-organisation of the Ministry of Forestry and Fisheries), is in the process of establishing the country’s first large scale Marine Protected Area (MPA) known as a Marine
Fisheries Management Area (MFMA) around the Koh Rong Archipelago.

2.2.1.2

Selection of study sites

The study sites used in this research were selected from areas in the Cambodian Coastal
Zone, which had either implemented, or had the intention to implement a CFi. Beyond
this, sites were selected based on my prior work and experience in the region, and
through a combination of research through Cambodian policy documentation (such as
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Figure 2.2: The framework of the Rectangular Strategy proposed by the Royal
Government of Cambodia. Developed from original framework from Rectangular Strategy (2013).
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the Rectangular Strategy (2013)) and local knowledge of marine management strategies.
This lead to the identification of three study sites, with each showing differing levels of
economic development, dependence on the fishing industry and amounts of external
support and funding for conservation initiatives.

2.2.1.3

The Koh Sdach Archipelago

The Koh Sdach Archipelago is located approximately 60 km south east of the Cambodian
border with Thailand, in the Kiri Sakor District of Koh Kong Province, adjacent to the
Botom Sakor National Park (Figure 2.3). There are a total of seven islands within the
archipelago: Koh Ampul, Koh Andech, Koh Chan, Koh Damloung, Koh Sdach, Koh
Smach and Koh Totang. The islands of Koh Ampul and Koh Sdach are made up of
two and three islands respectively, however, these islands are often connected during
seasonal low-tides, and are grouped together both legally and for the purposes of this
work.
Koh Smach is the largest of the islands, measuring 2 km at its widest point, with
Koh Andech and Koh Damloung, the smallest, each measuring approximately 500 m in
length.
Owing to the limited amount of research in the area, very little is known about the physical attributes of the archipelago. The islands are primarily covered in rainforest, with
rocky coastlines descending into fringing reefs. Koh Sdach is home to a majority of the
local population (approximately 670 households), with a small number (approximately
five households) living on the islands of Koh Ampul, Koh Smach and Koh Totang. The
remaining islands are uninhabited, occasionally visited by passing fishermen seeking
shelter during bad weather.
Koh Sdach has a total population of around 4,000 and fishing is the primary business,
with the majority of people either directly or indirectly dependent on the industry
(Chou et al., 2002, 2003; Savage et al., 2014). The village of Koh Sdach is also the
centre of the commune and district, home to several governmental offices and a strong
military presence. The island also provides a very important shipping port on the
trade route between Thailand, Cambodia and Vietnam, giving reliable import/export
facilities. Village amenities include a medical clinic, both primary and secondary schools,
a market and an array of household operated shops, bars and restaurants.
During the latter half of 2012 and early 2013, meetings were arranged between the local
community members and the government to make arrangements for the development of
a CFi. The management efforts aim to protect the coral reefs within the archipelago
from over fishing and destructive fishing practices and to protect key marine fauna and
flora. This involved the development of a group of founders, local elections for committee
members and establishing the rules, regulations and boundaries of the CFi (Figure 2.3).
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Figure 2.3: A map of the Koh Sdach Archipelago. Koh Sdach village indicated
by the red dot. Orange line indicates the boundary of the Koh Sdach CFi
established in November 2014.
In November 2014, the CFi was legally established by the Fisheries Administration,
authorised by the Royal Government of Cambodia. However, to date, the rules and
regulations have not been implemented and as such the area could be considered a
“paper-park”. When MPAs are declared but insufficient resources are available for the
effective design, management or enforcement of the area, the areas then become known
as “paper-parks” (Rife et al., 2012).

2.2.1.4

The Koh Rong Archipelago

The Koh Rong Archipelago is situated in the Bay of Kompong Som, north-west of the
mainland port of Sihanoukville. The archipelago comprises six islands, the largest being
Koh Rong, covering an area of approximately 74 km2 (Sophat and Reasey, 2010). Of
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the six islands, two are inhabited, with four villages on the main island of Koh Rong,
and three villages on the smaller island of Koh Rong Sanloem (Figure 2.4).
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Figure 2.4: Map of the Koh Rong Archipelago, with boundaries of current and
proposed management systems.
The archipelago has been under a level of marine protection since the development of
three CFi’s (established between 2007 and 2009) around the main villages and fishing
grounds covering 18,672 ha (Boon et al., 2014). However, there is currently no knowledge
on how successful these CFi’s have been. There is also a small no-take MPA, privately
owned and managed by a small luxury tourism resort located close to the village of Prek
Svay (Savage et al., 2013).
There are currently plans in place to establish the country’s first MFMA around the
Koh Rong Archipelago. This area will be managed through strategic zoning of the
area, which has been developed through collaborations between the Royal Government
of Cambodia, members of local CFi committees and several international NGOs (Fauna
Flora International, Coral Cay Conservation and the Footprints Foundation) (Boon
et al., 2014). However, at this time, there is little understanding of the long-term
impacts of this management plan on local communities, with regards to livelihoods and
their participation in governance institutions.
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2.2.1.5

Trapaeng Sangke

Trapaeng Sangke is a small coastal fishing village located within the Teak Chhou District
of Kampot province, approximately 100 km east of the port of Sihanoukville and 20 km
west of Cambodias border with Vietnam. The village is on an estuary with direct access
to the sea and is home to approximately 9,000 people, who are dependent on fishing
for their livelihoods with little or no opportunity for livelihood diversification. The
community is predominantly Muslim, with strong support links with Malaysian NGOs.

N

Kampot

Trapaeng Sangke

2  km

Figure 2.5: Map of Trapaeng Sangke village, red dots indicate location of both
Trapaeng Sangke village and the nearby provincial town of Kampot.
In 2008, a CFi was designed by the local community after fishermen showed concern
over the use of illegal fishing gear and loss of the local mangrove habitats. With support
from the FiA and (supporting) funding from Action Aid, the CFi was established in
2009.
The management plan focussed not only on the protection of habitat and fisheries but
also on providing funds for community development projects (Boon et al., 2014). All
members of the CFi were required to take part in meetings and conservation activities
and the importance of education, stressed throughout the management programme,
both in terms of education for local children and environmental education for the whole
community.
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Management plans also included the development of a mangrove nursery and rehabilitation project aimed at replanting mangroves along the coast, where they have previously
been over-harvested. Eco-tourism projects have also been integrated into the management programme in order to fund the conservation efforts beyond the initial support
provided by Action Aid. There were 2,027 members (as of January 2015) of the CFi.
All members are required to join in with annual management meetings, patrols, report
any illegal fishing and abide by the rules of the CFi, including not using illegal fishing
gear and not harvesting the mangroves. Additional environmental benefits of the CFi
include the development of a mangrove nursery, in which the CFi, community and visitors work to restore mangrove communities along the coastline surrounding the village.
Since the establishment of the mangrove rehabilitation scheme in 2012, the committee
leader explained that they have effectively replanted 25 ha of the 31 ha, which were lost
due to unsustainable harvesting practices.

2.3

Ecological Monitoring

Currently, loss of marine biological diversity is occurring at an alarming rate (McField
and Kramer, 2007). Coral reef monitoring programmes aim to distinguish relevant biological signals from noise caused by natural, spatial and temporal variation (Jameson
et al., 2001) and range from monitoring by large institutions such as the Australian
Institute of Marine Science to studies conducted by individual research scientists Jameson et al. (1998). As such, the scope of marine monitoring programmes has increased
to include those specifically designed for volunteer divers and snorkellers, such as the
Reef Check programme (Hodgson, 1999) and the Global Coral Reef Monitoring Network
(GCRMN) (Hill and Wilkinson, 2004; Jameson et al., 1998). Both programmes describe
specific fish, invertebrate and substrate taxa to be used as indicator species for assessing
coral reef health.

2.3.1

Indicator Selection

Coral reef conservation value is typically related to the biodiversity of corals, invertebrates and fish (Edgar et al., 2004). Biological, or ecological indicators used for coral reef
monitoring are either ecologically or economically important (Hill and Wilkinson, 2004).
In recent years, indicators have gained increasing attention for short- and long-term monitoring in environmental science, biodiversity conservation and fisheries management at
various scales, from local and national to worldwide (Léopold et al., 2009).
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2.3.1.1

Reef Check Indicators

Initially, the indicators used in this research were selected based on the suggested global
indicators list and the regional list for the Indo-pacific for fish, invertebrate and substrate
communities (Hodgson, 1999). The Reef Check programme categorises indicators into
the following anthropogenic risk categories, depending on what aspects of decreasing
reef health they are directly related to (Hodgson, 1999):
• Overfishing
• Dynamite fishing
• Cyanide fishing
• Aquarium trade fishing
• Pollution
• Curio collection
The Reef Check indicator list was then developed and validated through analysis of
previous studies in the Cambodian coastal zone (Van Bochove et al., 2011; Savage et al.,
2013). Additional indicator categories were included based on scientific literature, studies based on Indo-pacific coral reef indicators (Green and Bellwood, 2009) and previous
studies in Cambodia. Important considerations for indicator selection were:
• Ease of identification for surveyors.
• Ability to provide information on reef health in terms of anthropogenic impacts
(Hodgson, 1999) or known species of economic importance (McField and Kramer,
2007).
• Regionally accepted as appropriate indicators of reef health (Risk et al., 2001).
Each experimental chapter in this thesis had different aims and, as such, the indicators
used in each varied. Past studies have indicated that monitoring at the taxonomic levels
genus or family can provide a similar answer to that produced when data are analysed
to species level (Clarke and Warwick, 1994; Hodgson et al., 2006). As such, indicators of
higher taxonomic categories, such as family and genus were selected, rather than species,
to ensure accurate identification by non-specialists. The taxonomic level of “species”
was only used when positive identification was possible due to the distinctive behaviour,
shape and colour (Hodgson, 1999). A list of the taxonomic groups of the indicator
species selected, along with justification for their inclusion and supporting references is
provided in appendix 2. The breakdown of all indicator species used in each chapter of
this thesis is listed in appendix 3.
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Biological assessment should ideally utilise a baseline (reference condition) against which
the status of one or more sites can be evaluated; however, worldwide, there are no coral
reefs free from the direct and indirect effects of humans (Jameson et al., 2001).
There will never be an “off-the-shelf” long-term monitoring program. Each location has
different marine resources and specific needs requiring a custom design (Hodgson and
Stepath, 1998). However, existing methodologies, typically fall into two major categories: Global monitoring programmes (such as Reef Check and GCRMN) and regional
monitoring programmes (such as the Atlantic and Gulf Rapid Reef Assessment and
Seasearch). For the purposes of this work, global monitoring programme methodologies
formed the basis of the techniques selected due to their broad worldwide acceptance and
applicability, and current use in the Cambodian coastal zone.

2.3.3.1

Global Coral Reef Monitoring Network

The GCRMN programme was formed in 1995 to assist developing countries in the implementation and monitoring of coral reefs (Hill and Wilkinson, 2004). It aimed to develop a
consistent monitoring programme that incorporated biological, physical, social economic
and cultural studies (UNESCO, 1997).
The GCRMN programme includes assessments of benthic, invertebrate and fish communities, along with assessments of physical parameters through the use of sedimentation
traps and analysis of water quality (Hill and Wilkinson, 2004).

2.3.3.2

Reef Check

The Reef Check organisation was formed in 1997 to facilitate volunteer and community
monitoring (Hill and Wilkinson, 2004). Initially, the Reef Check programme was developed from existing methodologies (English et al., 1988, 1997) to conduct a one-time
global assessment of coral reef health using a team of recreational divers trained and
overseen by a marine scientist (Hodgson, 1999). The Reef Check programme has been
designed to act in a multilevel monitoring system. The initial concept was to create
an international network of national, regional and local co-ordinators who would be responsible for all aspects of coral reef surveys in their specific area. The survey protocol
included the collection of four types of data: a site description, a fish survey, an invertebrate survey and a substrate survey (Hodgson, 1999). The fish and invertebrate surveys
can be described as belt transects and the substrate surveys a Line Point Transect (LPT)
with the sampling interval set at 50 cm. Each of these is described in more detail below.

46

Chapter 2 Methods for monitoring coral reef resources

Owing to the use of the Reef Check programme for current coral reef monitoring programmes in Cambodia, this research programme was selected as the starting point for
coral reef surveys in this research. However, due to certain limitations of the programme,
adaptations and developments were made for the completion of this work.
Issues and Adaptation
The nature of the Reef Check monitoring programme meant that there were certain
adaptations which were necessary prior to the collection of data. Firstly, the Reef
Check programme utilises a series of 100 m transects assessing fish and invertebrate
and substrate communities. The standard Reef Check methodology breaks this 100 m
transect down into four 20 m segments, each separated by a 5 m section of un-surveyed
reef. Each of the 20 m sections is considered a replicate but there are inherent issues
with the lack of independence between these samples. Analysing non-random, nonindependent sub-samples as if they were a set of data amenable to usual statistical
procedures is an issue of pseudoreplication as described in another context by Hurlbert
(1984). This was of particular concern for the analysis of fish communities, since the close
proximity of transects means that individuals of certain fish species could be counted
on multiple transects. Owing to the risk of scientific inaccuracy in the Reef Check
programme, related to non-independent samples and pseudoreplication (Hurlbert, 1984),
modifications were required. For the research conducted in chapters three and four of
this thesis the individual 20 m segments of each survey were combined into a single
transect of 80 m per survey (Petraitis, 2001). As a result of the comparative nature of
chapter five, it was not possible to combine the 20 m segments. This was due to the
manner in which the data were collected by the team from the National University of
Singapore. As a result, the findings of this chapter must be considered with the same
assumptions of independence as studies using the standard Reef Check programme.

2.3.4

Coral Reef Monitoring Techniques

The coral reef survey methods used in this work include a selection of the techniques outlined by the Reef Check programme (Hodgson, 1999) and GCRMN (Hill and Wilkinson,
2004) with modifications as necessary to meet the aims and objectives of each research
project.
Additionally, all techniques used involved the use of transects, meaning that multiple
techniques were conducted on a single transect in order to build the complete survey
methodology.
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Belt Transects

A transect line was used to provide a central reference line for surveys and to quantify
the survey area. All the belt transects used in this research were 5 m belt transects,
measured as 2.5 m each side of the transect line. This was estimated as the distance
from finger tips to fin tips for the average surveyor (all surveyors were measured prior
to conducting surveys). The overall length of transects was determined by the needs of
the assessment and analysis and length varied between 20 and 100 m.
Fish Belt Transect
Fish belt transects (Figure 2.6) were conducted as a variation on the standard belt
transect, used to quantify fish populations based on a list of predetermined indicator
species (see appendix 2 and 3 for details). However, it was necessary to conduct the
surveys in a three-dimensional space due to the mobility of some fish groups, so the
survey area was extended to cover 5 m vertically from the substrate (Total area 20 m x
5 m x 5 m). Fish transects were conducted by two surveyors, with each responsible for
surveying a 2.5 m window each side of the transect line. Counts of each surveyor were
combined after the survey, however surveyors were required to discuss and agree on a
system that would limit the risk of fish being counted multiple times in the event that
an individual fish swam in and out of each survey area prior to conducting surveys.
Surveyor 1

Surveyor 2

Xm

Figure 2.6: Outline diagram of fish belt transect. All measurements described
as ‘X’ were determined by the specific requirements of each assessment.
Fish belt transects were always conducted first in the survey, in order to minimise the
risk of fish populations being disturbed by the presence of the surveyors (Hodgson, 1999).
Invertebrate Belt Transect
Invertebrate transects (Figure 2.7) were conducted in a similar way to fish transects.
However, attention was moved from searching in the water column to investigating the
cracks and crevices in the substrate. For this reason, surveyors were encouraged to
swim in an “S” shape through the survey area. Depending on the complexity of the site,
the invertebrate belt transect was conducted by two surveyors, in a similar manner to
the fish transects, and the species counts of each surveyor were combined following the
survey.
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Surveyor 1

Surveyor 2

Xm

Figure 2.7: Outline diagram of invertebrate belt transect. All measurements
described as ‘X’ were determined be the specific requirements of each assessment
2.3.4.2

Substrate Transects

Line point transects, line intercept transects and video transects are considered to provide the best estimates of percentage coral cover and diversity (Hill and Wilkinson,
2004). Previous studies also showed that line point transects describe higher species
diversity than using photo-quadrat techniques (Savage et al., 2013), and are more suited
to work in developing countries. The initial and ongoing costs associated with the purchase and maintenance of digital cameras and video equipment mean that the use of
photo-quadrats and video transects in remote areas in developing communities are impractical considering the scope of this research. The remaining methods are outlined
below.
Line Point Transect
Line point transects (also known as point intercept transects) were used as a means
of assessing substrate communities (Figure 2.8). The survey interval was designed to
balance the precision required by the analysis, with the effort required and time available.
For the purpose of this research, the interval was set at 50 centimetres (Greenstein and
Pandolfi, 1997). Surveyors were required to record the substrate found directly beneath
the transect line at the prescribed distance points. A plumb line was used to reduce bias
in sampling.

X cm

Xm

Figure 2.8: Outline diagram of line point transect used in substrate assessments.
All measurements described as ‘X’ were determined by the specific requirements
of each assessment. Blue arrows indicate sampling interval.
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Line Intercept Transect
In some instances, Line Intercept Transects (LIT) were also used to assess substrate
communities (Figure 2.9). Similarly to line point transects, a transect line was deployed
but in this case, the surveyor recorded the substrate beneath the line in accordance
with the pre-determined list of indicators and then recorded the distance point on the
transect line where substrate changes.

Sub Type

Sub Type

Xm

Figure 2.9: Outline diagram of line intercept transect used in substrate assessments. All measurements described as ‘X’ were determined by the specific
requirements of each assessment. Interval shown by blue arrows is determined
by the local substrate composition.

2.3.4.3

Training of Surveyors

Data for a majority of the projects in this research were collected using international volunteers enrolled on a marine science internship within local conservation organisations.
All participants underwent a minimum of a two week full-time training course (excluding
time spent on SCUBA training), covering the necessary background information, species
identification, survey techniques, data entry and safety considerations. Each of these
aspects of the training included both classroom and in-water training sessions. Prior to
being allowed to conduct a survey, participants were required to complete the training
course, pass both computer based and in-water tests (90% pass rate), complete two trial
surveys and observe one survey.
New surveyors were then introduced slowly to each of the techniques used in a survey, to
build skills over time. Participants who did not meet the requirements of the assessments,
or were deemed not to be competent, were assigned other roles and did not participate
in the collection of data for this thesis.

2.3.4.4

Survey Protocol

Each survey was conducted by a four man team over a 100 m section of coral reef
using Self-Contained Underwater Breathing Aparatus (SCUBA). The 100 m survey area
was broken into two 50 m sections to allow surveys to be conducted either by two
teams simultaneously (where numbers of surveyors made this possible) or by the same
survey team over two dives with a surface interval between dives. Within each 100 m
transect, there were four sections (each 20 m in length), separated by a 5 m patch of
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un-surveyed reef, in accordance with the Reef Check protocol (Hodgson, 1999; Hodgson
et al., 2006) (as previously discussed, this was subsequently removed in the analysis of
data to minimise risks of pseudoreplication due to non-independence between samples).
The start position of each survey was marked with a surface marker buoy attached to the
substrate and its location recorded on the GPS. This marker was located in the middle
of the 100 m transect at the 50 m mark, with each survey conducted 50 m from this
point, parallel to the shore. The shallow nature of Cambodian coral reefs required that
surveys were conducted in one of two depth bands (Shallow = 2-6 m, and where possible,
Deep = 8-12 m). Once the depth of the survey start point was recoded, transects were
laid using a shore parallel bearing and following the depth contour of the reef to ensure
that the survey depth remained within ±1 m of the starting depth throughout.
Firstly, fish communities were surveyed using the fish belt transect described above, to
minimise the potential risk of disturbance from surveyors on populations. Additionally, the transect line was deployed behind the fish surveyors to minimise disturbance.
Subsequent invertebrate belt transects and line point transects were conducted using
the original transect line. Following the completion of each survey, all equipment was
removed, unless each 50 m section was being surveyed on separate dives, in which case
the marker buoy remained in place for the dive surface interval so that divers were able
to re-locate the survey start point.

2.4

Socio-economic Assessments

Attempts to manage coral reef degradation have to balance sustainable use of resources
with conservation. The relationships between human behaviour and reef ecosystems are
critical and there is a close link between how people use coral reefs and their socioeconomic background (Bunce et al., 2000). Research suggests that social factors, not
biological or physical variables, are the primary determinants of the success or failure
of marine management efforts (Mascia, 2003). Therefore, investigating the social and
economic impacts of marine management is essential in order to determine the success
of programmes.
Chapter five of this thesis describes a social study in which community perceptions of
Cambodian marine management systems were assessed using a series of semi-structured
interviews. The indicators used in this study are detailed below.
More detailed information on the methodology and themes of analysis is provided in
Chapter five. Appendix four provides information on the study participants and appendix five gives an outline of the question topics used.
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Socio-economic Indicators

With respect to impact indicators, the sustainability and success of a project are based
primarily on participant’s reactions to said project and these may not always be in
accordance with objective, quantifiable evidence (Pomeroy et al., 1997). Resource users
often have different views on the environment and, their actions are based on such views,
perceptions and knowledge (Blaikie, 1995; Webb et al., 2004). The way members of a
community perceive the effectiveness of a project can also be used to gauge willingness
to participate, since the perceived benefits of participating in an MPA must outweigh
the perceived costs (Ostrom, 1990; Ostrom et al., 1994).
The socio-economic indicators used in the social aspects of this research broadly related
to three key themes: perceptions of governance, perceived threats, and perceptions of
change.
Additional information was collected on each participant relating to:

• Age
• Gender
• Occupation
• Current/past involvement in conservation activity
• Perceived fairness of any proposed or imposed rules

2.4.1.1

Perceptions of Governance

Management of MPAs, like politics, creates “winners” and “losers”. When the process
and management is smooth, past studies have shown that those affected by environmental policies accept their fate, whatever the outcome, and continue to have confidence in
the system of decision-making. However, if management decisions are received poorly
within the community, there is increased risk of discontent, non-compliance and conflict
(Oracion et al., 2005). Governance indicators used in this socio-economic assessment
included: capability, transparency, accountability, inclusivity and compliance. Each of
these governance indicators was described by Lockwood et al. (2010) and are defined as
follows:

• Capability - “refers to the systems, plans, resources, skills, leadership, knowledge,
and experiences that enable organisations, and the individuals who direct, manage
and worked for them, to effectively deliver on their responsibilities”.
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• Transparency - “refers to (a) the visibility of decision-making processes; (b) the
clarity with which the reasoning behind decisions is communicated; and (c) the
ready availability of relevant information about governance and performance in an
organisation”.
• Accountability - “refers to (a) the allocation and acceptance of responsibility for
decisions and actions and (b) the demonstration of whether and how these responsibilities have been met”.
• Inclusivity - “refers to opportunities available for stakeholders to participate in
and influence decision-making processes and actions. Governance is regarded as
inclusive when all those who have a stake in governance processes can engage with
them on a basis equal to that provided to all stakeholders”
• Compliance - “compliance means the organisation (and those affected by it) observes relevant legislation, standards, and codes”.

Each of these indicators was assessed at multiple scales: locally (community-based committee’s and leaders), regional (provincial committees and leaders) and nationally (national government).

2.4.1.2

Perceived threats

It is clear that individuals within a community will be differently impacted by marine
management efforts (Pomeroy et al., 1997). Understanding the threats to the environment from the perspective of those reliant on environmental resources can highlight both
the issues which should be tackled by management systems but also the potential impact
of any proposed rules and regulations which may or may not be considered necessary
by members of the community. As such, these views can have impacts on how effective
communities consider any management systems to be, in addition to potential compliance. Similarly, threats may relate to the management or governance of conservation
systems and could highlight potential conflicts and indicate resolutions.
Indicators relating to threats perceived by community members were identified by the
following categories:
1. Environmental threats
2. Political threats
3. Socio-economic threats
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Perceptions of Change

Indicators relating to perceptions of change were broadly identified as changes to the
following: the environment, household income, education, healthcare and community
happiness. In study sites where management had not yet been implemented, questions
focussed on the expected changes of the community; for example, whether they believed
that healthcare in the village would change as a result of the implementation of marine
management.
Environmental change
Perceptions of change within the environment included both past changes and potential future changes. Identification of past changes in the environment can indicate the
triggers for community-based management, and in areas where management has been
implemented, can indicate whether community members are feeling the benefits of conservation efforts and, subsequently, whether the benefits experienced outweigh the perceived costs of management regulations (Ostrom, 1990). In sites where management
has not yet been implemented, it is also useful to ascertain how communities believe the
environment will change as a result of management, how long they anticipate it will take
to detect these changes and whether they understand the potential impact of any rules
and regulations. This therefore also integrates aspects of compliance and awareness of
environmental threats.
Household Income
Assessing household income is inherently difficult for several reasons. Firstly, within
fishing communities, income is dependent on catches, which can be highly variable dayto-day, and participant recall can be unreliable (Stevenson et al., 1982). Secondly,
landing statistics are often used to provide information on income. Once again, such
techniques are often considered unreliable and are not conducted frequently enough
(Pomeroy et al., 1997). This is further complicated in Cambodia, where villagers are
reluctant to discuss catches and income with each other, and more so with outsiders
(pers. obs.). For this reason, it was deemed more appropriate to discuss perceived
changes in income following management intervention.
Education and Healthcare
The variables of education and healthcare relate to aspects of community wellbeing
(Pomeroy et al., 1997). In this context they also link closely with income, whereby, with
increased income, community members are able to afford access to better healthcare
and are able to either keep children in school longer or are able to send them to areas
with better educational facilities such as larger towns or capital cities. There is also
the possibility that if household income was to increase within villages, and that economic benefit was felt throughout the community, that the educational and healthcare
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facilities within villages may improve. Therefore, perceived changes to both education
and healthcare are important variables in assessing both community wellbeing and the
influence of management systems throughout villages.
Community Happiness
Assessment of human community wellbeing can be complex and expensive (Pomeroy
et al., 1997), especially when considering multiple variables under the umbrella term of
“community wellbeing”. However, one simple metric is to discuss how happy individuals
in the community were and how they expected this to change over time.

2.4.2

Socio-economic Method

Stakeholder perception data were collected through semi-structured interviews (Pomeroy
et al., 1997; Webb et al., 2004; Oracion et al., 2005; Hamilton, 2012). This method was
selected for a number of reasons. Firstly, low literacy levels within the study sites could
lead to a bias in data collected using questionnaires. For example, community members
who were unable to read and write would be unable to complete the questionnaire
without assistance. In Cambodia, people are often too proud to ask for assistance
(pers. obs.) and, as a result, the views of some members of the communities may
not be appropriately represented. There is also the chance that those who were able
to read and write would not be able to do so at a standard to which they would be
able to effectively communicate their feelings. Secondly, semi-structured interviews are
well-suited to exploring attitudes, values, beliefs and motives (Richardson et al., 1965;
Barriball and While, 1994), while also providing the opportunity to assess the validity
and reliability of participants responses to questions (Barriball and While, 1994). This
can be particularly helpful if discussing sensitive issues (Gordon, 1975).
Additional detail on the identified themes, socio-economic indicators and sampling methodology used are detailed in Chapter five.

Chapter 3

A baseline assessment of the Koh
Sdach Archipelago
3.1

Abstract

Cambodia is taking steps towards developing a series of protected areas to combat increased environmental degradation. The Koh Sdach Archipelago has been highlighted
to become the country’s second largest marine protected area, and management plans
are being developed through collaborations between local communities and national and
international conservation organisations. Prior to the implementation of any management programme, however, and up-to-date baseline analysis of the environmental status
of the area is helpful, and will allow the development of appropriate site-specific management strategies. This study uses a modified form of the Reef Check survey protocol.
Results indicated that the coral reefs found throughout the Koh Sdach Archipelago are
in good condition, but with some evidence of degradation. Conservation efforts are
recommended as a means of preventing future degradation, and encouraging long-term
stability within the ecosystem.

3.2

Introduction

In many parts of the world, anthropogenic stresses and climatic changes have resulted in
dramatic changes to coral reefs (Hughes et al., 2005). Coral reefs provide ecosystem good
and services to millions of people around the world (Mascia, 2003). Estimated to provide
roughly $40 billion in net goods and benefits to the world’s economies, including tourism,
fisheries and coastal protection (Cesar et al., 2003), coral reefs also support subsistence
and local economy needs in developing countries (Medley et al., 1993). The long-term
sustainability of these benefits is threatened, however, by direct over-exploitation of coral
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reef resources, destructive fishing practices, air and water pollution and climate change
(Wilkinson, 2000). From an ecological perspective, effective coral reef management can
be viewed as increasing or maintaining key ecosystem parameters, such as fish biomass or
coral cover, maintaining ecosystem processes and function, and, increasingly promoting
resilience to disturbance and fluctuations (Hughes et al., 2003).
Cambodia is a post-conflict country currently undergoing a phase of recovery and development. Cambodia’s coastline extends 435 km between the borders of Thailand and
Vietnam with 69 islands and territorial waters covering 55,600 km2 (Nelson and Carson,
1999; Savage et al., 2013). Cambodia’s coral reefs are mostly fringing reefs surrounding
the coastal islands (Chou et al., 2003). Fishing in Cambodia is important for both food
and economic security, and Marine Protected Areas (MPAs) are currently seen as the
best way to protect coral reefs from damage and encourage recovery (Bellwood et al.,
2004; Mumby et al., 2004).
Cambodia’s marine protection efforts are currently limited to several small community
fisheries throughout the coastal zone, in addition to a small privately owned and managed
no-take zone in the northern Koh Rong Archipelago (Savage et al., 2013). Currently,
plans are in place to establish the country’s first large-scale MPA around the Koh Rong
Archipelago. Plans for a second large-scale MPA are also being developed, and will
surround the Koh Sdach Archipelago. The local communities within the Koh Sdach
Archipelago are actively involved in the design and management of these management
plans.
The Koh Sdach Archipelago is located approximately 60 km east of Cambodia’s border
with Thailand (10o 55’N, 103o 5’E), in the Kiri Sakor District of Koh Kong Province.
There are seven islands in the archipelago: Koh Ampul, Koh Andech, Koh Chan, Koh
Damloung, Koh Sdach, Koh Smach and Koh Totang. Koh Smach is the largest of the
islands (approx 30 ha), and Koh Andech the smallest (approx 4 ha). The islands are
covered in primary rainforest, with rocky coastlines descending into fringing reefs. Koh
Sdach is home to most of the local population, with approximately five households living
on the islands of Koh Ampul, Koh Smach and Koh Totang. The remaining islands are
uninhabited except for occasional visits by passing fishermen seeking shelter during bad
weather.
Koh Sdach Village is home to ca. 670 households, giving a total population of around
4,800, and fishing is the primary business, with the majority of people economically
dependent on the fishing industry, directly or indirectly. Koh Sdach is also the centre of
both Kiri Sakor District and the Koh Sdach Commune, home to several governmental
offices and a strong military presence. The island provides a very important shipping
port on the trade route between Thailand, Cambodia and Vietnam, allowing reliable
import and export opportunities. Consequently, the Koh Sdach community is much
more affluent than most small villages in coastal Cambodia, with facilities such as a
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medical clinic, primary and secondary schools, a market and an array of householdoperated shops, bars and restaurants.
Management plans for a community-based MPA (known locally as a Community Fisheries Organisation (CFi)) are currently under development by the Koh Sdach residents
with the assistance of the international marine conservation organisation Shallow Waters. While not a pre-requisite for the development of marine management plans, having
baseline data on the “pre-implementation” status of an area can facilitate the detection
of change and guide the evolution of the management plans, ensuring their long-term
applicability in a changing environment. The most recent marine assessment of the Koh
Sdach Archipelago was completed in 2003 (Chou et al., 2002, 2003). As a result of
the elapsed time since the last assessment of the archipelago, the present survey was
conducted to provide up-to-date knowledge on the health of the coral reef systems.

3.2.1

Aims and Objectives

• Aim Establish the current status of coral reefs in the Koh Sdach Archipelago
(a) Establish the location and extent of coral reefs in the Koh Sdach Archipelago.
(b) Determine the current status of the reefs using a set of predetermined reef
health indicators to assess fish, invertebrate and substrate communities.

This data will be used in collaboration with future monitoring programmes to inform
future management plans and decisions.

3.3

Methods

Baseline data were collected using underwater visual census techniques, utilising SelfContained Underwater Breathing Apparatus (SCUBA) and snorkelling. Preliminary
scoping surveys were conducted around the archipelago to determine the extent of the
coral reefs, and the archipelago was separated into seven survey zones. Zones were
designated around each island (or group of islands in the case of Koh Sdach and Koh
Ampul, which have two and three islands respectively). Thirty 100 m Reef Check surveys
were conducted across the archipelago (see Hodgson (1999), for detailed methodology),
with the 30 surveys distributed between the survey zones based on the geographical
size of the landmass, and the extensiveness of the reefs. The four largest zones were
allocated five surveys each, the sixth and seventh allocated four surveys, and the smallest
survey zone was allocated two surveys. Surveys were arranged in this way to allow the
development of a zonation-based management plan, with different levels of protection
for different areas in the archipelago. Sites adjacent to the mainland were not included
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due to a lack of developed reef system, and also because of construction work and
developments on the mainland, rendering the area unsafe for SCUBA diving.
Owing to the duration of a 100 m survey (approximately 90 minutes), each survey was
completed in two dives, with the first dive assessing the first 50 m and the second dive
assessing the second 50 m. Where possible, these surveys were completed consecutively,
but in some cases weather conditions did now allow this: in these instances, the second
dive was completed as soon as possible. Transect locations were determined using depth,
distance from starting marker and suitability of substrate for attaching a transect line.
Where possible, all surveys were conducted at a depth of 5 ± 1 m. In shallower reef
areas, transects were laid at the deepest, consistent depth. All transects began within 5
m of the starting marker buoy (position recorded using GPS), and were tied so as not
to damage any living reef fauna or flora.
Occurrence data were collected using a predetermined target list of species. In addition,
certain species of key economic or ecological importance were also categorised by size
(in 10 cm interval categories) to allow for more detailed investigation on the impacts of
fishing on their population dynamics. These species included: groupers (Epinephilinae),
parrotfish (Scarinae) and giant clams (Tridacna spp.) Substrate community composition
was assessed using primary and secondary data. Primary data included information
on the type of substrate in the following categories: hard corals, soft corals, other
living substrates, nutrient indicator algae, recently killed coral and non-living substrates.
Secondary data included species-specific data, using a predetermined list.
Adjustments were made to the basic Reef Check survey methodology to make it more
suitable for the area, and to meet the needs of the investigation. The Reef Check programme utilises a series of 100 m transects assessing fish, invertebrate and substrate
communities. The standard Reef Check methodology breaks down this transect into a
series of four 20 m segments, each separated by a 5 m section of un-surveyed reef, with
each 20 m section considered a replicate. However, owing to the risks of scientific inaccuracy related to pseudoreplication (Hurlbert, 1984), for the purpose of this investigation,
the results of each 20 m segment were combined into a single survey to give a total length
of 80 m. This allowed comparison of these data with similar projects in the Cambodian
coastal zone, while still maintaining scientific integrity. For this investigation, each 80
m survey was considered a replicate in each of the survey zones.
Fish and invertebrate populations were analysed using standard community descriptors:
species richness (S ), abundance (calculated using species counts) (Magurran, 2004) and
Simpson’s indicies for diversity (1-D) and equitability (1-E ) (Simpson, 1949).
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Results
Fish

The lowest Simpson’s Diversity score for fish was detected in Koh Andech (Table 3.1).
Owing to the relatively high number of fusiliers (Caesionidae), the Simpon’s Diveristy
(1-D) was re-calculated with the fusiliers excluded (1-D = 0.75).
Table 3.1: Mean fish community composition per hectare around islands in the
Koh Sdach Archipelago.
Simpson’s

Simpson’s

No.

No.

Diversity

Equitability

Species

Individuals

(1-D)

(1-E )

Koh Ampul

16.0

763

0.72

0.95

Koh Andech

18.5

3,765

0.43

0.97

Koh Chan

19.8

1,685

0.69

0.98

Koh Damloung

18.0

491

0.75

0.80

Koh Sdach

18.8

1,793

0.60

0.98

Koh Smach

21.6

1,045

0.73

0.99

Koh Totang

15.0

932

0.76

0.99

Island

The abundance of commercially important species was low across all sites. Counts for
snappers (Lutjanidae) were high in certain sites where large schools of individuals were
recorded, but these schools were primarily comprised of species of lower commercial
value. The more valuable red snappers (Lutjanus campechanus) was not sighted at all
during survey dives although a very low number of small individuals were spotted on
species inventory and training dives.
Fish populations were also categorised by trophic class (3.1), indicating a higher proportion of planktivorous fish compared with insectivores and piscavores. In addition,
size assessments of groupers indicated that the mean size class for groupers in the Koh
Sdach Archipelago was 11-20 cm. No groupers were detected over 40 cm. The chocolate
grouper (Cephalopholis boenak ) was the most abundant of all the target grouper species,
and was the only species found within all survey zones. Koh Totang was the only survey
zone where all species of groupers were detected. Size-frequency graphs were generated
for grouper populations in both Koh Sdach, and the nearby Koh Rong archipelagos
(utilising data from Savage et al. (2013), see Appendix 1) (Figure 3.2).
The mean size of parrotfish (Scaridae) detected across the archipelago was 11-20 cm.
Only one individual greater than 50 cm was recorded, by the island of Koh Smach,
which supported approximately three times the density of parrotfish of any other island,
again the most common size category was 11-20 cm. Similarly, size-frequency graphs
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Figure 3.1: Abundance per hectare of fish trophic groups found throughout the
Koh Sdach Archipelago
were generated for parrotfish populations in both Koh Sdach, and the nearby Koh Rong
archipelagos (utilising data from Savage et al. (2013), see Appendix 1) (Figure 3.3).

3.4.2

Invertebrates

Invertebrate diversity was lower than fish diversity in all sites except Koh Sdach, where
fish and invertebrate diversity were almost the same (Table 3.1 and Table 3.2). Koh
Totang supported the highest number of invertebrate species, while Koh Chan had the
highest mean number of invertebrates (Table 3.2). Long-spine sea urchins (Diadema sp.)
were the most abundant invertebrates, found across all survey zones, with the highest
numbers seen in Koh Chan and Koh Andech.
Coral-associated worms (boring polychaete worms) were found in all survey sites, with a
particularly high abundance around Koh Andech and Koh Chang. Only one cephalopod
was recorded during the surveys: a cuttlefish found by Koh Totang. Other cephalopod
sightings, including octopus and squid occurred on species inventory and training dives.
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Figure 3.2: Size frequency distribution graph for grouper populations, categorised by species, in both the Koh Sdach and the Koh Rong Archipelagos
(Koh Rong data obtained from Savage et al. (2013)). Data in blue is from the
Koh Sdach Archipelago, data in red is from the Koh Rong Archipelago. Error
bars show standard error.
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Figure 3.3: Size frequency distribution graph for parrotfish populations in both
the Koh Sdach and the Koh Rong Archipelagos (Koh Rong data obtained from
Savage et al. (2013)). Data in blue is from the Koh Sdach Archipelago, data in
red is from the Koh Rong Archipelago. Error bars show standard error.
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Table 3.2: Mean invertebrate community composition per hectare around islands in the Koh Sdach Archipelago.
Simpson’s

No.

No.

Diversity

Equitability

Species

Individuals

(1-D)

(1-E )

Koh Ampul

7.50

366

0.71

0.89

Koh Andech

7.75

1,417

0.64

0.95

Koh Chan

8.00

1,606

0.57

0.94

Koh Damloung

6.00

254

0.57

0.92

Koh Sdach

7.00

544

0.61

0.95

Koh Smach

8.00

504

0.62

0.96

Koh Totang

9.60

541

0.67

0.97

Island

3.4.3

Simpson’s

Substrates

Substrates detected across the archipelago included hard corals, non-living substrates
(including rock, sand, rubble and silt), and certain other living substrates (such as
anemones, coralline algae, corallimorphs, sponges, turf algae, tunicates and zooanthids)
(Table 3.4).
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  Killled	
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5%	
  
Nutrient	
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0.4%	
  

Abiotic	
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Other	
  Living	
  
Substrates	
  
12%	
  

Hard	
  Coral	
  
64%	
  

Soft	
  Coral	
  
0.9%	
  

Figure 3.4: Percentage cover of substrate categories detected in the Koh Sdach
Archipelago. Abiotic substrates refers to non-living substrates such as rock and
rubble.
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The percentage cover of hard corals varied across sites from 31% at one site by Koh
Sdach to 88% at one of the sites within the Koh Ampul survey zone. Massive colonies
of Porites lobata (where “massive” refers to the structure of the colony, and not its size)
were the most abundant hard corals detected: this was the only species found at every
survey site during the baseline investigation. The abundance of soft coral was low in all
sites, with no survey sites having above 4% cover. Mean coverage across the archipelago
was 0.85%.

Fungia	
  sp.	
  	
  	
  	
  1.9%	
  
Turbinaria	
  
messenterina	
  
2.3%	
  

Other	
  sp.	
  
	
  10.7%	
  
Porites	
  lobata	
  
20.8%	
  

Non	
  Target	
  sp.	
  
2.3%	
  
Favia	
  sp.	
  2.3%	
  
Goniopora/
Alveopora	
  sp.	
  
Diploastrea	
  
2.8%	
  
heliopora	
  2.8%	
  
Brain	
  sp.	
  3.5%	
  

Galaxea	
  sp.	
  
	
  3.9%	
  

Pavona	
  decussata	
  
9.9%	
  

Figure 3.5: Percentage cover of the 10 most abundant hard coral species in the
Koh Sdach Archipelago.
Coverage of nutrient indicator algae was low across all sites, as was recently killed coral.
Nutrient indicator algae were detected at four out of seven survey zones, with the highest
percentage cover not exceeding 2%. The highest and lowest levels of nutrient indicator
algae were by Koh Chan and Koh Totang respectively.
Percentage cover of non-living substrates was low across all survey zones, with the highest
percentage cover seen on Koh Totang, where the percentage predominantly comprised
recently killed corals and rock. Koh Totang had the highest level of recently killed corals,
while the lowest levels were found in Koh Ampul and Koh Smach.

3.5

Discussion

The results of the baseline analysis of the Koh Sdach archipelago highlight some interesting patterns and suggest that the area is in relatively good condition.
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Table 3.3: Mean hard coral community composition per hectare around islands
in the Koh Sdach Archipelago.
Simpson’s

Simpson’s

No.

No.

Diversity

Equitability

Species

Individuals

(1-D)

(1-E )

Koh Ampul

13.0

63

0.80

0.93

Koh Andech

16.5

77

0.74

0.98

Koh Chan

11.6

64

0.55

0.94

Koh Damloung

13.5

64

0.78

0.98

Koh Sdach

12.4

55

0.76

0.98

Koh Smach

15.2

71

0.85

0.60

Koh Totang

11.6

52

0.79

0.98

Island

Table 3.4: Mean percentage cover of three common reef health indicators from
the Koh Rong and Koh Sdach archipelagos. Data for the Koh Rong Archipelago
were taken from Savage et al. (2013).
Island

Koh Sdach Archipelago

Koh Rong Archipelago

63.70%

26.76%

Nutrient Indicator Algae

0.40%

15.13%

Recently Killed Coral

5.00%

5.73%

Live Coral Cover

3.5.1

Fish

The analysis of fish populations incurred issues with large numbers of fusiliers skewing
the results at certain sites. Because fusiliers are a schooling species, they were often
found in very large numbers, with mean sightings ranging between 10.75 individuals
on transects in Koh Ampul, to 1,122.75 in Koh Andech. Clearly, this demonstrates
that large variations in counts are possible, probably because fusilier schools can travel
relatively large distances. Therefore, discerning their true population density is very
difficult. However, the presence of these large schools of fusiliers is encouraging, as local
subsistence fishers often target these species (pers. obs.). Tropic group analysis was
conducted to determine the structure of fish populations in the Koh Sdach archipelago
(Figure 3.1).
Parrotfish and groupers are extremely important in coral reef ecosystems. These fish can
have a relatively long life-span, with some species living upwards of 40 years. However,
this means that many species exhibit late sexual maturity (5-10 years). This characteristic, along with a tendency towards aggregated spawning, makes groupers and parrotfish
extremely vulnerable to heavy fishing pressure (Sadovy de Mitcheson et al., 2013).
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As human populations increase, so does fishing effort and technologies to meet their
rising needs. Both parrotfish and groupers are also important species for the fishing
industry, and care needs to be taken to ensure that there is a healthy supply of such
reef fish for the future. With this understanding, our data indicate a disproportionately
greater abundance of smaller individuals (mean size 11-20 cm for both parrotfish and
groupers (see section 3.1), suggesting that the larger individuals have been lost, most
likely through fishing (Figures 3.2 and 3.3). While the abundance of these key species, is
higher than in the nearby Koh Rong Archipelago, the size of individuals is still a cause
for concern. This could result in a distinct lack of sexually mature individuals needed
for reproduction, increasing the risk of population collapse, and subsequent impacts on
the local fishing communities. Effective conservation is therefore required to ensure the
continuation of the fishery (Sadovy de Mitcheson et al., 2013).
Similar patterns were seen in the snapper populations, where certain species were recorded
as individuals and others were in schools. Considering data gathered during surveys,
and observations made on supplementary dives, it would appear that the more commercially popular snappers reside individually, while schooling snappers appeared to be less
sought after. This could be an important point for consideration in future work with
local fishers. Determining the commercial desirability of each species and its ecology
will help to inform management plans and monitoring techniques.
Trophic levels can be a useful indicator of coral reef health and can indicate changes
in ecosystem structure and function (Arias-González et al., 2004; Gascuel et al., 2005).
This study present a trophic level assessment of fish populations in the Koh Sdach
archipelago (Figure 3.1). This will provide a means of comparision for future studies
attempting to detect changes in tropic structure of coral reefs in Koh Sdach. Changes
in community size and trophic structure have been described as the primary causes of
shifts in ecosystem function (Allgeier et al., 2016). So future studies in the area may be
able to ultise trophic structure and analysis as an indicator for change (Arias-González
et al., 2004).
One major issue with the visual censuses of fish populations is that it is practically
impossible to conduct an accurate assessment, particularly when using inexperienced
volunteers (Foster-Smith and Evans, 2003). A single visual survey of the fishes at a
site seldom records every individual present: cryptic species are not seen and abundant
species are often inaccurately counted (Sale et al., 2006). However, bearing in mind
the usual financial and logistical constraints, a reasonable alternative has yet to be
developed. For the present study, all surveyors underwent in-water examinations with
experienced surveyors prior to conducting surveys.
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Invertebrates

Among the invertebrate populations, the most interesting results were seen in the coralassociated species i.e. feather duster worms (Sabellastarte sp.), christmas tree worms
Spriobranchus giganteus, long-spine sea urchins (Diadema sp.) and giant clams (Tridacna sp.). Invertebrate diversity was lower than fish and substrate diversity across all
sites (with the exception of Koh Andech, before the fusiliers recalculation). Populations
were typically dominated by echinoderms and worms - the most abundant being longspine sea urchins, feather duster worms and christmas tree worms - although as with
other groups, there was a wide amount of variation both across and within sites. This
suggests that a more in-depth assessment is required.
Reported increases in abundance of long-spine sea urchins in overfished reefs (McClanahan, 1994; McClanahan and Mutere, 1998; McClanahan and Obura, 1997a) are a cause
for concern. While their numbers in most survey zones were not very large, the populations of long-spine sea urchins need to be carefully monitored as an indicator of stress
and instability within the system.

3.5.3

Substrates

The high percentage cover of hard corals gives encouraging information about the health
and quality of the reefs surrounding the Koh Sdach Archipelago. The relatively high
diversity of hard corals (Figure 3.5), combined with the low percentage cover of nutrient
indicator algae, suggests the reefs are relatively healthy. Again, this is another factor
that requires careful future monitoring.
A universal symptom of coral reef degradation is mass coral mortality, followed by an
invasion of algae onto coral skeletons, known as a “phase shift” (Done, 1992). Phase
shifts generally require both over-harvesting of grazers and the input of excess nutrients
into a system (McCook, 1999). Once a phase shift has occurred, it becomes increasingly
difficult for the system to revert back to a coral-dominated state (McManus and Polsenberg, 2004). Areas experiencing a possible phase shift to an algal-dominated system
were detected in both Koh Damloung and Koh Totang, characterised by higher levels
of recently killed coral and nutrient indicator algae. This may be due to parrotfish and
other grazers being removed through fishing, coupled with the potential increase in nutrient input as a result of development in this area. Management plans should therefore
consider managing the risk factors associated with phase shifts and use monitoring as
an early detection mechanism.
There was a low abundance of soft corals across the archipelago. Observations throughout the Cambodian coastal zone suggest that soft corals are not a prevalent group (Van
Bochove et al., 2011; Savage et al., 2013). However, they are much more abundant on
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some of the offshore reefs in deeper and more open water (pers. obs.). This suggests
that there may be some underlying factor rendering the inshore reefs less hospitable for
soft corals, which requires more investigation.
Assessment of the non-living substrates found across the archipelago (Figures 3.5 and
3.4) suggests that the coral reefs in the area are relatively healthy, although impacted
by various fishing activities. The amount of rock available for colonisation by sedentary
species is encouraging, particularly when considering the low abundance of nutrient
indicator algae. Also encouraging is the low amount of recently killed coral across all
sites. Rubble indicates areas where reefs have been damaged, often as a result of fishingrelated activities (blast fishing or trawling) or of boat groundings or anchoring on reefs.
Rubble was relatively uncommon across all sites except Koh Damloung, where there was
evidence of human related destruction.
The data collected suggest the Koh Sdach Archipelago is in comparatively better condition than the nearby Koh Rong Archipelago. A recent assessment (Savage et al., 2013)
found that the Koh Rong Archipelago had lower levels of live coral cover and higher
levels of nutrient indicator algae (Table 3.4).
Interestingly, the levels of recently killed coral were similar for both archipelagos, which
may suggest that both sites are subject to similar levels of damage. However, without
more detailed data on the causes of such damage in both areas, it is not possible to
discern any further patterns.
Marine protection efforts are still limited, particularly in some developing areas of Southeast Asia. There is a distinct need for a better understanding of how to implement MPAs
of any kind, particularly in areas where their legal and governance issues will have impacts on human populations nearby. Within the Koh Sdach Archipelago, however, there
is evidence that an effective or partially effective traditional marine management system
is already in place (Glaser et al., 2010), where protection occurs as a result of traditions,
myths or taboos, often without the stated intention of protecting nature, but due to
the perceptions of local inhabitants. Koh Samit in the Koh Sdach Archipelago acts as
both a natural and traditional refuge because it is well known to the local people as
being “un-fishable” This is for two reasons: firstly, due to the extremely shallow reef
stretching across the channel between the main island of Koh Sdach and the smaller
islet of Koh Samit; secondly, Koh Samit (“Ghost Island”) is haunted according to local beliefs. Local fishermen are typically too afraid to fish here. This appears to have
had a positive impact on the fish populations, but further investigation is required to
determine the effects of these beliefs on reef health. Not only does this highlight Koh
Samit as a potentially suitable area for a formalised no-take zone, but demonstrates
the importance of integrating local knowledge into the design of marine management
strategies. Such cultural beliefs need to be fully understood to judge their potential to
contribute to formal marine protected areas (Suriamihardja, 2007).
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The data collected in this investigation suggest that the coral reefs around the Koh
Sdach Archipelago could benefit greatly from conservation efforts. However, rather than
recovery, the focus of management should be on maintaining the system in its current
state, while still allowing access to the area by local users. Further socio-economic
investigations are necessary, in addition to collaborative reserve design techniques, to
incorporate the needs of local resource users while remaining adaptable to future change.
Understanding the current status of an environment prior to the development and establishment of management systems has two benefits. Firstly, it provides information on
habitat extent, the species present within a system and their relative abundance. This
in turn can assist with the development of site-specific management plans. Secondly,
it can provide a baseline, from which to measure future change. However, within the
environment, there are natural cycles of development, change and recovery. Understanding how coral reef environments change without management and protection, could give
additional scope to understanding the impact of marine management systems on coral
reefs.t

Chapter 4

Coral reef health in an
unprotected Cambodian
archipelago
4.1

Abstract

The ecological value of coral reefs has led to the development of an array of protection
and mitigation techniques. Improvements in reef health following protection are typically attributed to the efficacy of management. This study conducted health assessments
of an unprotected coral reef 12 years apart to assess natural changes in coral reefs. The
results indicated a significant change in the marine communities between two assessments conducted in 2001 and 2013. Further analysis indicated an overall increase in the
percentage cover of living corals and a reduction in the percentage cover of recently killed
coral and nutrient indicator algae, suggesting an increase in reef health. However, an
associated increase in the abundance of the long-spine sea urchin suggests that recovery
of fish populations may be inhibited. Overall, this study highlights that reef recovery
is not always directly linked to the implementation of marine management efforts and
that it is important to understand background changes in marine communities before
attributing success to protection actions.

4.2

Introduction

Coral reefs are among the world’s failing ecosystems and one of the most persuasive
examples of the effects of global environmental damage (Downs et al., 2005). They
are one of the most ecologically valuable ecosystems with regards to cultural and economic capital (Wilkinson, 2008). The major stressors attributed to coral-reef decline are
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coastal urbanization, industrial development, agricultural activity, sedimentation, overharvesting, marine pollution, disease and climate change (Risk, 1999; Bellwood et al.,
2004).
Attempts have been made to assess, mitigate and reverse declines in reef health associated with these impacts through the establishment of global monitoring networks,
marine protected areas (MPAs) and the implementation of management and conservation programmes on a variety of spatial scales (Downs et al., 2005). The term “marine
protected area” (MPA) should be used as a single umbrella term that can apply to
the wide range of different marine protection strategies (Agardy et al., 2003). Marine
protected areas are now widely accepted as the leading tool for coral reef conservation
(McClanahan et al., 2006). However, the efficacy of MPAs is dependent on scientifically
sound design and appropriate implementation (Allison et al., 1998).
The primary goal of ecosystem-based approaches such as MPAs is to manage the marine
environment to achieve sustainable use of its goods and services. Policy decisions and
associated management implementation typically occur on very short time-scales, based
on the results of short-term studies (Hawkins et al., 2013). Climate-driven change in
marine ecosystems typically occurs over a range of frequencies from annual to century
long time-scales (Firth and Hawkins, 2011) but long-term monitoring studies in the
marine environment are rare (Hawkins et al., 2013). Incorporating data from past studies
(where applicable) can highlight the natural cycle of environmental systems and indicate
where past trends can educate scientists, policy makers and managers about potential
future effects.
A majority of studies assessing the efficacy of marine protected areas focus on before/after management implementation studies or, alternatively, comparing protected
areas with similar unprotected areas. However, to our knowledge, no studies have assessed the changes over time in a coral reef ecosystem that has not been protected.
This could be as a result of the economic constraints associated with monitoring programmes and limited financial resources available for multiple studies, or that efforts
are typically focused on sites where management plans are intended or in place. This
suggests that changes seen in ecosystems are generally assumed to be as a result of
management intervention, whereas changes could also be part of the natural change in
the ecosystem. Understanding this potential natural cycle, prior to the implementation
of management, could assist in the development of more adaptive management plans,
with more appropriate long-term objectives.
Based on a case study of a small archipelago in South East Asia, which is an area of
global importance for coral reefs, this paper assesses the change in fish and invertebrate
communities in a coral reef, in addition to the composition of living and non-living
substrates over 12 years with no environmental protection. More formally, this study
has the following aim and objectives:
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• Aim To assess changes in reef communities between 2001 and 2013 in the absence
of environmental protection.
(a) Compare coral reef communities of fish, invertebrates and substrates between
2001 and 2013.
(b) Make additional comparisons on an island-by-island basis to provide additional information for the development of zonation-based management plans.

4.3
4.3.1

Methods
Study Site

Cambodia’s coastline extends 435 km between the borders of Thailand and Vietnam,
with 69 islands and territorial waters covering 55,600 km2 (Nelson and Carson, 1999;
Savage et al., 2013, 2014). Cambodia is a post-conflict country, where many of the
foundations for growth and development (physical, social, human and economic) have
been affected. While Cambodia has made remarkable progress in recovery, environmental degradation and the unsustainable exploitation of natural resources are of serious
concern (UNDP, 2001) and the Cambodian government is pursuing options for achieving a sustainable balance between development and conservation (Rectangular Strategy,
2013).
The Koh Sdach Archipelago (Figure 4.1) is located approximately 60 km south east of
the Cambodian border with Thailand in the Kiri Sakor district of Koh Kong Province
(10o 550 N, 103o 50 E) (Savage et al., 2014). There are seven islands in the Archipelago:
Koh Ampul, Koh Andech, Koh Chan, Koh Damloung, Koh Sdach, Koh Smach and
Koh Totang. Koh Ampul and Koh Sdach are made up of three and two small islets,
respectively, but are combined due to their close proximity and because they are often
connected at low tides. Only four of the islands are inhabited, with the majority of the
population living on Koh Sdach and a small number of households (approximately five)
living on Koh Ampul, Koh Smach and Koh Totang and a majority of the population
depend on fishing for their income, either directly as fishermen or indirectly (Savage
et al., 2014).
The Archipelago has been proposed for designation as Cambodia’s second largest MPA.
Zonation based management plans are currently under development between the local government, international Non-governmental Organisations (NGOs) and the local
communities.
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Figure 4.1: Map of the Koh Sdach Archipelago, and location relative to Cambodia with matched survey sites indicated.

4.3.2

Assessments

This investigation involved comparing two data sets collected by two different organisations over a 12-year period, the first between 2001 and 2001 and the second between
2012 and 2013. The National University of Singapore (NUS) conducted the first of
these assessments between December 2001 and January 2002 with the aim of assessing
the marine biodiversity of the coral reefs of Koh Kong province (Chou et al., 2002).
This assessment was instigated by the provincial government as a means of assessing
the area’s suitability for development in coastal and marine eco-tourism (Chou et al.,
2002). Following this investigation, a report was produced suggesting that the Koh
Sdach Archipelago had good potential for tourism development. However, the results
indicated limited potential for the islands to be developed as a diving destination, concluding that reefs were shallow and not diverse enough in terms of large reef fauna to
be of interest to the SCUBA diving community (Chou et al., 2002).
The second assessment was a current status assessment conducted by Shallow Waters, an
international marine conservation organisation, between December 2012 and February
2013. This aimed to provide a baseline from which to monitor change and to facilitate
the development of site-specific marine management plans (Rectangular Strategy, 2013)
in 2013.
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Table 4.1: Methods used in the 2001 and 2013 assessment (GCRMN = Global
Coral Reef Monitoring Network). For detailed methodological information see
Hodgson (1999); Wilkinson (1998) and Chapter 2.

2001
2013

4.3.3

Fish

Invertebrates

Substrates

20 x 5 m Belt Transect

20 x 5 m Belt Transect

20 m Line Intercept Transect

Reef Check

Reef Check

GCRMN

20 x 5 m Belt Transect

20 x 5 m Belt Transect

20 m Line Point Transect

Reef Check

Reef Check

Reef Check

Methodology

During both assessments, data were collected using underwater visual census techniques
conducted by four man survey teams using SCUBA and snorkelling equipment. Owing to
the different organisations conducting each assessment, different monitoring programmes
were used to collect data (Table 4.1).
The most noticeable difference in the methodologies is the use of line intercept and line
point transects. In 2001, divers surveyed a 20 m transect line and recorded the start and
end point of each individual substrate type. The resulting data set provided continuous
knowledge of the substrate type along the entire 20 m transect (i.e. not at restricted
intervals) (Figure 4.2 a ). In 2013, divers surveyed the transect recorded individual data
points per transect (Figue 4.2 b). Owing to the continuous nature of the 2001 data,
the substrate type was known across the entire length of the transect. It was therefore
possible to extract discrete data points at 50 cm intervals in order to produce a dataset
which is directly comparable with the 2012 data (Figure 4.2 c).
The living and non-living substrate indicator groups used in this comparative assessment
were selected based on their use in both the 2001 and 2013 assessments. The indicators
(Table 4.2) were classified by taxa, providing eight fish groups and seven invertebrate
groups counted and analysed by abundance. Substrate indicators include both living
and non-living groups, calculated and analysed as percentage cover. Substrates were
organised in broad categories, with specific indicators identified where appropriate.
Sites from the two analyses were matched based on location within each island (within
250 m), identified using GPS data from with 2001 assessment. This gave a total of eight
matched sites, with four replicates for each (Figure 4.1).

4.3.4

Data Analysis

Using the indicator groups incorporated in each assessment, data were extracted to form
a comparative data set for each time period consisting of fish, invertebrate and substrate
data. Prior to analysis, data underwent a square root transformation (Bray and Curtis,
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Figure 4.2: Visual representation of method used to extract line point data from
2001 line intercept data in order to produce comparable datasets.
1957) to reduce the importance of more abundant indicators and emphasise rare groups.
Fish, invertebrate and substrate data from each assessment period were initially analysed using a permutational multivariate analysis of variance (PERMANOVA) with 999
permutations, to analyse the variation in biotic community composition between 2001
and 2013 based on all biological groups together.
Additional analyses were conducted on living and non-living groups from both assessments using the Bray-Curtis index of similarity (Bray and Curtis, 1957). This measure
was used to create a rank similarity matrix to construct a Multidimensional Scaling
(MDS) plot to look at overall trends in community similarity/distance between each
island in 2001 and 2013. The results of the Bray-Curtis similarity index were also used
to conduct a SIMPER analysis (Clarke, 1993) to assess the percentage contribution of
individual biotic groups to the dissimilarity observed in the PERMANOVA analysis.
Numbers of occurrences of each coral growth from were analysed using the Simpson’s
diversity index due to its sensitivity towards rare species (Loya, 1972).
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Table 4.2: Indicator groups used in 2001 and 2013 assessments.
Fish

Invertebrates

Substrates
Indicators

Hard Coral

Massive coral colonies

Barramundi Cod

Banded
Shrimp

Butterflyfish

Giant Clam

Sub-massive
colonies

Giant Triton

Foliose coral colonies

Grouper (over 30
cm)

Lobster

Encrusting
colonies

coral

Humphead
Wrasse

Long-spine
urchin

Branching
colonies

coral

Mushroom
colonies

coral

Bumphead
rotfish

Parrotfish
20 cm)

Par-

(over

Snapper

Coral

Category

sea

Pencil Urchin
Edible Sea Cucumber

Other Living Substrates

Sweetlips

coral

Corralline Algae
Turf Algae
Sponge
Zoanthid

Soft Corals

Soft Corals

Nutrient Indicator Algae

Nutrient Indicator Algae

Recently
Coral

Recently Killed Coral

Non-living
strates

Killed
Sub-

Rock
Rubble
Sand
Silt

4.4

Results

Results from the PERMANOVA analysis showed a significant difference in marine indicators between the two assessments (2001 and 2013) (pseudo F = 23.56, P(perm) = 0.001).
The MDS plot (Figure 4.3) indicates a greater degree of clustering across sites in 2013
relative to 2001, in terms of community composition (including all living and non-living
indicator groups). However, the MDS analysis needs to be interpreted carefully due to
the non-optimal stress value.
SIMPER analysis assessing the percentage contribution of each indicator group to the
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Figure 4.3: A two-dimensional Multidimensional Scaling (MDS) representation
of marine communities in the Koh Sdach Archipelago calculated using BrayCurtis Index of Similarity (Bray and Curtis, 1957)
overall change recorded in communities between 2001 and 2013 can be seen in Table
4.3. This indicates that the variables making the largest contribution to the change in
community structure are an increase in the abundance of the long-spine sea urchin, a
reduction in the percentage cover of recently killed coral and an increase in the percentage
cover of hard corals in the Archipelago.
There is a change in substrate communities across each island (Figure 4.3). This demonstrates an overall increase in the percentage cover of hard corals in a majority of survey
sites with the exception of Koh Samit, Koh Sdach and Koh Totang. Koh Totang was
the only site to demonstrate a noticeable decline in the percentage cover of hard coral,
coupled with a reduction in both recently killed coral and nutrient indicator algae.
The data (Tables 4.5 and 4.4) show an increase in the abundance of hard corals between
2001 and 2013, in addition to an increase in diversity of coral growth forms. This shows
that the most abundant growth forms in both assessments were massive coral colonies
(where massive refers to the structure of the colony and not the size). However, there
is also evidence of an increase in the diversity and percentage cover of different growth
forms (Table 4.5 and Table 4.4) in 2013, particularly encrusting, foliose and sub-massive
colonies.
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Table 4.3: Variables identified in SIMPER analysis as being the main causes
of change between 2001 and 2013 up to a threshold of 90%. SIMPER analysis
recorded dissimilarity of 56.14%. All data were square root transformed.
Species/Group

Mean Abundance

Mean

Percentage
Similarity

Simi-

St.

Contribu-

larity

Dev.

tion

Cumulative
Percentage

2001

2013

Long-Spine Sea Urchin

2.19

3.94

6.85

1.39

11.05

11.05

Recently Killed Coral

3.14

1.03

5.45

1.40

8.79

19.84

Massive Coral Colonies

1.89

3.67

4.75

1.29

7.66

27.51

Other Living Substrates

1.54

1.83

3.41

1.33

5.50

33.00

Foliose Coral Colonies

1.53

1.96

3.38

1.37

5.46

38.46

Butterfly fish

0.33

1.71

3.30

1.51

5.32

43.78

Rock

0.88

1.54

3.08

1.27

4.97

48.75

0.28

1.50

3.05

1.40

4.92

53.67

Snapper

0.27

1.51

2.95

0.59

4.76

58.43

Parrotfish

1.38

1.05

2.73

1.14

4.40

62.83

Turf Algae

0.52

1.13

2.54

1.17

4.10

66.93

Sand

0.88

0.88

2.49

1.03

4.02

70.95

Coral

0.35

1.14

2.25

1.06

3.64

74.59

Nutrient Indicator Al-

0.96

0.16

2.03

1.08

3.27

77.86

Giant Clams

0.83

0.67

1.90

1.05

3.07

80.93

Coralline Algae

0.76

0.09

1.65

0.48

2.66

83.59

Rubble

0.45

0.25

1.29

0.66

2.09

85.67

Sponge

0.13

0.62

1.28

0.99

2.07

87.74

Silt

0.16

0.36

0.99

0.57

1.60

89.34

Edible Sea Cucumber

0.46

0.03

0.98

0.38

1.58

90.93

Encrusting

Coral

Colonies

Sub-massive
Colonies

gae
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Figure 4.4: Breakdown of percentage cover of different substrate indicator categories across each island in 2001 and 2013. Categories calculated as the sum
of all indicators listed in Table 2. Error bars indicate standard error.
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Figure 4.5: Percentage cover of different coral growth forms per island in the
Koh Sdach Archipelago, in 2001 and 2013. Error bars indicate standard error.
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Island

No. Growth Forms

No. Occurences

Simpsons Diversity (1 - D)

2001

2013

2001

2013

2001

2013

Koh Andech

5

5

54

122

0.552

0.449

Koh Ampul Touche

2

5

17

109

0.056

0.663

Koh Ampul Thom

1

5

1

140

0.000

0.613

Koh Chan

4

4

42

104

0.362

0.604

Koh Damloung

3

4

17

110

0,428

0.617

Koh Samit

2

4

120

123

0.482

0.428

Koh Sdach

4

4

70

95

0.389

0.385

Koh Totang

4

4

61

29

0.330

0.510

Table 4.4: Simpsons Diversity Index calculations for Hard Coral Growth Forms
in the Koh Sdach Archipelago in 2001 and 2013
There were no significant differences in the detection of fish species of economic importance. The only fish species with a significant difference between years was the increase
in butterfly fish between 2001 and 2013. However, both barramundi cod and humphead
wrasse were detected in 2001 but were not detected in 2013.
Koh Samit (known locally was Ghost Island) appears to be the only site in the analysis
that did not undergo a noticeable change in the abundance of hard coral between 2001
and 2013. Koh Totang was also the only site to demonstrate a decrease in the percentage
cover of hard coral.

4.5

Discussion

Analysis suggests some changes in the marine communities between the two assessments,
indicating an overall improvement in the health of the coral reef ecosystem. The increase
in the percentage cover of hard corals, combined with the reduction in nutrient indicator
algae and recently killed coral, suggests that the reefs are in better condition in 2013
that 2001. The changes in percentage cover and increases in diversity of different growth
forms detected in this assessment suggest that the environmental quality of the area has
increased in such a way that it is now suitable for colonisation by different growth forms
and therefore different species (Loya, 1972).
The amount of recently killed coral in 2001 would have suggested that the archipelago
was a “hot-spot” for coral damage, with the threshold marked at 4% cover (Jameson
et al., 1999). In 2001, general abundance was likely to be a consequence of widespread
local impact (Lasagna et al., 2014), most likely as a result of the 1998 El Niño event.
Mean percentage cover dropped from 13.4% to 1.8%, supporting the argument that the
health of the Archipelago has improved. However, the Koh Sdach Archipelago would
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benefit from a more comprehensive assessment of the coral damage in the area, using
techniques such as the Coral Condition Index (Lasagna et al., 2014).
The abundance of long-spine sea urchins almost doubled between the study periods and
was the main contributor to the changes seen in the archipelago between 2001 and 2013.
While this change in abundance is not as large as some of the other variables used in
this analysis, its importance comes from its widespread increase across all islands in the
archipelago. Previous research suggests that high abundance of long-spine sea urchins
can inhibit the recovery of fish populations (McClanahan, 1997), both with regard to
the abundance and number of species. While the results of this study show an increase
in the abundance of certain species (i.e. butterfly fish and snapper), there is also an
apparent loss of other key fish species.
Bumphead parrotfish, humphead wrasse and barramundi cod are all valuable species
in the seafood trade. These species were detected in small numbers during the 2001
assessment (Chou et al., 2002) but were not detected at all in 2013 (Savage et al., 2014).
This could be as a result of the continued fishing pressure within the archipelago and
technological advances in fishing techniques over the decade between assessments. This
decline in large reef fauna could be having a strong impact on patterns of trophic flow
(Duffy, 2003; Byrnes et al., 2007; Sandin et al., 2008).
Overall, there was evidence of a clear improvement in the health of the ecosystem.
Many coral reefs in the tropics, including Cambodia, were affected by unprecedented
rises in sea surface temperature during 1998 as a result of a severe El Niño Southern
Oscillation leading to a mass bleaching event and high coral mortality (approximately
90%) (Russ and Alcala, 2004; Van Bochove et al., 2011). The peak warming months
of the El Niño were between April and July of 1998, and during May of 1998, the
Cambodian coastal zone was considered under high threat for coral bleaching (Figure
4.6). While these maps are low-resolution, they show the global impact of increased
sea surface temperature. Similarly, literature suggests that the Cambodian coastal zone
was subject to a significant increase in annual maximum sea surface temperature (at 5%
level) (Eakin et al., 2009).
Therefore it is reasonable to assume that the poor condition of the Koh Sdach archipelago
recorded in 2001 was as a result of high coral mortality associated with mass coral
bleaching and that the improved condition recoded in the 2013 investigation is evidence
of the coral reef ecosystems natural recovery from disturbance.
Since the effects of the 1998 El Niño were seen globally, there is a chance that similar
patterns of recovery are occurring worldwide, making it very difficult to establish whether
coral reef health improvements are as a result of marine management or natural processes
of recovery. In this instance, there has been no management or control over fishing.
Should effective management be implemented, it is reasonable to assume that recovery
will take upwards of 15 years (Russ and Alcala, 2004).
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April 1998

May 1998

June 1998

July 1998

Figure 4.6: Global Sea Surface Temperature data presented by NOAA as areas ’at risk’ of coral bleaching between April and July 1998, the peak warming
months of the 1997-98 El Niño. Area indicated by black square shows Cambodia (Images adapted from: www.coralreefwatch.noaa.gov)(Eakin et al., 2009;
NOAA Coral Reef Watch, 2013).
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Koh Samit (Ghost Island) is traditionally considered home to the ancestral spirits of the
local community, hence its name. As a result of this, local fishermen do not fish here
out of respect and fear. There is evidence that non-native fishermen may use the area
but this is currently undocumented. The protection afforded to Ghost Island by this
local respect has in essence acted somewhat informally as a marine protection system.
The duration of this protection is unknown but can be estimated as beginning at the
start of the Khmer Rouge occupation in 1975, when the coastal zone and islands were
evacuated; however, it is likely that the protection has been in place longer. Considering
that this area has been under a level of protection for an unknown but probably extended
period, it is much easier to understand how the percentage cover of live hard coral was
so much higher in Ghost Island than the rest of the archipelago in 2001. Additionally,
the absence of further improvement in the 2013 assessment could potentially suggest
that this informal protection had increases the resilience of the area.
Contrastingly, there was a noticeable decline in the percentage cover of hard corals in
Koh Totang. In 2005, a small eco-tourism resort was opened on Koh Totang, on the
beach adjacent to the site used in this analysis. The potential risks that the development
of tourism resorts pose, either through increased pollution or direct damage to the reef,
mean that further investigations are necessary in order to discern any impacts, using
the 2001 data as a pre-development baseline.
The inclusion of two different substrate survey techniques in this analysis facilitated a
comparative study, which otherwise would not have been possible. Despite the extraction
of individual data points from the LIT data to produce a comparable dataset, it is
important to consider the inherent biases in each technique to ensure that their results
are truly comparable. In various studies, both LIT and LPT have been recommended
(Leujak and Ormond, 2007; Nadon and Stirling, 2006; Lam et al., 2006). However,
previous studies comparing both techniques suggest a tendency to over- or underestimate
the percentage cover of major substrate categories (Leujak and Ormond, 2007).
For the purposes of this study, the main focus is whether the results of a substrate analysis conducted using LIT can be compared with a study using LPT. The methodological
comparison conducted by Leujak and Ormond (2007) suggests that LIT and LPT make
similar assessments of substrates (<2% variation in percentage cover estimates for all
major substrate categories used in this comparative assessment). This suggests that the
two techniques used in this study would have made similar assessments of the underlying substrate in the archipelago. The findings of this study and new means of analysis
encourages the use of different techniques and methods, as well as the utilisation of
previous data where available (Hawkins et al., 2013).
While this study shows that coral reef health was improved, it also shows that this
improvement is not associated with effective marine management. There is now the need
for more detailed analysis, firstly to assess the impacts of protection on resilience and
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whether management can lead to an element of protection in case of future disturbance,
as seen in the results from Ghost Island. Secondly, to assess the socio-economic impacts
of reserve efficacy. Namely, in the light of these findings, is no marine protection better
than ineffective marine protection?
The opportunity offered by this assessment, to incorporate data from two independent
assessments approximately a decade apart, provides additional information that will
benefit the development of long-term adaptive management plans. Conversely, the results of this study seem to suggest that reef health can be improved, and recovery from
disturbance can occur in the absence of management.
The findings of this comparison of reef health in an unprotected area suggested two
key points of interest. Firstly, that areas such as Ghost Island, which have in effect
been protected for cultural reasons, appear to have recovered from disturbance faster
than other areas. Secondly, that there is a risk of tourism causing damage to coral
reef systems. Each suggest that there could be benefits from implementing a marine
management programme in the area but, in order to determine its potential success, it
is important to consider the potential impacts of such systems, appropriate governance
and the perceptions of local community members.

Chapter 5

Assessing community perceptions
of marine management strategies
in Cambodia
5.1

Abstract

To meet current international obligations for the protection of marine environments,
the Royal Government of Cambodia is in the process of implementing a series of centralised and decentralised marine management programmes. There have been extensive
critiques of both of these types of management structure, regarding whether they produce benefits for the environment or local resource-dependent communities. This study
involved conducting social studies in three villages in coastal Cambodia. Each village
was subject to different management programmes at different stages of implementation.
Semi-structured interviews were used to collect qualitative data on three key themes
(perceptions of governance, perceived threats and perceptions of change).
The main threats to the area were illegal fishing and associated corruption. There
were also issues raised regarding litter in the water. Additionally, evidence suggests
that decentralised community-based management can improve fish stocks and associated
community livelihoods. However, the governance of management systems varied, and
there was evidence of mistrust in the national government regarding the implementation
of marine management programmes, particularly regarding transparency and inclusivity.
Overall, this chapter highlights some of the benefits and threats of both centralised
and decentralised management programmes, and makes recommendations to the Royal
Government of Cambodia to increase the efficacy of future programmes.
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Introduction

Globally, inshore marine resources are increasingly being managed through collaborative
arrangements between communities, governments, civil society and other groups (Wamukota et al., 2012). Decentralisation provides a means of transferring decision-making
processes from central to local governments and enhancing the role of local communities
in managing coastal zones (Siry, 2006). This transition towards decentralised management of natural resources represents a changing governance landscape (Cinner et al.,
2012). It is considered a good strategy against resource depletion (Satria and Matsuda, 2004), and increasing numbers of decentralised management systems are being
implemented (Siry, 2006). However, there are extensive critiques of such governance
institutions, which question whether decentralised management arrangements have resulted in better outcomes for either ecosystems or local dependent communities (Béné
et al., 2009; Pulhin and Dressler, 2009; Dressler et al., 2010).
Owing to the prevalence of international targets for implementation of protected areas
(see Chapter 1 for details), governments worldwide are under pressure to increase the
quantity and size of protected areas. From a marine perspective, the 193 parties to the
Convention on Biological Diversity aim to protect and effectively manage 10% of the
seas in Marine Protected Areas (MPAs) by 2020 (Toropova et al., 2010). However, past
research suggests that social factors, not biological or physical variables, are primarily
determining MPA success or failure (McClanahan, 1999). Successful implementation of
marine reserves therefore requires strong support from local communities. Effective conservation planning must include both social and ecological considerations. Despite the
best information and techniques available, and the investment of considerable money,
time, and effort, many conservation initiatives remain ineffective (Ban et al., 2013).
In part this is due to the complexities surrounding the social and political aspects of
the implementation of management strategies (Sayer et al., 2008). Such strategies are
also negatively impacted by differences in power between those who make management
decisions and those affected by their outcomes (Knight et al., 2008; Ban et al., 2013).
Research efforts in numerous disciplines have found that some government policies accelerate resource destruction, while there are examples where local dependent resource
users have invested time and energy, and can achieve sustainability successfully (Ostrom,
2009).
The coastal waters of Southeast Asia are among the most productive and biologically
diverse in the world (Pomeroy et al., 2007). Countries within the Gulf of Thailand
(Malaysia, Thailand, Cambodia and Vietnam) experience high levels of resource exploitation, exacerbated by increasing demand for the resources of marine fisheries (Nasuchon and Charles, 2010). In an attempt to manage these threats, the Royal Government of Cambodia has been working to increase the number of marine management
programmes within the Cambodian coastal zone. To date, these management areas have
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included community-based resource management systems, known locally as community
fishery organisations (CFis), a system adapted from the inland freshwater fisheries surrounding the Mekong River and Tonlé Sap. Additionally, there is one small marine
no-take zone, privately owned and managed by the Song Saa resort and associated Song
Saa Foundation (see Appendix 1).
In an attempt to meet the international conservation targets discussed previously, the
Royal Government of Cambodia is currently working with local stakeholders and NonGovernmental Organisations (NGOs) to establish a centralised, multiple-use MPA, known
locally as a Marine Fisheries Management Area (MFMA), around the Koh Rong Archipelago (Boon et al., 2014). This management programme is being implemented with
support from Fauna and Flora International (FFI). The MFMA will incorporate three
existing CFis and use zonation-based management; it aims to conserve marine biodiversity, support sustainable fishing and tourism and assist with poverty alleviation (Boon
et al., 2014). Presently, there is very little understanding about the socio-economic
impacts of the current marine management systems used within the coastal zone and
subsequently little is known about the potential impacts of intended marine resource
management programmes.

5.2.1

Aims and Objectives

The social impacts of marine management can be diverse and complex in their nature and
are most likely to be felt locally by individuals, families or groups rather than regional
or national levels (Voyer et al., 2012). This study assessed the community perceptions
of marine management strategies and the governance institutions and arrangements of
the different management strategies. It considered the development of both centralised
and decentralised marine management programmes in Cambodia, the current targets
set and the importance of community acceptance and recognition of the importance
of good governance, with a view to informing future marine management strategies in
Cambodia. More formally the following aim and objectives were assessed:

• Aim To assess the perceptions of local communities towards marine management
strategies in three villages in coastal Cambodia.
(a) Determine differences in community perceptions of governance in centralised
and decentralised management programmes
(b) Establish the threats to management and the environment as perceived by
the local community
(c) Assess perceptions of change over time related to the environment and aspects
of environmental health and community wellbeing
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5.3

Methods

This study involved conducting comparative socio-economic assessments of different
coral reef and fisheries management strategies in three coastal villages in Cambodia.
Each village demonstrated a different institutional arrangement for the governance of
their respective marine environments (Table 5.1).
In the first village, Trapaeng Sangke, the community established a CFi in 2009, providing
an example of a longer-term decentralised institutional arrangement. The second village,
Koh Sdach, is in the process of establishing a CFi providing an example of short-term
decentralised community-based marine management. The third village, Prek Svay (in
the Koh Rong Archipelago), is an example of decentralised community-based management, which is being combined with centralised institutions to develop a co-management
framework implemented by the Royal Government of Cambodia.
Table 5.1: Descriptions of marine management in each study village. Population
data were obtained from village census’ for 2013, and number of members refers
to the total number of individuals reported by the CFi committees in each
village.
Study Sites

Trapaeng Sangke

Prek Svay

Koh Sdach

Management System

CFi

CFi and MFMA

CFi

Implemented

2009

• CFi, 2008

• CFi, 2014
• MFMA,
Proposed

Yes

• MFMA,
Pending
• CFi, Yes

Enforced

• MFMA,
Pending
Government

No

Initiated by

Community

Number of Members

2,027

Funding sources

Action Aid

Fishing type

Subsistence

Subsistence

Commercial and
subsistence

Population

≈ 9,000

≈ 1,500

≈ 4,000

5.3.1

• CFi, 337
• MFMA,
Pending
Song Saa, FFI,
Darwin Initiative

Community
401

None Identified

Framework of Analysis

Owing to the different stages of implementation of each of the management strategies
discussed in this study, it was necessary to combine existing frameworks, techniques and
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The  Rectangular  Strategy
Rectangular  S trategy  (2013)

Good  
Governance
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Fisheries  
Reform

Governance  Principles  for  
Natural  Resource  
Management

Potential  Socio-Economic  
Impacts  of  MPAs  on  Local  
Communities

Lockwood  e t  a l.  (2010)

Perceptions  of  
Governance  at  each  level
Capability
Transparency
Accountability
Inclusivity
Compliance  

Improving  
Health  
Services

Perceived  
Threats

Environmental
Political
Socio-Economic

Bennett  &   Dearden  (2014)

Perceptions  of  
Change
Environment
Income
Education
Healthcare
Community-wellbeing

Figure 5.1: Framework of analysis used in this study, full expansion of the 2013
Rectangular strategy is provided in Chapter 2.
literature, to develop a new framework capable of facilitating comparisons between each
management system and the different levels and institutions involved. The Rectangular
Strategy and associated framework proposed by the Royal Government of Cambodia
provides an outline for national reform including the conservation of key terrestrial,
freshwater and marine habitats (Rectangular Strategy, 2013) and as such, provides an
initial frame of reference for this study. Using the Rectangular Strategy framework in this
context facilitates the direct assessment of whether the marine conservation strategies
established in the Cambodian coastal zone are meeting their overarching targets and are
aligning with The Royal Government of Cambodias systems and procedures for national
reform.
At the core of The Rectangular Strategy framework is “good governance” (see description
of The Rectangular Strategy in Chapter 2), and it includes numerous variables, which
are applicable to the context of this study (including “fighting corruption”). These
include fisheries reform, managing water resources, enhancing the quality of education
and improving health services. In order to strengthen this analysis, additional areas of
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analysis from the socio-economic literature were considered. These include the principles
of “good governance” described by Lockwood et al. (2010) which were used to assess
community perceptions of “good governance” in each study site; and the potential socioeconomic impacts of marine protected areas compiled by Bennett and Dearden (2014).
This led to the identification of the following themes of analysis: perceptions of change,
perceived threats, and perceptions of “good governance” (see figure 5.1).

5.3.2

Data Collection and Analysis

Semi-structured interviews (Clifton, 2003) were conducted in each of the three coastal
communities. Questions were related to the themes identified (Figure 5.1), adapted and
targeted to local requirements. Example questions are provided in Appendix 5. Participants were approached opportunistically (Hamilton, 2012); however, effort was made
to ensure a geographic spread throughout the village, and interviews were conducted
at different times of day on each site visit to allow the inclusion of those who fish or
work at certain times. As far as possible, efforts were made to ensure that all demographic groups were interviewed, covering ranges of age, gender, ethnicity, occupation,
CFi membership status, dependence on fishing and economic status.
A total of 45 interviews were conducted, 20 each in Koh Sdach and Prek Svay, and five
conducted in Trapaeng Sangke, including 13 females and 32 males with a mean age of 45.
Data were collected using trained research assistants translating interviews as they were
conducted in both Cambodian and Thai (see appendix 4 for participant information).
Field notes were taken, transcribed and analysed (Bennett and Dearden, 2014). A
thematic analysis was undertaken, following the themes identified in the framework,
and triangulated between comments made by different respondents (Ormsby and Kaplin,
2005). Owing to the small sample size, it was not possible to conduct a quantitative
analysis on the data collected. Therefore, to aid understanding, figures describing the
main findings in each village (arranged by the themes identified in Figure 5.1) were
included to provide a visual summary of the data.
To maintain anonymity, references to field notes in this chapter are made using a reference code for each village (TS = Trapaeng Sangke; KS = Koh Sdach; PS = Prek Svay)
followed by the interviewee number in parentheses.

5.3.3

Ethics Statement

Prior to interviews, verbal consent was obtained for each participant. They were read an
information sheet (translated into the appropriate language by the translator) explaining
the aims and objectives of the survey, its purpose and how the data would be used, that
anonymity would be maintained, and providing a method of withdrawal from the study.
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Written consent from participants was not obtained because low literacy levels in many
of the field sites meant that participants would not have understood what they signed
(Daw et al., 2012).
All participants were between the ages of 18 and 75 and were selected in order to
get a range of social demographics; no participants were considered vulnerable. Ethical
approval for this research was given by the University of Southampton Ethics Committee
(reference number: 12976)

5.4

Results and Discussion

Experts in fisheries management recognise that the underlying causes of over-exploitation
in fisheries and the degradation of coastal environments are often due to socio-economic,
institutional and/or political origins (Pomeroy, 1995). Marine management systems
such as those discussed here have the potential to affect the wellbeing of individuals
and groups who value their use of marine environments as integral to their way of life
and social identity (Voyer et al., 2012). Therefore, the management of marine resources
needs to address the relationship between fisheries resources and human welfare and
the necessary conservation of these resources for use by future generations (Pomeroy,
1995). In the context of this study, it was necessary to incorporate both the perceived
changes seen since the implementation of marine management strategies (i.e. the CFi in
Trapaeng Sangke, and Prek Svay) and the perceptions of potential change as a result of
management systems which had not yet been implemented (i.e. the Koh Sdach CFi and
the Koh Rong MFMA). Understanding the causality of change was not always straight
forward for the Prek Svay case study; changes to the key socio-economic variables used
in this study could have been the result of either the CFi and/or the support of the Song
Saa resort.
Owing to the small number of individuals interviewed in Trapaeng Sangke it is not
possible to draw definitive conclusions on the current status and effectiveness of the
CFi there. However, the data collected do highlight interesting trends in relation to the
identified framework and indicators.

5.4.1

Perceptions of Good Governance

Assessments of good governance in this study were conducted at multiple hierarchical
levels, taking into account not only the community based management structure of a
democratically elected leader and supporting committee, but also governance at the
national governmental level. In Prek Svay it was also necessary to assess the governance
of the co-management institution surrounding the development of the MFMA and, in
some cases, the influences of the Song Saa Foundation. While Song Saa is not directly
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responsible for the management or governance of either conservation strategy, it is still
important to assess its involvement and the resulting dependence of the local community
in order to understand the relative influences of different stakeholders on the whole socioeconomic system.
A visual summary of the perceptions of the local community members who were aware of
conservation efforts (Figure 5.2) highlights generally mixed feelings towards local and national governance institutions. While community members in Trapaeng Sangke showed
positive feelings towards their local level governance institutions (leader and committee), there were negative views towards any involvement of the national government.
The perceptions of governance in Koh Sdach and Prek Svay were more varied, however,
a similar trend across all three villages was seen in terms of accountability. A majority
of respondents indicated that they did not believe any individual or institution to be
accountable.

5.4.1.1

Capability

Capability refers to the factors that enable different organisations and associated individuals to effectively meet their responsibilities (Lockwood et al., 2010). While in each
of the villages, there was the feeling that local management systems were moderately
capable, issues were related to a lack of power for community based management systems to effectively implement their management plans. This was compounded by a lack
of trust in local and national governments.
Participants in Trapaeng Sangke believed that the national government were not capable,
and that the local committee were able to protect the marine habitats (TS 1, 2, 3, 4, 5).
All those interviewed stated that they would prefer marine management to remain in
the hands of the community. However, as in the other villages in this study, there were
also comments about how the community have no power (TS 2, 5), and that they need
more support from an international NGO in order to protect their CFi (TS 2, 3). The
fishermen from Trapaeng Sangke interviewed in this study agreed that the committee
and its leader are capable and explained that they trusted the leader to do what was
best for the community (TS 2, 3, 5). One participant explained that she trusted the
leader about 60%, but was unable to trust him 100% because she did not live with him,
and did not know him well enough (TS 4). She did , however, explain that to date, she
had been pleased with the CFis activities, and that almost everything the management
committee had done was successful.
In Koh Sdach, there was division in the community between those who trusted and did
not trust the government. Similarly, some believed them to be capable (KS 6, 7) of
protecting the marine environment, while others did not wish to answer the question
(KS 5, 8, 9 10, 14, 15, 17). One explanation presented was “the government could solve
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Figure 5.2: A visual summary of perceptions of governance from members of
each community who were aware of conservation efforts. Perceptions were presented as positive, negative, or no response.
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the problems if there was an issue, the government are technically capable, but they will
not do it, they just want to act like it” (KS 7). Similarly, in another interview, “the
government likes to advertise how much good work they are doing, but there is no actual
evidence of this” (KS 6). The same community member also explained how people were
often afraid to talk, and others described incidents where a number of people who were
considered to be going against the government were killed (KS 6). There were also
concerns from people within the community and CFi committee that the government
take too long in their efforts for marine protection (KS 2, 19, 20). Some suggested that
the government had attempted to delay the development of the Koh Sdach CFi, because
they did not wish to lose their additional income from the corrupt pay-outs given by
illegal fishers (KS 4, 15).
Community members interviewed generally considered the CFi leader and committee in
Koh Sdach to be trustworthy and capable. However, there were several comments about
their relative power (KS 15). While community members support the CFi, they were
keen to point out their need for additional support from NGOs (KS 17, 20), believing the
NGOs have the power to protect and develop the CFi or other management systems.
However, this was followed with the caveat “But the NGO must help me realise and
achieve my ideas, not tell me what to think” (KS 17). This indicates understanding of
the need for communities to not be dependent on the support of external organisations,
which have in some cases been shown to exacerbate issues relating to corruption in
protected area management (Smith and Walpole, 2005). The problems faced in Koh
Sdach were further compounded by reports from one of the CFi founders who explained
that he had heard rumours of a private company wanting to buy Koh Sdach for tourism
development (KS 11). He believed that it was essential to establish the CFi as quickly
as possible in order to protect the area from purchase. Similar issues were found in
Trapaeng Sangke, however, the view within the community was that irrespective of a
CFi, the Government would authorise the sale of land.
In Prek Svay there was a division of opinions surrounding the efficacy of the current
CFi management committee. Responses ranged from the community being capable, as
a result of support from the Song Saa Foundation (PS 5), to estimates of 70% capability
and other reports that the CFi was not run well and, that it was unable to stop illegal
fishing in the area. There were numerous explanations of issues related to corruption
within the boundary of the CFi, and people benefiting financially from illegal fishing.
This appeared to be an on-going problem, with others explaining that they “think the
problem will happen again at some point” (PS 11). The latter respondent suggested
that Song Saa need to investigate the issues of corruption, as he did not want the Song
Saa Foundation to waste money on funding the CFi, with so much corruption (PS 11).
Issues of corruption are potentially detrimental to management strategies. Corruption
is most prevalent in developing countries as a result of low government salaries, weak
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regulatory institutions, high political patronage and low-levels of accountability (Smith
and Walpole, 2005).
Another explanation was that people were not good at working together (PS 5). This
was linked with the suggestion that the CFi should be managed by educated people,
because people in the community do not want to learn, and they have no power to stop
illegal fishing (PS 9). Issues with the involvement of government agencies were raised
about the previous support provided by Government organisations. Two community
members explained how in the past, the Government had no time to work with the CFi
(PS 4, 8). However, there was evidence that involvement increased in 2014-2015 (PS 8),
probably due to the development of the MFMA. However, participants also explained
that FiA always say they will do things, and then do not do them (PS 5).

5.4.1.2

Transparency

Transparency relates to the visibility of decision making processes, clarity in the rationale
behind decisions and the availability and appropriate communication of relevant information (Lockwood et al., 2010). The Trapaeng Sangke community believed that their
local management systems were transparent. All interviewees explained that decisionmaking was clear and easy to understand (TS 2, 3, 4, 5). The committee leader explained
that they use small sub-meetings with fishermen to ensure that views and opinions are
appropriately recognised when making management decisions (TS 1). However, when
asked about the national government, all members believed that the government were
not transparent (TS 1, 2, 3, 4, 5).
In Koh Sdach, there was the general consensus that transparency was present at local
levels if people attended meetings (KS 4). However, there was no effective means of
communication established between the CFi management team and the local community
(KS 11, 20). This was attributed to the lack of available funds for outreach, and could
explain the division in the number of people who are actually aware of the CFi, and
confusion about its progress. One woman explained that she was aware of the CFi, but
had not heard anything in some time, and was therefore concerned that management
plans will not go ahead (KS 16). Clearly, lack of appropriate funding and infrastructure
for effective communication is a limiting factor in the development and implementation
of this CFi, but could also result in complications in the enforcement and adaptability
of the management institution.
When discussing current management systems in Prek Svay, there was a range of responses regarding the understanding of transparency in current management plans.
Some members of the community reported transparency in the management of the CFi
(PS 1, 4, 8, 9, 10, 13, 15, 16, 17, 18, 19, 20), and suggested that management decisions
were easy to understand (PS 10). In contrast, many members of the community not
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related to the CFi committee were much less aware of the decision making processes of
the CFi management team (PS 11, 14), and there were requests within the community
for more transparent approaches to management (PS 11). Decision making processes
in marine management need to be adaptive and where possible, participatory. This
fosters social learning, involves broad sources of knowledge, builds trust and enhances
legitimacy of associated institutions, rules and regulations (Mascia, 2001).
In Prek Svay, awareness of the CFi was high, whereas awareness of the development of
the MFMA varied within the community. However, this issue was complicated by the
perceptions of individuals aware of management, believing that the whole community
had knowledge of the development of the MFMA (PS 4). One government official explained that he understood 70% of decision-making (PS 4), suggesting that even when
awareness is there, detailed understanding is not guaranteed. This indicates an issue
with transparency, but also highlights potentially bigger issues with inclusivity. While
in Koh Sdach there was a certain level of awareness of the limitations of current levels
of communication, in Prek Svay, the assumption that the whole community was aware
of the MFMA development means that individuals may be left out of consultations and
be left unaware about changing rules and regulations which ultimately could lead to issues with community acceptance and compliance when the MFMA is officially declared.
When specifically discussing the development of the MFMA, community members who
were involved in the consultations, or were invited to the planning meetings believed that
decisions made by the government or the co-management team were easy to understand
and well communicated (PS 1, 5, 8, 9, 10, 16). However, people who had lesser or no
involvement believed that it was difficult to understand the decision-making processes
(PS 2, 3, 11, 14). Additionally, a previous deputy of the CFi explained that he did not
believe the MFMA to be transparent (PS 4). Government agencies need to build local
trust transparently and empower local stakeholders for decentralised management to be
successful (Hernández-Delgado et al., 2014). The apparent increase in effort of government agencies in Prek Svay in recent years may encourage increased effort of building
trust between the local government and the community. However, this effort needs to be
maintained and replicated throughout the resource dependent communities attempting
decentralised management. Therefore, mutual trust between the central and local governments and the local people is necessary for the effective decentralisation of fisheries
management (Satria and Matsuda, 2004).

5.4.1.3

Accountability

Accountability is the allocation and acceptance of responsibility for actions and decisionmaking (Lockwood et al., 2010). In Trapaeng Sangke, community members generally
believed that no individual or organisation could be held accountable if something went
wrong in the village or management system (TS 2, 3, 4, 5). This was true of both
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committee members and those who were not involved with the committee. Each highlighted how the community all work together, so they are all to blame. However, one
CFi member believed that the leader should be held accountable (TS4), and similarly,
the CFi leader believed himself to be accountable to the whole community, explaining
that he had a huge responsibility.
Opinions of accountability were similar in Koh Sdach, however since the management
systems had not yet been introduced to the community, their perceptions of accountability may not be realistic at this stage.
A CFi committee member in Prek Svay explained that a former CFi leader made his
own decisions and did not involve the committee or community (PS 4). Subsequently,
when things “went wrong” the community held him accountable. Following the latest
election, a new CFi leader was elected, who reportedly makes decisions with whole
community and with the support of Song Saa. As a result, the community believed that
no individual was accountable (PS 4, 7). The previous leader in question, explained
that he was very upset that he could not help the community. He explained that he
felt unsupported by the authorities and police. When it was time for elections, he did
not stand again, because he was unable to help the people (PS 9). This highlights an
important issue in the devolution of management and accountability. Regardless of the
specific situation, if there was insufficient support from the institutions responsible for
the devolution in power to the community, the accountability of the community-based
leader is debatable, and does accountability remains higher up the chain of governance?
The previous leader continued by saying that management has improved since the last
election, because the CFi had a new boat and more support from Song Saa. This is
potentially due to the recognition of vertical accountability and the need for additional
support. However, the former CFi leader explained that he was worried that the current
CFi leader had tried to mask issues within the management system, explaining “its like
hiding a disease from a Doctor” (PS 9).

5.4.1.4

Inclusivity

Ensuring or enhancing the participation of fisheries end users and other legitimate stakeholders in the decision-making processes of fisheries management is important (Ostrom,
1990; Pomeroy, 1995; Béné et al., 2009). The general perceptions in Trapaeng Sangke
were that everyone who wanted to be involved felt suitably included, and that their
voices would be heard by the local management system. However, they did not believe
that their opinions mattered to either the local or national Government. In Koh Sdach,
the majority of the community who were aware of the development of the CFi, said that
they were satisfied with their level of involvement, with a small number stating that
they would like more involvement, and that they believed this extra involvement was
possible if they attended meetings.
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In Prek Svay, responses varied in relation to the CFi, and there was recognition that any
future involvement was dependent on the MFMA. The perceptions of whether or not
members of the MFMA management committee will listen to members of the community
appears to relate to the societal position of people in the community. Those involved in
the management of the CFi, who had been included in the design process for the MFMA
believed that their voices would be heard (PS 8, 10, 16). However, others believed that
the MFMA management team would not listen to people in the local villages (PS 5, 14).
One previous committee member explained that he did not want to suggest any ideas to
the MFMA management team, because it was controlled by the government, and they
would not listen to him (PS 14). Similarly, the owner of a coconut plantation explained
that she always listened to the officials, but she did not know if they would listen to her
(PS 2).

5.4.1.5

Compliance and Conflict

In Trapaeng Sangke, the fishermen interviewed described the rules as fair and said that
the regulations did not prevent them fishing (TS 2, 5), suggesting that the CFi increased
their earnings. They also explained that, to their knowledge, all the members of the
community follow the rules; the only issues are related to fishers from neighbouring communities and further afield who continue to use illegal techniques such as electro-fishing.
Participants also reported that there are rarely disagreements between fishermen inside
the community but that there is occasional conflict with illegal fishermen from outside
(TS 2, 3). There have been incidents of mangrove harvesting within the community.
The CFi leader explained that it was often very poor members of the community, and
that it was not fair to fine them. As an alternative, the committee leader would provide
an offender with both additional education or alternative wood to harvest and more
support for his family.
Conflicts have reportedly arisen within the Trapaeng Sangke community over the inequitable distribution of income from eco-tourism (Bennett and Dearden, 2014). The
committee leader explained he managed the situation by explaining that there is only a
need for one cook, a boat driver and a security guard and the income cannot be shared
between 2,000 CFi members (TS 1). In order to manage this, the finances and breakdown of spending is publicly displayed in the CFi office, so as to maintain transparency.
The perceptions of the community seemed to suggest that they found the management
of the situation acceptable and, as a result, it also increased interest in the community
developing tourism within the village further.
In Koh Sdach, assessing the potential compliance of the community at this stage was not
truly possible due to the fact that the rules and regulations have not yet been published
or communicated to the community. While many who were still unaware before being
interviewed assured us that they, and other members of the community, would follow
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the rules (KS 11, 14, 16, 18), there were suggestions of issues of compliance within the
community (KS 9). This could be as a result of some individuals demonstrating social
acceptability bias, or telling surveyors what they believe they want to hear. Alternatively, variations in responses to compliance could be due to fear of saying the wrong
thing or ignorance. However, others suggested that management systems will not work
because the community are too dependent (KS 7) and fishermen will be unwilling, or
financially unable, to change their fishing habits should the rules require it (KS8). One
fisherman explained that he believed the community would follow the rules as long as
the rules do not stop them earning (KS 18). Similarly, one fishermen explained how he
was worried that the CFi rules would stop him fishing for squid with his small boat and
light lure (KS 8). Community members were not sure that the CFi would stop illegal
fishing and some were concerned that illegal fishermen would rebel against rules with
violence (KS 13).
The rules of the Prek Svay CFi were generally considered to be fair. However, some
people were not happy because some rules about where people can fish are quite strict
(PS 4). The people inside follow the rules; the people outside do not (PS 4). There
are reports of tube divers from outside the village being caught fishing within the CFi
boundary; similarly, a fisherman from Koh Sdach was caught harvesting Giant Clams
within the CFi (PS 4). Other community members also explained that, although the
CFi rules are fair, the illegal fisherman working in the area are not scared of the rules
and they just carry on (PS 20).
Rates of illegal fishing are difficult to determine, with some reporting that they have not
seen any illegal fishing in four months (PS 8), whereas others suggest that rates can more
accurately be estimated at five to six times per month (PS 20). However, current issues
with patrol boats mean that the patrol and committee are responding to calls using a
slow, traditional long-tail boat. As a result, they are not only dependent on any illegal
fishing being reported but there is also the risk that the patrol would be unable to catch
offenders (PS 20). The rules for the MFMA have not been published yet so establishing
potential compliance is not possible but views on the expected levels of compliance varied
within the community. Some members believe that MFMA compliance will not be a
problem (PS 1, 3, 4, 8, 10, 16) because everyone knows about it (PS 4). However, as
previously discussed, awareness of the MFMA does not extend to the whole community.
One member of the community explained that he was worried about the intent of some
members. He explained that “In his soul he thinks that the people here have no will,
they will not question the committee vote and then depend on committee or leader, they
never ask why” (PS 11).
Marine health data on coral reefs within the Koh Rong Archipelago were collected by
Coral Cay Conservation between 2011 and 2014. The purpose of this assessment was
to provide a scientific baseline for the development of the MFMA management plans.
However, one community member in Prek Svay explained how the community were

100

Chapter 5 Assessing community perceptions of marine management strategies in
Cambodia

unaware of the findings of this marine assessment (PS 4), despite Coral Cay being based
in Prek Svay between 2013 and 2014. He explained how the data were passed directly
to the Fisheries Administration and that there was desire within the community to
learn more about the resources in their local environment. He went on to discuss how
the community has attempted to monitor change in some key areas over the last few
months, stressing that the community needed to be able to collect their own marine
data. However, he highlighted how hard that would be and that they would need to
learn a lot (PS 4). This could be an important consideration for future management
systems in the archipelago and throughout Cambodia. Previous research has shown
that involving communities in the monitoring, data collection and analysis educates
the participants, builds capacity and fosters trust (Mascia, 2001) (see Chapter 6 for
additional information).

5.4.2

Perceived Threats

The analysis of perceived threats detected by different communities (Figure 5.3) suggests
that varying levels of environmental threats across the three villages. These were less
evident in Trapaeng Sangke, where the community felt that the CFi had effectively
reduced illegal fishing. Political threats were detected in both Koh Sdach and Trapaeng
Sangke, which related to the legitimacy of the CFis in each village. The lack of political
threats in Prek Svay are most likely related to the direct involvement of the government
in the development of the MFMA management plans.

5.4.2.1

Environmental

Community members from each village reported that the biggest issues faced related
to the prevalence of illegal fishing. However, the particular aspects of illegal fishing
deemed most critical varied between the villages. In Koh Sdach, the main issues were
related to illegal fishermen from in the archipelago (KS 1, 2, 3, 4) and it was suggested
that these fishermen often came from Thailand, Vietnam and Malaysia. Firstly, they
were able to afford larger boats (KS 4, 6, 13, 12, 19), meaning that they were able to
travel further, stay out fishing longer and typically take greater catch-per-unit-effort
than members of the local community. Secondly, community members reported that the
international fishers typically used more destructive techniques, such as trawling, light
fishing, dynamite and cyanide fishing (KS 1, 2, 9, 15, 16, 17, 19, 20). One fisherman
went on to explain that “they don’t live here, so they don’t care” (KS 16). Thirdly,
numerous fishermen and their families explained that the use of trawlers results in the
destruction of the fishing gear of local people. This third example has led to indirect loss
of income for local fishermen and, in some cases, appears to have resulted in numerous
members of the community ending up in a circle of debt; having taken out loans to buy
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Figure 5.3: A visual summary of perceptions of governance from members of
each community who were aware of conservation efforts. Perceptions were presented as negative, or no response.
fishing gear such as pots and nets, which are then destroyed, they have no way of earning
back the money they need to pay back the loan (KS 14, 15, 16, 17, 18).
In Prek Svay, the community were more concerned with the risks of gangs linked to
illegal fishing activities (PS 5, 8, 9), suggesting that they have more power than the CFi
and, when community members confront illegal fishermen, they are threatened with
guns. The deputy CFi leader explained that the CFi has reduced illegal fishing a lot
(PS 4). One participant attempted to quantify the change in illegal fishing, suggesting
that the CFi has reduced it by 15%, that we need to reduce it by 70% but also, that it
would be impossible to stop 100% (PS 9).
Other key themes were the prevalence of litter in the water: in both Koh Sdach (KS
6, 14, 15) and Prek Svay (PS 1, 2, 4, 8), waste management was described as one
of the key threats to the environment. In Prek Svay, waste in the village has been
reduced by 50% as a result of the Song Saa waste management plan (PS 10). Many
members of the community also raised the issue of waste throughout the community
but the general consensus was that the programme implemented by Song Saa has been
successful. However, past efforts of the community to manage litter in Koh Sdach were
unsuccessful, despite many members recognising it as a threat (KS 6).
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5.4.2.2

Socio-Economic

The community in Koh Sdach is split between Thai and Khmer, with distinctive geographic borders in the village (KS 6, 7). One member of the community believed
that the community is too segmented to allow effective marine protection (KS 6). She
thought that this had resulted in a mismatch in communication and people tend to mind
their own business, keeping their own demographic groups for safety and security. She
believed that because of past political instability, people are wary of trusting others,
afraid that they will be “sold-out” should the political climate change again. Clearly,
there is a need to assess each individual community subset to ensure that governance
arrangements are appropriate for different sectors of the community. Without this level
of detail, it is likely that consultations and subsequent management efforts will fail.

5.4.2.3

Political

The community in Trapaeng Sangke felt that the biggest threat was that their protected
area was at risk from the national government. As discussed previously (5.4.1.1), the
Royal Government of Cambodia is reportedly considering selling the estuary contained
within the community fisherys protected area to a Chinese development company wishing
to conduct land-reclamation projects for tourism development. “If the government wants
the land, it will take it” (TS 1). Similarly, one participant in Koh Sdach had heard that
there were risks of similar land purchase. However, he considered that the CFi would
provide effective protection from such efforts. Considering the similar threats detected
in Trapaeng Sangke, it is possible that the CFi will not provide adequate protection
against the sale of the land to developers.
Corruption within the community and the local and national government bodies was
highlighted as a big issue in Koh Sdach (KS 6, 7, 8, 13). Reportedly, the Navy arrests
illegal trawlers who then pay the Navy off and return to fishing illegally in the archipelago
(KS 7). The CFi leader explained that he had already been offered money to allow people
to dodge the rules of the CFi, which have not been discussed with the community or
implemented yet (KS 20). Several members of the community explained that many of
the local authorities gain with corruption in illegal fishing (KS 8, 12). In some cases,
fishermen attempted to inform the Navy of illegal fishing occurring but the telephone
number they were provided had been disconnected, and there was no way to report illegal
activities (KS 15). One interviewee explained that she believed that the majority of the
issues experienced in the marine environment were not necessarily down to corruption,
but date back to the end of the Khmer Rouge occupation (1975-1979) when Vietnam
invaded Cambodia. She believed that the Cambodian government still feels that it owes
a debt to the Vietnamese for re-establishing control over the country and that, as a
result, they allow free access to Cambodian waters for Vietnamese fishermen (KS 6).
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However, the issue of illegal fishers goes beyond the Vietnamese. Reportedly, fishermen
from all over South East Asia come to Cambodia, and particularly Koh Sdach, and the
neighbouring Koh Rong, to fish. This was clarified by a local fisherman, who explained
“foreigners can come inside our boundary because of corruption in local authorities”
(KS 13).

5.4.3

Perceptions of Change

The assessment of each communities perceptions of changed varied relative to the stage
of implementation of their respective management systems (Figure 5.4). Generally,
perceptions of change in each village indicated an improvement to the four variables
assessed. Considering the perceived impacts of the two management strategies currently
established (indicated by bold text in Figure 5.4), the community members in Trapaeng
Sangke outlined improvements in each area assessed, particularly income. The perceptions of changes to income were less certain in Prek Svay, and there were people who
had experienced decreases in income, or had not perceived changes to the other variables
discussed. However, the relative involvement of the Song Saa Foundation must also be
considered.
Perceptions surrounding the management programmes which were still pending at the
time of analysis (shown in normal font in Figure 5.4) showed mixed results, with a
majority of community members believing that the presence of management systems
would have a beneficial impact on the variables discussed.

5.4.3.1

Environmental Change

Community members in Trapaeng Sangke described improvements to both ecological
and socio-economic factors within the village. Fishermen described increases in both
the size and abundance of key fish species and that, as a result, their income from
fishing had increased. (TS 1, 2, 3, 5).
In Prek Svay there were mixed opinions about the changes to the marine environment
as a result of the CFi. Some members of the community believed that it had reduced
illegal fishing (PS 4, 6, 16) and that the environment had improved as a result (PS 4).
Others believed that there had been no change (PS 13), and that the CFi was ineffective
at protecting the marine environment (PS 8).
Discussing the past health of the archipelago with some of the older members of the
community in Koh Sdach suggested there had been a significant decrease in the abundance of fish and other key harvested species (KS 6, 8). A woman explained that when
she arrived to the island approximately 30 years ago, not long after the end of the Khmer
Rouge occupation, there were around 10 houses in the village and there were “loads of
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Figure 5.4: A visual summary of perceptions of change felt by members of each
community who were aware of conservation efforts. Perceptions were presented
as positive, negative, or no response.
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fish, crab and squid” (KS 6). She continued by explaining that now, with increases in
population and the number of international fishermen coming to Koh Sdach, there has
been a big loss in fish stocks. Similarly, a fisherman described that many years ago, it
was possible to fish for shrimp in the rainy season but currently there is not enough, as
shrimp are over-harvested by trawlers (KS 8).

5.4.3.2

Income

As a result of the increase in the productivity of the Trapaeng Sangke fishery, all community members interviewed explained that there had been an increase in the incomes
of families throughout the village (TS 1, 2, 3, 4, 5). One fisherman said that he had
experienced a large increase in income since the establishment of the CFi: his earnings
had increased from 10,000 - 30,000 riels ($2.50 - $7.50) per night to between 40,000
and 100,000 riels ($10 - $40) per night (TS 3). The effects of this increase in income
were recognised by other interviewees, including a non-fisher, who reported an annual increase in income since the establishment of the CFi due to the increase in the expendable
income for the fishermen (TS 4).
While the CFi in Koh Sdach was not in effect, there was the view that the management
programme would result in increases to income (KS 1, 4, 11, 15, 16, 17, 18) due to
improvements in the size and abundance of key fish species (KS 4, 16, 18). The only
exceptions were from community members who were not aware of issues in the marine
environment (KS 5, 9, 10) and one community member who did not wish to make
assumptions about the potential efficacy of the CFi (KS 8).
Some community members in Prek Svay reported increases in income since the arrival
of Song Saa (PS 1, 2, 3, 4, 5, 7, 10, 11, 13, 15, 19, 20) and establishment of the CFi (PS
1, 7, 15, 16, 20). As both institutions arrived within similar time frames, it is difficult to
discern the contribution of each institution to the perceived changes to village members.
Whereas, there were also a number of community members who described either no
change to (PS 12, 17), or a decrease in (PS 6, 14), income. Proposed explanations for
this were typically related to the village population. A fisherman suggested that, since
the development of the CFi and the arrival of Song Saa, there had been a steady increase
in the village population. He believed that the rate of population increased at the same
rate as fishery recovery and, as a result, there were no noticeable increases in the output
of the fisheries or, consequently, income (PS 4). Moreover, families dependent on the
nearby crab fishery stated that their income had decreased under the management of
the CFi, due to the collapse in the crab fishery and the loss of the Crab Bank, a local
conservation initiative (PS 6, 14). Following the most recent re-election of the CFi
committee and leader, the Crab Bank project was discontinued with no explanation
given to the community (PS 14). However, later discussions with one CFi committee
member who suggested that the Crab Bank project was still running (PS 16) but that
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there were no crabs. Another interviewee suggested that the fishermen were running
an independent Crab Bank project (PS 20). However, there was no evidence of such
a project within the community, in terms of infrastructure or reports of such efforts
from other interviewees. This suggests that there is a communication issue within the
community, which has the potential to lead to conflicts.

5.4.3.3

Education

In Trapaeng Sangke, the additional income and support from the CFi improved access
to education, both in terms of the children going to school, and the environmental education available to all members of the community, irrespective of CFi membership. All
interviewed stated that they had learnt a lot about the environment since the education programmes linked to the CFi began. All children in the community are now in
full-time education, with many in high-school in Phnom Penh and some families able to
send their children to school in Malaysia (TS 3) using a Muslim educational scheme to
boost education within under-privileged communities. One fisherman explained that he
understood the importance of education for his children and said he would have found
a way to send them to school even without the CFI (TS 2). However, he was very
grateful for it because it both improved his income and provided support for some of
the additional school costs, which made it easier.
Compared with other small Cambodian villages, particularly coastal fishing villages, Koh
Sdach is reasonably well developed. As a result, community members did not perceive
much potential for change to education (KS 19), although there was recognition by some
that, should there be an increase in income for families in the community, there may be
additional scope for access to better education for children in Phnom Penh (KS 3), as
was seen in Trapaeng Sangke. However, there was a general expression of interest across
the community for more opportunities for environmental education (KS 15, 16, 17, 18).
In Prek Svay, community members explained that Song Saa had helped the community
with support for schools, teachers and books (PS 1, 12, 19) and, as a result, they did not
see much scope for change to the levels of education in the community. The potential
for better access to education outside the village was not mentioned.

5.4.3.4

Healthcare

In Trapaeng Sangke, while the increased income and community support should have, in
theory, fostered additional healthcare provision, the CFi committee reported that many
community members, particularly women, still rely on traditional techniques rather
than seeking more scientific medical care (TS 1). However, when discussing directly
with members of the community, they explained that, due to increased income, they
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are able to call a doctor to their house or visit the hospital, should they need to, which
would previously have been more difficult (TS 4, 5).
Healthcare provision in Koh Sdach was already reasonably developed, with a health
clinic on the island and, due to the short distance between the archipelago and the main
land, it is also easy to get access by road to alternative medical facilities. However, there
was the understanding in the village that the community would be healthier if they were
able to earn more, could afford to eat better food and there was improved sanitation
(KS 15).
The community in Prek Svay believed that there has been an increase in the healthcare
facilities in the village as a result of Song Saa (PS 1, 4, 12, 13, 19). The Song Saa
Foundation has brought medical professionals into the village, and other villages in the
Archipelago, and also provided assistance for medical emergencies in the community,
using the resort speedboat to transport community members to hospital in the mainland
port of Sihanoukville (PS 16). However, the improvements to medical facilities were not
attributed to the presence of marine management. As a result of the support provided by
Song Saa, there is no need for the CFi in the village or the MFMA to provide additional
support. It would therefore be beneficial for future projects in the area to determine the
dependence of the local community on Song Saa and the potential impacts should the
resort close and the community support programmes end.

5.4.3.5

Community Happiness and Wellbeing

In each village it was generally considered that the presence of marine management
systems had or would increase community happiness and wellbeing within the communities. The Trapaeng Sangke community described increases in both the happiness of
community members and a decrease in conflict since the development of the CFi (TS 2,
3, 5).
The Koh Sdach community predominantly believed that the presence of the CFi and
marine management programmes would make the community happier. Explanations
were typically associated with the increased incomes and associated community development that would occur. However, very few community members recognised that it
would be several years before it would be possible to detect any changes in the marine
environment and whether the CFi had impacted the fishery (KS 13, 16).
In Prek Svay, descriptions of increased wellbeing were typically related to the presence
of Song Saa as opposed to the CFi, with most of the improvements to the village,
such as the school, visiting health clinics and the waste management programme, being
attributed to the work of the Song Saa Foundation (PS 2, 3).
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Conclusions

The Royal Government of Cambodia has been working to apply marine management
strategies throughout the coastal zone as a means of controlling over-exploitation of fisheries. Through the implementation of The Rectangular Strategy (Rectangular Strategy,
2013) and applicable international targets (such as the CBD (Toropova et al., 2010)) for
the protection of marine habitats, both centralised and decentralised management systems have been applied. Considering both the ecological and social impacts of marine
management systems, it was important to establish the influences of the current and
proposed schemes on the local communities dependent on the resources being protected.
The way community members perceived governance institutions varied. Across all villages, local level governance institutions were well received. However, in the villages
with limited involvement from the national government, governance indicators were reported more negatively, and the government were generally considered incapable and
untrustworthy. Contrastingly, as a result of the MFMA development in Prek Svay, the
community typically responded more positively towards governance questions relating
to the government. However, in Koh Sdach, a lack of effective communication within
the community had limited the awareness of the CFi development, therefore limiting
the inclusivity and transparency within the management system. Similarly, in Prek
Svay, despite more extensive community engagement and awareness of both the CFi
and MFMA, there were still limitations regarding the inclusivity. Some members of the
community believed that their voice would not be heard, particularly by the government
bodies responsible for the development of the MFMA. Reports of corruption in both Koh
Sdach and Prek Svay also impacted perceptions of governance at different levels.
Participants in Koh Sdach felt that there were large issues with corruption within the
governmental bodies, whereas in Prek Svay they felt that corruption was more of an issue
within their local level governance institutions. Natural resource management institutions such as those discussed here are often weak, particularly in relation to common
property resources like coral reef fisheries and can enable corruption (Barrett et al.,
2001). Additionally, since the environment is often considered a softer political issue
for many governments, it can often be disregarded in favour of other sectors such as
construction or resource extraction, which are often more environmentally damaging
(Smith and Walpole, 2005). Communities in poor countries rarely have the power to
prevent the actions of corrupt officials who prevent the transfer of power and demand
bribes (Smith and Walpole, 2005). As a result, there is a need to help communities
tackle corruption (Sale, 2008) and corruption is one of the four factors at the core of
The Rectangular Strategy (Figure 5.1) (Rectangular Strategy, 2013). However, it appears that more effort may be required to prevent corruption in order to support long
term habitat protection and sustainability goals.
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Members of all three communities reported similar environmental threats relating to
illegal fishing and litter in the water. Litter in marine environments, particularly plastic
has been shown to have deleterious effects globally (Derraik, 2002), and addressing the
problem of debris in the oceans is a difficult task requiring international effort.
The community in Trapaeng Sangke reported that as a result of the implementation of
the CFi, they had managed to reduce illegal fishing. However illegal fishing was still
cited as a serious environmental threat in both Koh Sdach and Prek Svay.
Political threats to both Koh Sdach and Trapaeng Sangke were related to the legitimacy of the protection, and whether the National Government would sell the land to
international investors looking to develop tourism in the Cambodian coastal zone. Land
grabbing, the term used when communities are dispossessed of their land by outside
actors (Benjaminsen et al., 2011) is not an issue unique to Cambodia, particularly in
relation to protected areas. Conservation programmes and protected areas are typically
assumed to be permanent fixtures on the landscape, but there is evidence in the literature of widespread, yet largely overlooked, protected area downgrading, downsizing
and degazettement (PADDD) (Mascia and Pailler, 2011). In a review of 15 past and 10
proposed PADDD cases between 1990 and 2009 (Mascia and Pailler, 2011), the authors
attribute loss of protected areas to varying factors from building infrastructure such as
roads, factories and military instillations to agricultural developments and resource harvesting. Additionally, the implementation of the Koh Sdach CFi was hindered by a lack
of communication between different cultural sectors of the community. Thai members of
the Koh Sdach community were unaware of any planned marine management strategies.
Compliance is difficult enough to enforce when there are few incentives, or increased
restrictions on behaviours, but if sections of a community are not aware of such regulations, compliance is not possible (Rife et al., 2012). As a result there was no involvement
of this sector of the community. Ultimately, this may lead to increased conflict between
the different groups, and have impacts on the compliance and subsequent future efficacy
of the CFi.
In each of the villages studied, there was the understanding that marine management initiatives would lead to increases in income. In Trapaeng Sangke there was evidence that
livelihood benefits had been derived as a result of the CFi, and members of the community interviewed had detected positive changes to healthcare and education. However,
these impacts were more difficult to ascertain in Koh Sdach and Prek Svay. The perception in Koh Sdach was that, once implemented, the CFi would have a beneficial impact
on incomes. However, because the island already has a health centre and high school,
there were mixed feelings surrounding whether the CFi would impact these amenities.
Similarly, in Prek Svay, the implementation of the CFi coincided with the arrival of
the Song Saa Foundation, who provide support to the local community. It is therefore
very difficult to establish whether the benefits felt by the community over the last few
years are as a result of the CFi, or the Song Saa Foundation. Another factor raised
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by community members in Prek Svay, was that despite the presence of an international
conservation organisation in the village collecting coral reef health data on the area, the
community were unaware of the health status of their reefs. The long-term sustainability
of management systems can be dependent on the local communities believing that the
management system is enhancing fish populations (Walmsley and White, 2003; Yasue
et al., 2010) and overall reef health. These data were collected to inform the design
of management systems in the area (Van Bochove et al., 2011; Boon et al., 2014), but
could also act as a valuable tool within the community, allowing them to more directly
understand how their actions are impacting the marine environment.
Irrespective of the international conservation targets set for 2020 (Toropova et al., 2010),
there is arguably no point in establishing protected areas without the infrastructure in
place to support it. While conservation targets may be met, encouraging the development of ‘paper parks’ will only help to foster negative perceptions of marine management
efforts, and will not solve the problems relating to the over-exploitation of natural resources (Bellwood et al., 2004; Rife et al., 2012). Similar issues with ineffective paper
parks have been reported worldwide. In a previous assessment of MPAs in the Gulf
of California, Mexico, Rife et al. (2012) highlighted that the rush to implement MPAs
in the absence of sufficient resources does not resolve issues in conservation. In contrast, such efforts may create a false sense of protection that camouflages degradation
of marine ecosystems (Rife et al., 2012).
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Figure 5.5: Main themes identified through analysis of three variables (Perceptions of Governance, Perceived Threats, Perceptions of
Change) detected in each village, and subsequent recommendations for future MPA implementation. Colours refer to villages in which
particular themes were discussed (Koh Sdach = blue, Prek Svay = red and Trapaeng Sangke = purple).
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This study was conducted to assess the current socio-economic impact of Cambodian
marine management systems. However, none of the management programmes discussed
here are mature systems. Each has been in place for less than a decade. Through
interviews with members of local communities, certain issues have been identified, which
could hinder both the future efficacy of the management systems described here, and any
future management strategies implemented in coastal Cambodia. Therefore, in addition
to schemes of work outlined in The Rectangular Strategy (Rectangular Strategy, 2013),
the following recommendation are made:

1. Increasing the communication infrastructure within and between protected areas.

The purpose of this recommendation is two-fold. Firstly, to support the communication
between committees and communities, as this will support awareness, inclusivity and
transparency within management plans. Secondly, to allow individual CFis to work
collectively, sharing knowledge and resources. This may provide additional support for
organisations struggling to establish protection regimes or dealing with specific issues.
It will also strengthen and legitimise marine protection across the Cambodian coastal
zone, and assist with the future integration of MFMAs, aiming to develop a network of
marine protection.
These two main recommendations require different levels of infrastructure to support increasing communication. Both the internal communication between members of he same
community, and communication between communities. The former will facilitate the effective communication of knowledge of rules, regulations, educational materials and the
findings of any monitoring programmes. In communities such as those discussed here,
one of the most suitable means of establishing within community communication would
be small focus-group meetings. Similar processes were described by the leader of the
Trapaeng Sangke CFi, which they use to encourage two-way communication between the
management committee and the community. These focus groups are arranged hierarchically to pass information upwards to the CFi management committee. The application
of similar group discussions could be useful in both Prek Svay and Koh Sdach may assist
with communication throughout the community. It may also act as an effective means
of assessing factors such as compliance.
Encouraging and supporting communication between different CFis would allow communities to share knowledge on effective or ineffective management and wider governance
issues. Establishing a regular meeting schedule between the leaders of coastal CFis
would assist with knowledge transfer between different management systems. Another
potential benefit may come from rotating meeting sites to allow leaders and committee
members to visit other CFis. This would allow leaders to see different management
mechanisms and potentially facilitate problems solving within their own programmes.
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However, both of these strategies require financial support from either the national
government of alternative donor agencies or organisations to cover expenses. While
Prek Svay gets support from Song Saa, neither of the other villages currently have such
resources available. Without such resources, the establishment of either inter- or intracommunity communication will be extremely limited. Therefore, there is first the need
to establish an effective means of provisioning resources for the CFis.

2. Increased governmental support for CFi’s.

While it is understandable that governments in developing countries have limited resources for environmental protection, the results of this analysis suggest that community perceptions of governments depend on the level of involvement and interaction
government bodies have within the management programme. Additional involvement of
governments may also increase the legitimacy of CFis, and reduce fears surrounding the
sale of protected areas to international investors.
Provisioning of resources (both financial and otherwise) to MPAs, or lack thereof has
been reported as one of the main limiting factors to MPA efficacy (Watson et al., 2014).
Considering the clear need for marine management systems to protect fisheries and associated communities, there needs to be more understanding for the costs associated with
both the establishment and ongoing management of programmes. This is particularly
true in developing communities, where resources are more limited. As a result, it is
understandable why it may be perceived by certain stakeholders that the sale of land
to make money is more beneficial than establishing or continuing to manage protected
areas. Ultimately resulting in a lack of governmental support, and compromising the
legitimacy of such sites.
In setting targets locally, nationally and internationally, there needs to be more understanding of the associated costs. When it is not possible to appropriately provision, the
decision to go ahead needs to be made very carefully, especially when there is a risk of
failure. As shown by this study this, a lack of provisioning, support and legitimacy can
only foster dis-trust within multiple levels of governance.
However, while lack of financial support for conservation efforts has been highlighted as
a significant limitation to their effectiveness. The results of this study also suggest that
an increased governmental presence may also foster feelings of legitimacy and trust. For
example, the communities in Prek Svay generally had more positive views towards the
national government, and their involvement in conservation. This was primarily as a
result of increase government involvement in the design and planning of the MFMA in
this area. Contrastingly in the areas with less government involvement in planning and
management, the communities felt that their management systems lacked legitimacy.
Therefore, it may be valuable to conduct an analysis of the impact of differing levels
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of involvement from higher level governance organisations on MPA systems. Primarily
to determine what level of governmental involvement is most appropriate, but also, to
further investigate the issues of legitimacy and corruption discussed during this study.

3. Increased legitimacy for protected status.

Considering the apparent concern over governance within the Royal Government of
Cambodia and its associated organisations, combined with the perceptions of risk felt by
members of the community regarding the potential sale of land for tourism development,
it would be understandable if communities were reluctant to follow management rules
and regulations. This could have a detrimental impact on the health of fisheries and
marine habitats, coral reefs and the efficacy of current and future management strategies.
While it is clear that legitimacy for protected areas needs to be increased. From a Cambodian perspective legitimacy for the protected areas may be better implemented from
an international level. The threats felt in Trapaeng Sangke relating to the risk of landgrabbing for the development of tourism-based infrastructure, suggest that the Royal
Government of Cambodia does not consider the CFis to be legitimate, or alternatively
not as important as their financial worth.
Therefore it would be helpful if these conservation strategies were formally legitimised by
international organisations such as the convention on biological diversity, who initially
set the targets. This issue may also benefit from a study designed to assess governmental
influences in MPA design and legitimacy.

4. Effective means of dealing with illegal fishing.

Illegal fishing was reported as the main threat to the environment in each of the three
villages involved. Issues regarding corruption within the reporting system, and the
links between illegal fishermen and gangs means that it is essentially impossible for local
communities to deal with these issues safely. Therefore, it would be beneficial to address
these issues nationally, in collaboration with The Rectangular Strategy (Rectangular
Strategy, 2013).
Primarily, such an approach would involve managing the issues of corruption as highlighted in this study. This was particularly evident in Koh Sdach where there were
frequent reports of fishers using illegal techniques ’paying-off’ the authorities to continues their illegal activities. However, issues with corruption are faced globally and are not
easily managed. In the mean time including additional layers of accountability within
the organisations responsible for issuing fines and managing compliance may assist with
the issues. Similarly, implementing a means of reporting issues of corruption to higher
governance levels may assist members of local communities in effectively reporting such
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transgressions. Increasing awareness of corruption, and finding a way of quantifying the
extent of the problem could help to inform the long term management of the issue. This
may also highlight key ways to tackle corruption within the Cambodian fishing industry,
and as a result support the legitimacy and management of CFis and other protection
strategies.

5. Waste management programmes throughout the coastal zone.

Waste in the water was considered to be one of the major threats to the environment
in each village. Considering the environmental impacts of waste in marine systems,
it would be beneficial to implement a waste management programme throughout the
coastal zone, to limit both the local impacts and broader impacts of rubbish moving.
Considering the lack of effective communication and infrastructure in and between many
parts of both the coastal zone and the rest of the country, implementing nationalised
waste management strategies would take a long time, and would require significant
resources. It would therefore be more appropriate for individual communities to manage
and effectively dispose of or recycle their waste.
A similar project has been implemented in Prek Svay, supported and financed by Song
Saa. While locally the project has improved waste management issues, the area is still
impacted by waste from the rest of the country, where waste is regularly discarded into
the water or incinerated (Rectangular Strategy, 2013). In order to deal with waste
management in the coastal area and the rest of the country, there needs to be a increase
in waste management infrastructure nationally. Waste management is not currently
explicitly stated within the Rectangular Strategy, but is instead discussed at different
points under a variety of headings, including “Further rehabilitation and construction of
Physical Infrastructure” (Rectangular Strategy, 2013). The issue of waste management
may therefore not be considered as a main priority within the process of national reform.
So first, it may be more appropriate to demonstrate the importance of waste management
systems to increase chances of them being implemented in Cambodia.
This study highlights some of the benefits and limitations of both centralised and decentralised management systems in coastal Cambodia. However, many of these limitations
could be mitigated by more effective governance, particularly within higher levels of government. Trust is an essential component of participatory decision-making processes, as
such government organisations must lead the way towards building trust, often among
diverse stakeholders, while maintaining honesty and integrity (Mascia, 2003). In order
for Cambodian marine management strategies to be more successful, there is a need for
additional governmental support, and for community-based management programmes
to be protected against external political threats. This issue should be further investigated through future studies assessing the influence of governmental inputs on MPA
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design and management. In addition to analyses focussed on assessing the influence of
national governments. It would also be beneficial to conduct research on the legitimacy
of Cambodian community-based management systems.

Chapter 6

Effectiveness of community and
volunteer based coral reef
monitoring in Cambodia
6.1

Abstract

Globally, coral reef monitoring programmes conducted by volunteer-based organisations
or local communities have the potential to collect large quantities of marine data at low
cost. However, many scientists remain sceptical about the ability of these programmes to
detect changes in marine systems when compared with professional techniques. A limited
number of studies have assessed the efficacy and validity of volunteer-based monitoring,
and even fewer have assessed community-based methods, particularly within the marine
environment. This study in Cambodia investigated the ability of surveyors of different
levels of experience to conduct underwater surveys using a simple coral reef methodology.
Surveyors were assigned to four experience categories and conducted a series of six 20
x 5 m belt transects using five benthic indicator species. Results indicate decreased
variation in marine community assessments with increasing experience, indicating that
experience, rather than cultural background influences survey ability. This suggests that
locally based programme can fill gaps in knowledge with suitable on-going training and
assessment.

6.2

Introduction

Within developing communities there is a clear need for coastal communities to have
access to simple marine monitoring technique that are able to assess reef health (Risk
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et al., 2001). Such communities are invariably resource limited and the costs and logistical constraints associated with the effective monitoring of marine resources by professional scientists can be crippling to management efforts. Orthodox methods to monitor
biodiversity and resource use are often costly and hard to sustain, especially in developing countries where financial resources are limited (Danielsen et al., 2005) and the results of such studies are rarely communicated to the local population (Uychiaoco et al.,
2005). As of April 2016, there were 11,333 recognised global marine protected areas
(MPAs) covering 2.18% of the oceans, with 1.03% classed as “no-take” zones (Marine
Conservation Institute, 2016). However, without reliable monitoring of these MPAs, no
supportable management decisions can be reached, no diagnoses on the state of fisheries
can be performed and no progress on the effects of management control can be made
(Lunn and Dearden, 2006).
While there is a clear need for monitoring, it is less clear who should undertake it.
In the past, reef monitoring was typically conducted by professional marine biologists:
SCUBA divers trained in the scientific identification of marine organisms (Uychiaoco
et al., 2005), non-governmental organisations or foreign scientists (Léopold et al., 2009).
However, there is the general consensus that science has neither the financial resources or
man power to meet the current demand (Hodgson, 1999; Foster-Smith and Evans, 2003).
Monitoring approaches using non-resident volunteers and local communities have been
receiving increasing attention as a cost-effective way to collect data on the environment
and/or involve local stakeholders in management (Léopold et al., 2009; Mascia, 2001).
In the last 2-3 decades there has been a progressive shift towards involving foreign
volunteers and local community members formally and more effectively in monitoring
and management (Sheil and Lawrence, 2004; Wells and McShane, 2004; Danielsen et al.,
2005). Subsequently, the scope of coral reef monitoring systems has been expanded
to include monitoring programmes specifically designed for volunteer divers such as the
Reef Check programme (Hodgson, 1999) and the Global Coral Reef Monitoring Network
(Hill and Wilkinson, 2004). Each of these programmes utilises variations of the same
transect techniques to assess fish, invertebrates and substrate communities (for detailed
methodological information see: Hodgson (1999); Hill and Wilkinson (2004)). In most
developing countries, local communities do not have access to SCUBA equipment and
are therefore not able to be directly involved in monitoring with professionals and nonresident volunteers (Uychiaoco et al., 2005).
Nevertheless, many members of the scientific community remain sceptical about the
reliability of data collected by volunteers (Foster-Smith and Evans, 2003). Species and
habitat monitoring data collected by local communities and external agencies has, in
the past, been assumed to yield the same results as collected by scientists (Coleman
and Steed, 2009) but there has only been minimal testing of this assumption (Danielsen
et al., 2014). This is particularly true in the marine environment, as a majority of
studies attempting to determine the suitability of community based resource monitoring
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have focussed on terrestrial ecosystems such as forests (Constantino et al., 2012; Funder
et al., 2013; Danielsen et al., 2014). In fact, previous studies using community members
to assess fish populations have suggested that community members are more likely to
either under- or over-estimate species counts (Bray and Schramm, 2001; Léopold et al.,
2009). Whilst there are many examples of how to integrate volunteers and community
members into the collection of monitoring data, through interviews designed to assess
community perceptions of fish populations (Yasue et al., 2010) and catch assessments
with behavioural observations (Lunn and Dearden, 2006), this study is focussed on
the use of non-resident volunteers and local community members to conduct in-water
assessments of reef resources.
Previous studies have compared the data collected by scientists with data from either
volunteers (Mumby et al., 1995; Darwall and Dulvy, 1996; Goffredo et al., 2010) or local
communities (Uychiaoco et al., 2005). However, attempts at determining any differences
between scientist-gathered data and data collected by both volunteers and local communities were not possible due to differences in the methodologies used by each group
(Léopold et al., 2009). Past studies have also varied in regards to the indicators and
groups used. A majority of studies addressing the abilities of non-resident volunteers
and community members to assess coral reefs have focussed on the assessment of fish
populations Uychiaoco et al. (2005); Léopold et al. (2009). While it makes sense to
monitor local fish stocks, and fish species are often known or more identifiable to the
local communities, the issue lies in the fact that a majority of fish species are motile:
assessment of individuals’ ability to accurately quantify fish populations is inherently
difficult when no scientist, volunteer or community member is necessarily seeing the
same fish. While this is not an issue unique to coral reef surveys, it is understandably
difficult to count individual fish in a three-dimensional space with target and non-target
individuals moving in and our of the survey area, particularly for those with limited
experience. While it is important to consider the assessment of fish, particularly in areas where fish are potentially over-harvested by resource dependent communities, it is
arguably more important first to establish how accurately marine surveyors are quantifying marine communities before expanding studies to include groups which are more
difficult to assess. Analysis of sedentary marine invertebrates and substrate indicators
could offer an alternative means of coral health assessment, because the indicators in
question do not move.
The aim and objectives for this study were:
• Aim Compare the abilities of coral reef surveyors with different levels of experience to assess benthic invertebrate and substrate indicators to determine the
potential application of volunteer and community-based monitoring to coral reef
management.
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(a) Assess surveyor precision and accuracy across surveyors with different levels
of training and experience
(b) Establish how the experience gained during this assessment impacts precisions
and accuracy

6.2.1

Methods

6.2.1.1

Study Site

This study was conducted on the north-eastern side of Koh Sdach Island, in the Koh
Sdach Archipelago, adjacent to the Botom Sakor National Park in Cambodia (Figure
6.1 a, b).
(b) The Koh Sdach Archipelago

(a) Cambodia

(c) Study Site

)

N

N

N

Cambodia

Koh Sdach

(c)

Botom Sakor
National Park

(b)

150  km

Dock

Study Site

Transect Line

Survey Area

5 km

20  m

Figure 6.1: Site map indicating (a) the location of the Koh Sdach Archipelago
in the Cambodian coastal zone, (b) the study site on Koh Sdach Island in the
Koh Sdach Archipelago, (c) the study area and positioning of transects.

6.2.1.2

Study Participants

The study was conducted using a total of 16 participants allocated to four experience
categories (four participants in each category) based on the following criteria:
• Khmer - Local community residents interested in conservation; able to swim and
snorkel, but no experience of scientific survey.
• Non-resident volunteers with no experience - International paying volunteers on a
marine conservation programme with no survey training or prior experience.
• Non-resident volunteers with experience - International paying volunteers; fully
trained with minimum of two months survey experience.

Chapter 6 Effectiveness of community and volunteer based coral reef monitoring in
Cambodia
121
• Scientists - Minimum of a bachelor’s degree in an environmental discipline, with
one-year marine survey experience.
Participants aged between 18 and 40 (eight males and eight females), from mixed cultural
and educational backgrounds, were selected based on their involvement in environmental
projects on Koh Sdach and their adherence to the above criteria. Khmer participants
were involved in environmental education and outreach programmes and expressed an
interest in trialing a new community-based monitoring programme. International volunteers were sourced through an international volunteer organisation, Projects Abroad,
and were interested in gaining experience in marine monitoring techniques. All participants gave their time voluntarily as a means of gaining experience, and learning new
skills. Ethical approval for this research was given by the University of Southampton
Ethics Committee (reference number: 9401)

6.2.1.3

Indicator Species

As a result of the involvement of inexperienced surveyors, the number of indicators for
this study was kept small rather than setting unrealistic targets for new surveyors, with
a view to increasing it in subsequent studies. Indicator species were required to meet all
the following criteria:
1. Regionally accepted as appropriate indicators of reef stress (Risk et al., 2001).
2. Conspicuous, easily identifiable and known to the local community members.
3. Diurnally sedentary, ensuring that individual organisms did not move out of the
study area between surveys.
A series of five benthic marine invertebrate species were selected, which fulfilled the
above criteria and were capable of acting as indicators of stress in coral reef system:
• Boring Sponge (Cliona sp.)
• Christmas Tree Worm (Spirobranchus giganteus)
• Feather Duster Worm (Sabellastarte sp.)
• Giant Clam (Tridacna sp.)
• Long-spine Sea Urchin (Diadema sp.)
Four of these indicators were species that embed themselves directly into the coral
structure. The rationale was that a stressed coral would be less able to defend itself
against colonisation by these species so, the higher the concentration of these indicators,
the more stressed the coral (Risk et al., 2001).
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6.2.1.4

Training

All participants underwent training during a one-hour workshop, where they were introduced to the indicator species through a series of photographs and drawings and it
appropriate survey techniques and swim patterns. Practice ‘dry-run’ surveys were setup using a series of photographs of both indicator and non-indicator species arranged
around a transect line on the floor of the training room. Participants were encouraged
to swim in an ‘S’ shape across the survey area, taking as long as they needed, and choose
whether to count each species individually, or as many at once as they felt they could
manage. A translator was used where required to ensure clear understanding by all
participants.

6.2.1.5

Protocol

Six fixed-position belt transects (Hodgson, 1999; Hill and Wilkinson, 2004) were deployed in a 50 m2 area of shallow rocky reef (Figure 6.1c). Each survey was conducted
over a 20 x 5 m belt transect (extending 2.5 m each side of the transect line), with a
minimum distance of 5 m between each line. The maximum depth was 1.5 m ensuring
participants were able to surface dive if necessary. Since the purpose of this analysis
was to assess surveyor ability and not reef health, the proximity of transects was not a
scientific consideration, but assisted with health and safety considering the large number
of inexperienced surveyors in the water.
Transects were secured below the water line to concrete posts used for pier construction,
and the deployment bearing was recorded. All participants were briefed together (a
translator was used to ensure the Khmer participants were fully informed). Prior to the
start of the participants surveys, a line point transect (Hodgson, 1999) was conducted
with data points collected at 50 cm intervals, to determine the general condition of each
survey area. Each participant surveyed the six belt transects using basic snorkelling
and safety equipment. Surveys were carried out one by one and participants were asked
to record the number of each indicator seen within the survey area. Following each
transect, there was a rest period. This allowed participants to rest, data to be collated,
and allowed time for the marine communities to resettle following any disturbance.

6.2.1.6

Data Analysis

Data were analysed using the Bray-Curtis index of similarity (Bray and Curtis, 1957) to
create a rank similarity matrix and subsequently construct a Multidimensional Scaling
(MDS) plot to look at overall trends in marine communities detected on each transect by
the different experience groups. The MDS plots were further examined by the addition of

Chapter 6 Effectiveness of community and volunteer based coral reef monitoring in
Cambodia
123
percentage similarity contours, indicating the maximum similarity between individuals
to aid visualisation.
A Permutational Multivariate Analysis of Variance (PERMANOVA) was conducted using Bray-Curtis similarity coefficients (Bray and Curtis, 1957), calculated using squareroot transformed data to stabilise variance (Anderson et al., 2008). For the analysis, 999
unrestricted permutations of residuals were used to generate P-values (Anderson et al.,
2008). The analysis included the factor ‘experience level’ (Khmer, non-experienced volunteers, experienced volunteers and scientists) across the six transects used in this study.
The results of the Bray-Curtis similarity index were then used to conduct a similarity
percentage (SIMPER) analysis (Anderson et al., 2008) to assess the percentage contribution of individual species to the similarity matrix produced by the Bray-Curtis index
of similarity.
Based on the assumption that participants in the ‘scientist’ category are accurately
counting the number of each species in each transect area (Mumby et al., 1995; Uychiaoco
et al., 2005; Léopold et al., 2009), additional analyses were conducted to assess the impact
of experience on survey accuracy. These were calculated using the sum of the absolute
deviations between the mean score of scientists for each species, and the species counts
recorded by each surveyor in the remaining three experience categories (Figure 6.1),
plotted against the order in which the surveys were conducted.
sp=5
X
sp=1

=

!
O=n
1 X
|OT − Sci|
n

(6.1)

O=1

Where n = 4, sp is the number of species recorded, O refers to the observer, T the order
in which each transect was conducted, and Sci is the mean score for the scientist group
at each specific transect. This analysis was supported by subsequent Spearman’s Rank
correlations for each non-scientists experience level to assess relationships between the
sum of the absolute deviations and the order in which the surveys were completed.

6.3

Results

Results indicated that there was less within-group variation with increasing experience
(Figure 6.2), with participants in the scientist category showing the highest percentage
similarity in counts of indicator species in each transect. Overall, results varied by
transect, related to the individual substrate breakdown of each survey area (Figure 6.2).
However, there was evidence of particular observers’ consistently reporting species counts
that varied from other participants’ (observer one and observer three, Figure 6.2). This
was supported by an increase in similarity of detected communities between individuals with increasing experience. This indicated that individuals in the scientist group
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Table 6.1: Percentage cover of key substrate indicators collected to establish
the general state of each transect area (Tr - Transect).
Tr. 1

Tr. 2

Tr. 3

Tr. 4

Tr. 5

Tr. 6

Live Coral

5

37.5

37.5

25

0

40

Dead Coral

20

17.5

25

7.5

80

40

Non-living Substrates

67.5

45

37.5

60

15

17.5

Algae

7.5

0

0

7.5

0

0

Other

0

0

0

0

5

2.5

demonstrated the highest level of precision whereas participants in the Khmer group
produced the greatest variation between participants’ recordings. This could indicate
that precision increases with experience. However, it was not possible to assess surveyor
accuracy due to the variation present in each individual participants’ assessment of the
five indicator species over the six transects. Similarly, the results indicated increased
variation in the data collected by the local community members.
Results from the PERMANOVA analysis varied from transect to transect (Table 6.2).
Overall there is evidence of significant differences in the indicators detected by participants in each experience group. However, the results also indicate many instances
where there were no significant differences in counts of the five indicator species between
experience groups.
There were no significant differences between assessments of the five indicator species
made by the local community members and those made by the non-experienced volunteers on ant of the transects (Table 6.1). This suggests that the differences are not due
to any cultural background, but are due to experience.

Table 6.2: Results from a PERMANOVA analysis identifying the differences in
community composition assessment made by individuals in different experience
groups.
Transect

Comparison

t

P(perm)

1.

Khmer, Non-Exp Volunteer

0.57

NS

Khmer, Exp Volunteer

2.42

0.03

Khmer, Scientist

0.62

NS

Non-Exp Volunteer, Exp Volunteer

2.42

0.03

Non-Exp Volunteer, Scientist

1.45

0.2

Exp Volunteer, Scientist

5.68

0.02

Continued on next page

Chapter 6 Effectiveness of community and volunteer based coral reef monitoring in
Cambodia
125
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Transect

Comparison

2.

3.

4.

5.

6.

t

P(perm)

Khmer, Non-Exp Volunteer

1.46

NS

Khmer, Exp Volunteer

1.27

NS

Khmer, Scientist

1.40

NS

Non-Exp Volunteer, Exp Volunteer

1.02

NS

Non-Exp Volunteer, Scientist

3.11

0.04

Exp Volunteer, Scientist

2.42

0.03

Khmer, Non-Exp Volunteer

0.81

NS

Khmer, Exp Volunteer

2.33

0.02

Khmer, Scientist

1.98

0.04

Non-Exp Volunteer, Exp Volunteer

2.00

NS

Non-Exp Volunteer, Scientist

1.46

NS

Exp Volunteer, Scientist

1.66

NS

Khmer, Non-Exp Volunteer

1.77

NS

Khmer, Exp Volunteer

0.88

NS

Khmer, Scientist

2.07

0.03

Non-Exp Volunteer, Exp Volunteer

1.13

NS

Non-Exp Volunteer, Scientist

0.89

NS

Exp Volunteer, Scientist

1.11

NS

Khmer, Non-Exp Volunteer

1.55

NS

Khmer, Exp Volunteer

1.42

NS

Khmer, Scientist

1.44

NS

Non-Exp Volunteer, Exp Volunteer

1.86

0.04

Non-Exp Volunteer, Scientist

1.56

NS

Exp Volunteer, Scientist

2.50

0.03

Khmer, Non-Exp Volunteer

1.62

NS

Khmer, Exp Volunteer

1.70

NS

Khmer, Scientist

1.46

NS

Non-Exp Volunteer, Exp Volunteer

1.56

NS

Non-Exp Volunteer, Scientist

1.32

NS

Continued on next page
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Transect

Comparison
Exp Volunteer, Scientist

t

P(perm)

2.27

0.03

Table 6.3: Species identified in SIMPER analysis as being the main causes
of change in community composition between transects. SIMPER analysis
recorded similarity of 72.83%. All data were square root transformed.
Transect
Species
1.

2.

3.

4.

5.

6.

Feather
Worm

Mean

Similarity

Percentage

Cumulative

Abundance

Similarity

St. Dev.

Contribution Percentage

2.41

29.01

2.27

39.83

39.83

Diadema sp.

2.34

22.45

1.14

30.83

70.66

Giant Clams

1.41

14.44

1.33

19.83

90.48

Diadema sp.

6.11

38.95

3.91

48.01

48.01

Feather
Worm

3.81

28.16

3.47

26.94

74.95

Giant Clams

3.26

17.62

2.82

21.72

96.67

Diadema sp.

5.58

37.40

4.87

50.78

50.78

Feather
Worm

4.49

23.33

2.34

31.68

82.46

Giant Clams

2.33

9.29

1.33

12.61

95.07

Feather
Worm

2.98

26.96

1.14

48.09

48.09

Diadema sp.

1.50

11.72

1.67

42.32

90.42

Diadema sp.

6.46

58.24

3.01

76.41

76.41

Feather
Worm

1.50

11.72

1.67

15.38

91.79

Diadema sp.

7.94

50.47

3.77

66.61

66.61

Feather
Worm

2.84

15.61

2.10

20.61

87.22

1.32

5.49

0.90

7.24

94.46

Sponge

Duster

Mean

Duster

Duster

Duster

Duster

Duster

The SIMPER analysis (Table 6.4 and Table 6.3) suggested that the variation in the
community composition assessments was caused by two species, long-spine sea urchins
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Transect 1

Transect 2

Transect 3

Transect 4

Transect 5

Transect 6

Figure 6.2: Two-dimensional Multidimensional Scaling (MDS) representation of
substrate communities sampled on each transect by participants in each experience category. Numbered points refer to individual participants and percentage
similarity between individuals is shown by coloured rings. 2D stress refers to
the fit of the data to the visualisation.
(Diadema sp.) and feather duster worms (Cliona sp.), irrespective of surveyor experience. These were also the most abundant species on each transect.
Subsequent analysis assessing the impact of the experience gained during this study
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Table 6.4: Species identified in SIMPER analysis as being the main causes of
change in detected communities between experience levels. SIMPER analysis
recorded similarity of 55.80%. All data were square root transformed.
Experience

Mean

Mean

Similarity Percentage

Group

Species

Khmer

Diadema sp.

3.93

32.66

1.97

58.54

58.54

Feather Duster
Worm

2.48

15.58

1.33

27.91

86.45

Giant Clams

1.21

4.45

0.62

7.97

94.42

Non

Diadema sp.

5.70

42.82

1.89

62.34

62.34

Experienced

Feather Duster
Worm

2.39

17.97

1.12

26.17

88.51

Volunteer

Giant Clams

1.38

7.23

0.89

10.52

99.03

Experienced

Diadema sp.

5.44

34.80

1.65

44.31

44.31

Volunteer

Feather Duster
Worm

3.49

21.71

1.95

27.65

71.96

Sponge

1.79

12.11

1.43

15.42

87.38

Giant Clams

1.80

9.33

0.94

11.89

99.27

Diadema sp.

5.47

43.88

2.33

50.19

50.19

Feather Duster
Worms

3.66

30.40

2.59

34.77

84.96

Giant Clams

1.69

10.78

1.09

12.33

97.29

Scientist

AbundanceSimilarity St. Dev.

Cumulative

Contribution Percentage

was conducted on survey accuracy, using the mean scores of participants in the Scientist experience category as a baseline (Figure 6.3). There was a decrease in variance in the non-experienced international volunteers and experienced international volunteers, while the Khmer volunteers showed increased variation in results compared
with the scientists baseline. Subsequent Spearman’s Rack correlations showed no significant relationship between the sum of residuals for participants in the Khmer and
non-experienced volunteer categories and the order in which surveys were conducted,
suggesting that the six surveys of experience did not lead to more accurate counts of
the five indicator species. However, a significant negative correlation was detected between the survey order and the sum of residuals in the experienced volunteer category
(rs = −0.886, n = 6, P = 0.019). This shows that there was less variation in the data
collected by the experienced volunteers and the mean scientist scores with increasing
survey experienced.
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Figure 6.3: Sum of residuals between participants of each experience group
and mean score of scientists, plotted against the order in which surveys were
conducted.

6.4

Discussion

There is a consensus that science has neither the manpower not the financial resources
to meet the demands that are being placed upon it (Hodgson, 1999; Foster-Smith and
Evans, 2003). Participatory monitoring aims to bring together conservationists and
members of the public to collect data about changes in nature (Staddon et al., 2014) and
past literature has suggested that involving local communities in monitoring programmes
could assist with the immense amounts of monitoring required to assess trends in natural
resources around the world (Sodhi et al., 2010; Danielsen et al., 2014). However, species
and habitat monitoring conducted by local communities has, in forest communities,
been assumed to yield the same results as data collected by scientists (Coleman and
Steed, 2009; Danielsen et al., 2014), but there has been little empirical testing of this
(Danielsen et al., 2014), particularly in coral reef environments. This study has shown
that, irrespective of experience groups, individuals can make different assessments of the
abundance of each indicator species within the survey area. Examination of the MDS
plots (Figure 6.2) indicated less variation in the non-experienced volunteer category,
which was not apparent with the local community members.
The PERMANOVA analysis (Table 6.2) was used to determine significant differences
between experience groups in terms of the counts made of the five indicator species
in each of the six study areas. Results varied between experience groups in terms
of the counts made of the five indicator species in each of the six study areas. Of
the 36 comparisons made, 25 showed no significant differences in the assessments of
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the five indicator species. However, this does not mean that the participants in each
group are collecting similar counts for each of the transects. The only comparison
which remained non-significant across all transects was the Khmer and non-experienced
volunteers. While this does not imply whether one group is more or less able than the
other, the results do indicate that there are no significant differences in the assessments
of indicators in each group, suggesting that it is the lack of experience in these two
groups causing the results rather than cultural background. Significant differences in
assessments made of the five indicator species between the other experience groups varied
across the six transects however, this was not consistent. It is possible that this variation
is a result of differences in the general health and composition of each of the study areas
(Table 6.1). Despite each of the surveys being conducted within a small area, there were
notable differences in the status of reef beneath each transect as shown in the substrate
summary (Table 6.1).
For the purposes of this study, it was not important for the survey sites to be similar in
terms of reef composition but these results suggest that surveyor ability may vary under
different reef conditions, particularly as the presence and absence of indicators may be
dependent on the underlying substrate. Such assumptions are reasonable in the context
of this study since some of the indicator species used here bore into the coral colony
(i.e. feather duster worms, giant clams and boring sponge) or graze on macro-algae (i.e.
long-spine sea urchin). As a result, there may be differences in the relative precision of
surveyors in areas that show higher or lower abundances of live coral, dead coral and
algae etc. Previous studies on surveyor accuracy have suggested that variables such as
depth can have an impact on surveyor performance (Mumby et al., 1995). As such,
it would also be wise to determine if other variables such as reef composition impact
surveyor ability.
While it has been understood for some time that data derived from locally-based monitoring typically demonstrates higher variance than professional studies (Léopold et al.,
2009), past studies assessing the survey accuracy and ability of volunteers conducting
marine surveys have used scientists or ‘experienced surveyors’ as a control (Mumby et al.,
1995; Darwall and Dulvy, 1996; Uychiaoco et al., 2005; Léopold et al., 2009; Goffredo
et al., 2010). This suggests that the data collected by scientists is generally considered
to be accurate. The variation in species count data collected by scientists suggests that
while more precise, there is no way to determine accuracy. The variation seen within
the scientist group (Table 6.2) suggests that the individual scientists are detecting different abundances of each of the indicator species. Therefore, assessing the accuracy of
any surveyors or techniques is difficult. One alternative would be to develop simulated
survey areas, which are constructed in such a way that the abundance of key indicators
is known. Conducting surveys in a simulated area such as this, which mimics a lab
environment would facilitate reliable studies of surveyor accuracy. This would also facilitate further research aimed at determining whether the indicator counts and subsequent

Chapter 6 Effectiveness of community and volunteer based coral reef monitoring in
Cambodia
131
community assessments made by individuals of different survey experience are accurate
and reliable enough to detect changes in marine systems over time and, similarly, which
indicators are most suitable.
Aspects of this and other studies dependent on data collected by scientists as an accurate
baseline may not be reliable; but certain assumptions about the accuracy of the data
collected by scientists were necessary for this analysis. In the absence of an accurate
and reliable baseline, it was necessary to consider the data collected by scientists as an
accurate assessment of each indicator species. This assumption has formed the basis of
a number of similar assessments determining the suitability of community members and
volunteers to collect marine survey data (Mumby et al., 1995; Uychiaoco et al., 2005;
Léopold et al., 2009). However, the results of the MDS analysis (Figure 6.2) show that
this is not necessarily the case. The clusterings of the scientist group markers suggests
increased precision within the group, but it is not possible to determine accuracy. At
present, there is no meaningful alternative to using scientist derived data in this manner,
but results from this and similar studies should be considered with the assumption in
mind. Subsequently, when considering the results of the effect of six surveys’ worth
of experience, it was also necessary to assume that the scientists’ abilities remained
constant throughout the six surveys.
When assessing the potential impact of six surveys worth of experience on surveyor accuracy, the lack of significant correlation between the participants in the two categories
with no experience. This, combined with the significant negative correlation showing
improvement in relative accuracy for the participants in the experienced volunteer category indicates that experience is a key factor in determining the success of individual
surveys. It is clear the six surveys’ worth of experience was not enough to provide accurate results; however, the underlying reasons could vary. Considering all participants
had a minimum of high-school level education and, aside from cultural distinctions, the
biggest difference between participants in the Khmer category and the other groups was
being taught to swim formally. Each of the international volunteers had enrolled on
a programme that involved learning to SCUBA diver and all scientists were already
certified divers and so met the swimming pre-requisites. Contrastingly, the Khmer participants had limited experience in the water, and had not received any formal training.
While the Khmer participants were able to swim and meet the safety requirements of
the study, there was a distinct difference in the apparent comfort in the water. In-water
comfort is a key factor in this analysis. Regardless of time taken to complete the transects, and both the number and duration of rest periods, conducting six surveys in a
single day can be tiring; particularly if spending extended periods in the water is new,
and this could explain the apparent decrease in survey ability in the Khmer group as
more surveys were conducted: exhaustion increases and subsequently participants may
not have been paying as much attention to what they were counting or were hurrying
to complete the task.
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For the international volunteers, those in the non-experienced category showed a small
improvement with experience. While this was not statistically significant, the data
suggests that improvement may continue to increase with experience, as seen with the
experienced volunteers. While the current study has not provided data on how long it
would take for the non-experienced international volunteers to gain beneficial experience,
conducting similar assessments throughout the training of new surveyors could indicate
whether current training programmes are sufficient to elicit reliable monitoring data
and, similarly, are appropriate for both international volunteers and local community
members. There may be a subsequent need to establish alternative, more culturallyand locally-adapted training programmes.
There are numerous studies suggesting that volunteers (Darwall and Dulvy, 1996; Thomas,
1996; Mumby and Harborne, 1999; Goffredo et al., 2010) and community members (Constantino et al., 2012; Danielsen et al., 2014) can gather the monitoring data which is the
same as professional scientists. However, a majority of these studies are based on work
conducted in the terrestrial biome. Marine studies have typically, shown greater variation in survey ability, particularly with reference to variables such as depth (Mumby
and Harborne, 1999) and duration of survey (Darwall and Dulvy, 1996). It is likely that
aspects of the variation seen in this and previous studies, are related to the inherent
difficulties with conducting surveys underwater, and as discussed above, the comfort
of surveyors, whatever their experience or academic qualification. Particularly when
undertaking new tasks.
The purpose of this study was not to design a new programme for monitoring coral reef
resources, but does suggest traits of techniques, individuals and indicators which can be
developed further, with the aim of developing a set of appropriate methodologies. While
this analysis represents an initial assessment of potential of community and volunteer
based monitoring (and there is much more to be done) it does offer the opportunity to
assess and fine-tune the techniques and indicators used before continuing to establish
their overall suitability and potential. The indicators selected in this study were chosen
primarily for their ease of recognition, their acceptance as regionally specific coral reef
stress indicators (Risk et al., 2001), and their diurnally sedentary nature. The latter of
these requirements was necessary to ensure that individual organisms did not move out
of the survey area between surveys and subsequently lead to inaccuracies and biases.
However, for the purposes of on-going studies and assessing the health of coral reefs,
this is not a requirement. What is important is that surveyors are able to recognise
the species in question and, that recognition is not dependent on extensive training or
experience.
Likewise, this study did not aim to determine the suitability of these indicators for
detecting change in coral reef environments. However, it was important to have a justification for indicator selection in order for participants to understand the change in
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marine communities and the reasons behind what they are being asked to do. The results from the SIMPER analysis showed that typically three of the five indicator species
used were responsible for the variation in species counts both between experience groups
(Table 6.4) and between transects (Table 6.3). Feather duster worms and long-spine sea
urchins were shown to consistently affect results, with occasional differences also being attributed to counts of giant clams. Both feather duster worms and long-spine sea
urchins were the most abundant in the study when considering the mean scientist data.
It is possible that the variation in species counts across all participants could be as a
result of the high abundance, leading to a natural difference in numbers because of the
way each participant counts. However, in the case of the feather duster worms are a
boring species of worm, which embed themselves into the body of a coral, and exude
feathery protrusions external to the coral in order to feed. The worm is able to retract these parts if threatened and will often do so in response to disturbance in the
water. While all participants were shown photographic examples of the worms, both
with the feathery protrusions extended and retracted, in the latter case it is much more
difficult to detect the presence of individuals. Therefore, it is possible that observers
miss-counted the abundance of this species; there is also the risk that due to reduced
comfort in the water, and associated splashing, that the feather duster worms retracted
in the presence of surveyors, further complicating accurate presence/absence and abundance assessments. Similarly, while long-spine sea urchins are typically more active at
night, there is a certain amount of variance in this behaviour between certain species
(Tuya et al., 2004). As such, there is the possibility that some individuals moved in
and out of survey areas during the day, which could cause difficulties and biases in the
accurate assessment of the abundance.
Conducting more technical assessments is economically and logistically very complex
in rural environments, particularly in developing countries such as Cambodia. This is
due primarily to a lack of expertise and infrastructure to enable such analyses. Locallybased monitoring schemes can help bridge this gap, reinforcing existing communitybased resource management programmes and fostering changes in the attitudes of local
communities towards more sustainable environmental resource management (Danielsen
et al., 2005).
The results of this study suggest that surveyor precision increases with experience of
marine surveys, but assessing accuracy was outside its scope. As discussed previously,
this could be conducted through the development of simulated survey areas mimicking
lab-based studies. A similar approach could also be used to determine the potential
impact of reef composition (with regards to the abundance and percentage cover of key
substrate groups) on the accuracy and precision of surveyors, in addition to the impact of
specific indicator species, and any life-history or behavioural traits which may encourage
biases in abundance assessments.
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Considerations for future monitoring programmes looking to involve community members or volunteers should consider the comfort and confidence of surveyors in the water. Using snorkelling equipment requires practice, particularly in areas with waves and
currents. This can make conducting marine surveys difficult for those with limited experience. In some situations, it may also be necessary to provide swimming training, to
build comfort in the water, especially if members of the community will be conducting
surveys unsupervised. Therefore, it is important to assess the needs to the communities
and individuals conducting the surveys prior to establishing monitoring programmes.
Similarly, prospective participants should be trained and assessed on their species identification and survey skills, carrying a pass mark appropriate to the level of training and
requirements of the monitoring programmes. Similarly, prospective participants should
be trained and assessed on their species identification and survey skills, carrying a pass
mark appropriate to the level of training and requirements of the monitoring programme.
This could be difficult to enforce within some volunteer programmes, due to a lack of
experience and knowledge of on-the-ground staff but training and assessment prior to
data collection should be encouraged and supported.
The appropriate selection of indicator species is also a key consideration and may vary
from site to site. This will depend on the needs of different management and monitoring
programmes, the equipment available and the skills and knowledge of those collecting
the data and conducting any necessary training. The results from this study highlight
how important it is for indicator species to be easily recognisable, but to also consider
the ecological traits of the species involved, as certain behaviours may lead them to be
harder to identify, and therefore effect the relative accuracy of abundance assessments.
Further investigation of the effects seen in the SIMPER analysis is essential to inform
the correct assignment of indicators for research programmes and should incorporate
the development of survey areas where the abundance of key indicators is known prior
to surveys. While indicators where assigned to this programme based on their ease of
identification and regional presence, care must be taken to adopt appropriate indicators
to projects which are capable of informing both research and management questions,
particularly when using less experienced surveyor (Soule and Kleppel, 1988) and including more indicator species. The selection of future indicator species should be made
carefully, which considerations for the ease of identification, robust scientific knowledge
on the species and geographic distribution (Hodgson, 1999). However, previous research
has concluded that, in order to support long-term, locally-based monitoring efforts, it is
necessary to maintain simplicity and local relevance wherever possible (Danielsen et al.,
2005). As such, it would also be beneficial to integrate knowledge on the behaviour of
each indicator species.
Furthermore, effort should be made to disseminate the findings to members of the local
communities (Uychiaoco et al., 2005). Involving community members in the collection
of data could facilitate effective communication of findings, especially in areas of low
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literacy, and limited understanding of scientific principles. It may also help to foster
effective conservation decision making through capacity building, increased environmental education, and trust between scientists, policy makers and local resource dependent
communities (Mascia, 2001). It has also been suggested that community-based monitoring programmes have the ability to empower local community members while also
supporting conservation efforts (Constantino et al., 2012).

Chapter 7

Discussion
Protected areas were originally conceived to conserve iconic landscapes and wildlife.
However, such areas are now expected to achieve a diverse set of economic, social and
economic objectives (Watson et al., 2014). The scale of human uses of the oceans has
transformed marine habitats and populations with impacts on both ecosystem structure
and function (Halpern et al., 2008; Fox et al., 2012). The decision to use protected
areas as a core conservation strategy appears to be well justified, with a number of
recent reviews stating that, most of the time, well-managed protected areas have the
potential to reduce habitat loss in both terrestrial (Joppa and Pfaff, 2010; Geldmann
et al., 2013) and marine environments (Micheli and Niccolini, 2013; Edgar et al., 2014;
Watson et al., 2014). While the research conducted to date provides valuable insights
into how best to meet the 2020 CBD target of “effectively and equitably managed
ecologically representative and well connected systems of protected areas” (Toropova
et al., 2010; Fox et al., 2012), there are still knowledge gaps hindering this objective.
This thesis comprises of a number of different studies which collectively aimed to fill gaps
in the knowledge, surrounding the best way to effectively manage coral reef resources in
developing countries, in this case, Cambodia.

7.1

Chapter Overview

The general premise of this thesis was to consider the timeline of establishment for
an MPA and to fill some of the knowledge gaps surrounding their implementation,
management and monitoring in developing countries such as Cambodia. The identified
research areas related to:

• The need for site-specific, up-to-date for the area, prior to the establishment of
management, rules and regulations;
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• Consideration of the natural cycles of change within a system, incorporating the
data of past studies to determine the resilience of the system;
• Assessing the perceptions of resource-dependent community members on different forms of marine management, identifying the threats and obstacles to their
implementation and success;
• Exploring the possibilities of using local community members and international
volunteers to collect coral reef health data to facilitate ongoing monitoring, the
detection of change in systems and improve knowledge for adaptative management

Figure 7.1 summarises the key findings of this research, in addition to the chapter by
chapter summaries detailed below.

Chapter  One
Introduction   and  Literature  
Review  
• Highlighted  gaps  in  current  
knowledge
• Identified  aims  and    
objectives

Coral  reef  health  in  an  unprotected  
Cambodian  Archipelago

Chapter  Two

Appendix  1  
Abundance   and  diversity   of  marine   flora  and  
fauna  of  protected   and  unprotected   reefs   of  
the  Koh Rong Archipelago,   Cambodia
Aim: Impact  of  protection  on  fish,  invertebrate  and  
substrate  assemblages

Outputs:  Submitted  to:  O cean  and  Coastal  
Management.  
Oral  Presentation  at:  BeCOME 2015,  Hong  Kong

Baseline  
Assessment  of  
Reef  Health

Reef  Health  in  
Unprotected  Areas

Chapter  Three  
A  baseline  assessment  of  the  Koh Sdach
Archipelago
Aim:  Establish  extent  and  c urrent  s tatus  of  c oral  
reefs  in  the  Koh Sdach Archipelago
Main  Findings:  
• Established  the  abundance  and  diversity  of  k ey  
flora  and  fauna.
• Developed  an  up-to-date  baseline  of  c oral  r eef  
health  for  use  in  management  plans.
Outputs: Published  as,  Savage  et  al.,  ( 2014).
Used  to  develop  s ite  s pecific  management  plans  for  
the  Koh  Sdach  Archipelago.

Aim: Compare  the  abilities  of  coral  r eef  s urveyors  to  
assess  benthic  indicators.
Main  Findings:
• Precision  increased  and  v ariation  decreased  with  
increasing  experience.
• Potential  for  c ommunity  and  v olunteer  monitoring
Outputs: Accepted  by:  Aquatic  Conservation:  Marine  
and  Freshwater  Ecosystems,  Savage  et  al.,  ( in  
press).
Poster  Presentation  at:  BeCOME 2015,  Hong  Kong

Community  
Perceptions  of  
Management

Community-based  
Coral  Reef  
Monitoring

Chapter  Five  
Assessing  community  perceptions  of  
marine  management  strategies  in  
Cambodia

Aim: Assess  c ommunity  perceptions  of  marine  
management  s trategies  in  Cambodia

Main  Findings:
• Main  threats  to  management  s uccess  are  r isks  of  
illegal  fishermen  and  c orruption.
• Main  obstacles  to  implementation  is  
communication
• General  lack  of  trust  in  G overnmental  bodies  in  
areas  with  low  interaction  between  officials  and  
communities.  

Figure 7.1: Thesis outline displayed as timeline of MPA implementation, updated with key findings and outputs of this research
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Main  Findings:  
• No  detectable  c hange  in  reef  health  over  s ix  y ears  
of  protection
• Reef  Check  s ubstrate  s urvey  detected  higher  
species  diversity  that  photo-quadrats.  
Outputs:  Published  in  2013,  Savage  et  al., (2013)

Effectiveness  of  community  and  volunteer  
based  coral  reef  monitoring   in  Cambodia

Aim: Assess  the  c hange  in  fish,  invertebrate  and  
substrate  c ommunities  over  10  y ears  with  no  marine  
protection
Main  Findings:
• General  improvement  in  r eef  health,  r ecovery  is  
possible  in  the  absence  of  management.
• Tourism  r isk  and    benefits  of  c ultural  protection

Methods  for  Monitoring  
Coral  Reef  Resources
• Outlines  coral  reef  
indicators  assessed
• Describes  survey  
techniques  used

Efficacy  of  
existing  MPAs

Chapter  Six  

Chapter 7 Discussion

Chapter  Four  
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7.1.1

Chapter 7 Discussion

Chapter 3: A baseline assessment of the Koh Sdach Archipelago

This chapter provided an updated baseline data set for the Koh Sdach Archipelago,
following the work of Chou et al. (2002, 2003). The data collected around the Koh
Sdach Archipelago developed on previous studies, through an increase in the number of
surveys conducted around each island in the archipelago and used a more comprehensive
list of indicator species, facilitating diversity analyses.
Previous research included both the past work in the Koh Sdach Archieplago (Chou
et al., 2002, 2003), plus additional more recent assessments of reef health conducted in
the nearby Koh Rong Archipelago since 2010 (?Leng, 2013; Savage et al., 2013; Ret,
2013; Boon et al., 2014; Thorne et al., 2015). The data used in the initial 2002 reef
assessments of Koh Sdach used a list of indicator species which was targeted to the aims
and objectives of the study, to determine the tourism potential of the area. As a result,
there was a need to expand on both the techniques and indicators used for this analysis.
However, there were still inherent limitations to the way the study was conducted. Study
sites were identified through separating each island in the archipelago into a series of
segments, with the number of segments determined by the size of each island. This lead
to individual surveys acting as replicates for the island-by-island analysis used to survey
the archipelago. However, it would have been more suitable to conduct replicates within
each segment to allow more detailed analysis of individual island and to facilitate more
accurate analysis in the future when attempting to discern change over time. This may
also have enabled more accurate depth analysis, when looking at the health of the reefs.
While much of the Koh Sdach Archipelago is relatively shallow (<10 m) there are areas,
particularly around Koh Andech and Koh Chan which are slightly deeper. Conducting
multiple surveys in each segment would have facilitated this form of analysis (Hill and
Wilkinson, 2004; Hodgson et al., 2004).
Following this study, survey methodologies and indicators were modified and adapted
for the on-going monitoring of the area. This included conducting multiple surveys
within each segment, and also included more detailed analysis of reef health. This was
applied through increasing resolution on substrate surveys, rugosity transects to assess
habitat complexity (Hill and Wilkinson, 2004) and analysis of human impacts on reefs.
However, this analysis was not fully completed in time to be included within my thesis.

7.1.2

Chapter 4: Coral reef health in an unprotected Cambodian
archipelago

Overall, this study suggests that reef recovery is possible without external environmental
management programmes and highlights the importance of considering natural cycles
of recovery when designing management plans, so that improvements in reef health are

Chapter 7 Discussion

141

not incorrectly attributed to management efforts. Without this, there is a risk that
changes in communities, as part of an ecosystems natural cycle of recovery, could be
inadvertently misrepresented as benefits resulting from marine management.
However, there are some limitations of this study which need to be considered in collaboration with the findings. Firstly, the need to compare data sets collected using different
methodologies, indicators and survey teams made it difficult to interpret some of the
results. For example, it was unclear whether surveyors from the National University of
Singapore were recording bleached coral as dead coral. This is an important distinction
considering the potential of the 1997-1998 El Niño as a cause for the poor reef health
described by the 2002 data (Eakin et al., 2009). If this was the case, then it could
help to explain the dramatic recovery of some reefs, particularly in Koh Ampul, but is
impossible to discern accurately given the age of the data.
Similarly, issues with the small number of matched survey sites, and the means of matching sites made it difficult to draw conclusions from the data, and as a result, it is not
really possible to validate their applicability in other areas. However, this study does
highlight potentially interesting trades in coral reef health and recovery from disturbance
in unprotected areas. It would now be valuable to assess how reef health changes in Koh
Sdach once it has been protected for a number of years. As a result, it would be interesting to see if there are long-term data sets available for any other unprotected coral
reef areas, and whether the trends detected in Koh Sdach can also be found elsewhere.
This is particularly important given the evident increase in strength of recent El Niño
events (Eakin et al., 2009), and the risks the associated rises in sea surface temperatures
pose to coral reef habitats throughout the tropics.
Further analysis establishing the potential impacts other causes of disturbance and declines in reef health would also be worth establishing. For example, disturbance related
to the physical impacts of human and tourism related damage, eutrophication or ocean
acidification may yield different patterns of recovery (Bellwood et al., 2004), which may
be altered by the presence or absence of marine management programmes.

7.1.3

Chapter 5: Assessing community perceptions of marine management strategies in Cambodia

This study aimed to establish the perceptions of local community members towards
marine management strategies in three small communities in coastal Cambodia. While
this study provided valuable information on attitudes towards marine management,
there were some fundamental issues which limited the efficacy of the study. Primarily,
this related to the number of participants interviewed in each village. Particularly
Trapaeng Sangke. This was the first village visited, and due to logistical constraints,
it was only possible to visit for a short time. While it was always known that time in
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Trapaeng Sangke would be limited, the scope of the project changed somewhat during
the collection and subsequent analysis of interview data.
The initial concept was to compare perceptions of management strategies in Koh Rong
and Koh Sdach, using the data from Trapaeng Sangke as a supplementary case study.
This case study was intended to offer an alternative perspective from an established
marine management programme in coastal Cambodia. However, during the interview
process, it became clear that the socio-economic and governance principles at play in
the area were more complex, and contributed to the aims and objectives of both this
project, and my overall research.
For this reason, the scope of the project was then expanded to more comprehensively
integrate the analysis conducted in Trapaeng Sangke. However, it was not possible to
return to Trapaeng Sangke to conduct additional interviews. As a result, data from all
three villages were integrated into the study, with the understanding that any conclusions
relating to the community perceptions of villagers in Trapaeng Sangke would need to be
interpreted very carefully.
One option would have been to collect additional data on the perceptions of community
members across each of the villages may have been to supplement interview data with
questionnaires. These questionnaires could then have been aimed towards collecting
less detailed, quantitative data on management perceptions from more members of each
community. This method was initially disregarded owing to a lack of information of
literacy levels within each community, and any potential associated bases. However,
considering the issues which subsequently arose as a result of the chosen method and
direction taken during the research project, questionnaires may have been a viable alternative. For future research, attempts should be made to minimise time restrictions
where possible, and consider the use of questionnaires and/or focus groups. Either of
these methods may have been sufficient to increase the number of participants in this
study, and therefore make the conclusions drawn, broadly more robust and applicable.

7.1.4

Chapter 6: Effectiveness of community and volunteer based coral
reef monitoring in Cambodia

A limited number of studies have assessed the application of volunteer based coral reef
monitoring, and even fewer have considered monitoring conducted by members of local
resource-dependent communities. This analysis represented the first direct comparison
of coral reef survey data collected by local community members, trained and untrained
volunteers, and scientists.
This study was initially designed to be a preliminary study, and as a result, it was understood throughout the experiment that the world would probably generate more questions
than it could reasonably answer. The results of this study, are in accordance with other
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similar studies conducted in both marine and terrestrial environments (Mumby et al.,
1995; Léopold et al., 2009; Goffredo et al., 2010) One of the fundamental issues with
the data collected in this comparative assessment was the large amount of variablity in
abundance estimates of each of the five indicator species. This could have been mitigated
by including a greater number of participants in each surveyor category. However, doing
so would have complicated other aspects of the experimental design. Owing to one of
the indicator species used (the long-spine sea urchin (Diadema sp.)), it was important
that all surveys were conducted within a single day (Tuya et al., 2004). This was as
a result of the risk of the abundance of the nocturnally active species, found within
each belt transect, changing over night. For future studies it may be prudent to exclude
any motile species as an indicator. This would provide more time to include additional
participants, which may help reduce some of the variation and error within data sets.
Another alternative may have been to increase the number of transects each participant
assessed. However, this was not considered possible due to the physical abilities of the
surveyors. As discussed in the study, after six surveys, participants were starting to
show signs of exhaustion. As a result, I did not believe that it would have been safe or
fair to ask participants to conduct any further surveys.
Therefore, the only alternative would have been to alter the scale of the study, and to
conduct multiple sets of transects over multiple days. There are many potential benefits
here. It could allow assessments of how survey abilities change and develop over longer
periods of time, and across different habitat and substrate types (Mumby and Harborne,
1999). The scope of future studies should also address whether it is necessary to use
the same participants across the whole analysis, or alternatively, change the surveyors
each time. This would, in the case of the former support either more detailed analysis of
changes in ability over time. Alternatively, in the latter case, would provide a broader
understanding of the abilities of trained and untrained survey volunteers.
Additionally, the findings of this study could have been improved through collecting
both quantitative and qualitative information on the perceptions of participants. This
could including questions relating to how easy or difficult they found the task. Whether
they felt that this changed over time. It may also be possible to ascertain levels of enjoyment and/or fatigue. This is important, because past research has shown the abilities
of locally-based monitoring schemes to build capacity and foster trust in management
programmes within local communities (Soule and Kleppel, 1988; Danielsen et al., 2005).
However, positive impacts are likely to be hindered if participants are struggling to
complete the surveys.
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Implications of this research

The findings and subsequent implications of this research are diverse. In order to communicate these findings, I have organised them under the four headings (Implications
for: knowledge, society, people and the economy) proposed by EPSRC for the analysis
of research outputs. The interactions between each of these findings is then summarised
in Figure 7.2.

7.2.1

Implications for Knowledge

This thesis has provided both new knowledge and new techniques. There is understanding of the need for baseline data against which to judge the efficacy of conservation
efforts (Magurran et al., 2010). The findings of this research provide new knowledge related both to Cambodian coral reefs, their extent, health, management and governance,
and also the way in which they are monitored.
Chapter four also demonstrated a new way of analysing coral reef substrate data collected using two different techniques. Line intercept and line point transects are widely
used means of assessing the percentage cover of different substrate types and are used
in two of the largest global coral reef monitoring programmes, GCRMN and Reef Check
(Hill and Wilkinson, 2004; Hodgson et al., 2006). Developing a means of comparing the
data collected using these two techniques allowed a more reliable and comprehensive
analysis of substrate data collected using the two different methods in 2001 and 2013
and could also be used to conduct similar analysis either from different time periods
or locations. This could therefore facilitate more studies across wide temporal or spatial scales, incorporating existing data and reducing the economic costs of conducting
scientific studies (Hawkins et al., 2013).
Another key finding was the potential of participatory monitoring programmes to provide
data for the management of marine protected areas. This had already been determined
for terrestrial ecosystems such as forests (Constantino et al., 2012; Funder et al., 2013;
Danielsen et al., 2014). Studies into the potential for participatory monitoring in marine
systems was much more limited. While the findings of this study were not exhaustive,
this work provides a starting point from which to continue to assess the potential for
both international volunteers and community members to get involved in the collection
of marine health data. This could also have beneficial impacts on the inclusivity of local
communities into the management of marine protected areas, increasing capacity and
compliance (Mascia, 2001).
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Figure 7.2: Interactions between key findings of this research

Chapter	
  4
New	
  means	
  
of	
  analysing
data

146

7.2.2

Chapter 7 Discussion

Implications for Society

One societal benefit of this research was the opportunity for an increase in communication, facilitating the flow of knowledge and understanding between villages involved in
the studies. As a result of this work, connections were made between the community
and both scientists and volunteer organisations, supporting the flow of knowledge in
both directions. Firstly from researchers into the community, and secondly, allowing the
integration of local knowledge into research. While this was beneficial for the purpose
of the work in Chapter five, these benefits extended further. This study opened lines of
communication between the leaders and committee members of both Trapaeng Sangke
and Koh Sdach, whereby the Koh Sdach management team were able to learn more
directly from the lessons learned during the establishment of the Trapaeng Sangke CFi.
The findings of the baseline study of the Koh Sdach Archipelago were used by members
of the local community in order to define the boundaries for their protected area, and also
to help identify specific species which may require protection from harvesting. During
planning meetings, members of the CFi group of founders and the CFi showed great
interest in the abundance data collected for certain key species. Integration of this
information into the planning stages of the CFi assisted with the development of more
site-specific rules and regulations. There was also recognition from those involved, that
ongoing monitoring would allow them to adapt their management plans to suit changes
within the ecosystem.
Chapter four also highlighted areas for future consideration, such as risk of tourismrelated degradation (Wong, 1998), benefits of cultural protection and subsequently the
potential benefits of incorporating no-take zones into management plans. Prior to this
research, the CFi leader in Koh Sdach was interested in integrating no-take zones into
their management plans. However, it is as yet unclear as to what implementing notake zones would involve, the potential benefits and impacts on the local community.
This resulted in discussion about the findings of Chapter four, and how Ghost Island
had essentially been acting as a no-take zone for the last few decades, and had also
experienced good rates of recovery from past disturbance when compared with other reefs
in the Archipelago. However, although discussions did clarify that additional studies
and monitoring would be necessary in order to definitively determine any impacts, the
currenty monitoring data provided enough information for the CFi committee to decide
that integrating no-take zones into the management plans for the archipelago could be
beneficial.
Investigation into the socio-economic impacts of MPAs in Cambodia also provided new
knowledge and information. Aside from the key findings of the study discussed previously, discussions with various members of three different communities facilitated knowledge transfer between individuals both within and between different communities. This
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was particularly evident in both Prek Svay and Koh Rong. In Prek Svay, the understanding of differing levels of awareness surrounding conservation initiatives within the
village demonstrated the need for additional communication between the CFi committee, the community and members of the MFMA development team. Similarly, in Koh
Sdach the CFi committee were of the opinion that the whole community were aware of
the development of management plans. However, conducting this study indicated that
there were a number of individuals who were not correctly informed, which could have
negative impacts on the overall success of the programme (Rife et al., 2012). Potential
future conflicts were also highlighted between the Cambodian and Thai sectors of the
community. This information showed that additional community engagement will be
necessary to ensure the long-term efficacy of the CFi in Koh Sdach.

7.2.3

Implications for People

People have been at the heart of much of this research and the interactions between
people and their local environment have triggered a number of the research questions
that this work aimed to answer. The outcomes of this research have supported local
resource dependent communities in a number of ways. Primarily, conducting the ecological aspects of this research involved in Chapter three and Chapter four provided
an up to date indication on the health of the coral reefs surrounding the Koh Sdach
Archipelago. This knowledge helped the local management systems to develop management plans which suited the local area, particularly when deciding on the boundaries
of the CFi and selecting which species should receive stricter rules on harvesting, such
as seahorses, and other species more at risk of over-harvesting due to popularity within
the Chinese medicine market (Nijman, 2010).
Additional benefits of this research to the local communities in Koh Sdach relate to the
application of community based monitoring programmes and the related skills learned by
certain members of the community. This was the first study conducted in Cambodia to
actively train and involve members of the local communities in the collection of marine
resource data. Following this initial study, there was expression of interest within the
community and, more specifically, the management committee for the CFi, for additional
support and training to continue such a programme. This is currently under way with
support from Projects Abroad, an organisation bringing international volunteers to the
archipelago for eco-tourism and conservation projects.

7.2.4

Economic Implications

Assessing any economic implications of marine management systems was not within the
scope of this research but certain findings do have a basis in the economy of small coastal
communities. Firstly, this work found that effective marine management can potentially
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lead to an increase in income for individuals, as seen in Trapaeng Sangke. This increased
income then filtered through the community, supporting aspects of community wellbeing,
such as improved access and provision for healthcare and education.
However, there are also economic considerations based on the findings of the potential
impacts of tourism on the health of the marine environment. While the results in
Chapter four are not definitive, there was evidence of decline in coral reef health in Koh
Totang. This may have occurred as a result of a number of variables but the results
suggest that additional investigation and clarification of the risks of tourism may be
necessary. Considering the recent increases in tourism in Cambodia (pers. obs.), it is
likely that tourism will increase in Koh Sdach and, as such, there may be an increase
in the risk of damage (Wong, 1998). Therefore, while tourism may bring increased
financial benefits to the area, it will be important to consider the ongoing environmental
health of the coral reefs and other marine habitats in the archipelago, and as such,
attempts to manage or mitigate damage are important. This highlights the need for
continued monitoring of marine resources, both through the development of the coastal
infrastructure required for tourism, and the ongoing risks and impacts associated with
tourism such as increased waste (litter and sewage) and potential direct damage to coral
reefs associated with tourists snorkelling and SCUBA diving (Wong, 1998).

7.3

Recommendations

Tropical habitats such as coral reefs and associated fisheries are unlikely to survive
without effective protection (Bruner et al., 2001) and some claim that, in the context
of increasing human pressures and development needs, protected areas are unable to
conserve the biological resources within their borders (Ghimire and Pimbert, 1997).
Under-resourcing has been cited as the primary reason for poor performance in the effectiveness of protected areas (Watson et al., 2014), especially in the developing world.
(Bruner et al., 2001). In 2003, less than 6% of the countries reporting to the CBD indicated that the allotted resources for the management of protected areas was adequate,
and it is unlikely that given the current economic climate that protected area provisioning has improved substantially in the years since (Watson et al., 2014). This was evident
within my research, with a number of individuals stating that the resources available for
their conservation efforts were insufficient. Particularly in Koh Sdach, where there were
no funds or support available for the establishment and management of the CFi. Despite
the CFi having been established for a number of months at the time of the study, the
management committee and leader were reluctant to tell the community, as there was
no means of effectively communicating or enforcing the new regulations.
International targets for the protection of the environment, such as the CBD, mean
that governments worldwide have been, and still are, obligated to “significantly reduce
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the rate of biodiversity loss by 2020” (Toropova et al., 2010). However, it is clear
that this objective has not been met (Butchart et al., 2010; Danielsen et al., 2010;
Jones et al., 2011). As a result, this deadline was extended to 2020 (De Santo, 2013).
More importantly, the current targets for the protection of the marine environment are
unrealistic (Wood et al., 2008), considering both the lack of allocated resources (Bruner
et al., 2001) and the vast amount of area to be protected (De Santo, 2013). Protecting
10% of the worlds oceans (360km2 ), to meet the current CBD started, will require a
huge effort over the next four years. Particularly in countries like Cambodia, where
the impacts of unsustainable fishing practices are well-known, but efforts to protected
against, and mitigate those threats are in their infancy.
Past studies, and the findings of this research suggest that the integration of local communities into the management of marine resources may be a solution to the issues
of increasing efficacy within marine conservation, and conservation efforts in general
(Bartlett et al., 2009; McClanahan et al., 2006). However, fundamentally this research
shows that local communities need additional time, resources, and support from national
governments. This relates not only to the practical governance and management of such
conservation areas, as discussed in chapter five, but also the ongoing monitoring of the
management systems too.
If local communities are to be responsible for establishing effective protection mechanisms and management strategies, particularly in developing countries, there needs to
be the understanding that it will take time to build capacity within those communities.
More time than is currently allowed by the CBD deadline. Therefore I propose that the
format of the current protected area targets be adjusted to address this issue. Moving
from a single area target with a single deadline, to a more adaptive and progressive
system. For example, and incremental 5% area target which increase per decade until
2050.
The support and training required to build capacity within communities implementing
marine conservation strategies, from both a governance and monitoring perspective, will
take time. More time than is currently available. Therefore, imposing smaller, and more
achievable targets over a longer period of time may make those targets more attainable,
and as a result, more sustainable. This proposal could be considered too slow in order
to “...significantly reduce the rate of biodiversity loss” required by the current CBD
target (Jones et al., 2011). However, it is arguably more efficient to implement marine
management strategies which are appropriately provisioned and considered effective,
before scaling-up efforts to meet international protection targets.
Considering that a lack of resources is considered the primary reason for protected area
failure (Bruner et al., 2001; Watson et al., 2014) it would also be worth considering
addressing the format of current conservation targets. For example, implementing targets based on conservation ‘inputs’ in addition to the more commonly used ‘output’
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targets. This could involve requiring countries to commit a given amount of resources
(be it financial, time or knowledge) to support the conservation efforts associated with
the implementation of internationally imposed conservation targets.
This may help to mitigate the identified issues surrounding a lack of appropriate provisioning for conservation projects (Mora et al., 2006; Yasue et al., 2010). However,
this may be difficult in developing countries and, as a result, would also require additional commitments within international communities to assist with the provisioning
of resources into less developed countries needing additional help or support to meet
with input or output targets. This may be a difficult concept to establish and enforce.
However, used in collaboration with the incremental target strategy discussed above, it
may be possible that the costs of ‘inputs’, at least initially will be more manageable.
There are many inherent difficulties associated associated with both marine conservation targets, and making any recommendations to improve such efforts, particularly on
international scales. The evidence found during this work in Cambodia, surrounding
the lack of legitimacy of community-based marine protected areas makes it incredibly
difficult for communities to trust national governments, and this has impacts on both
the amount of habitat protected and the subsequent efficacy of that protection.
Therefore, it would be beneficial for the focus to be switched from meeting political targets aimed at protecting a given percentage of the worlds oceans, to conservation targets
based on the efficacy of such measures. Such a change in political targets could encourage national governments to incorporate assessment of the efficacy of their imposed
MPAs. In the hope of encouraging them to more appropriately support conservation
efforts aimed a protecting marine habitats effectively.
The efficacy of protected areas is fundamentally embedded in the definition for the
CBD target, and while there is understanding of the need for efficacy within scientific
circles (Bartlett et al., 2009; Setiawan et al., 2012; ?), there is an increasing number of
large-scale MPAs being estalbished (Sheppard et al., 2012; Spalding and Hale, 2016),
and there is no global overview of how effective MPAs actually are (Spalding and Hale,
2016). Past studies have mostly assessed MPA effectiveness across local and regional
scales (Burke et al., 2011; Edgar et al., 2014). This lack of global knowledge may also
be inadvertently impacting the way MPAs are created. One cause of this lack of global
knowledge, may be the fact that no two MPAs are the same, and therefore cannot be
assessed for efficacy in the same way. Future research should therefore also consider the
best way to effectively assess and compare MPA effectiveness on a global scale.
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Future work

In addition to the recommendations discussed above, the findings of this research have
highlighted numerous areas for further study including, but not limited to: the risks
of tourism, potential increased resilience in long-term no-take zones, the applications of
community and volunteer based monitoring programmes and the application of studies
in unprotected areas to assess natural cycles of change within coral reefs and other
habitats. However, one aspect of the implementation of marine management strategies
which has not been included in this work is reserve design. Numerical optimisation tools
such as MARXAN and Zonation (Moilanen and Wilson, 2009) have been developed as
decision making tools (Boon et al., 2014) to aid in the computer based design and
optimisation of MPAs. MARXAN with Zones has previously been used to develop a
zonation based marine management plan for the Koh Rong Archipelago, Cambodia (as
described in Boon et al. (2014)), to support the development of the MFMA. However,
the MFMA designs developed using MARXAN and the subsequent analysis did not
incorporate any aspects of community satisfaction. As a result, there is no understanding
of the potential impacts of a computer based management plan, in place of what would
have, in the absence of computer based methods, more likely been conducted through
collaborations with local community members. For this reason it is necessary to scope the
potential impacts of computer based MPA design on the local communities dependent
on the resources that the MPA is designed to protect and, also to determine how the
computer derived plans compare with local management plans, developed by community
members. I therefore propose to conduct additional work with the Koh Sdach community
to determine the applicability and community acceptance of such computer aided design
methods.
A computer based MPA design will be developed for the Koh Sdach Archipelago using
MARXAN and Zonation, to provide an algorithm-based “optimum” design for the area
and the relevant conservation targets. This management plan will then be directly
compared with the management plan and zonation plan designed by members of the
local community. Finally the computer based designs will be presented to members
of the local community, in order to determine the potential suitability of using such
techniques in a developing resource-dependent community.
The opinions of the local community on the similarities, differences, advantages and disadvantages of each design will be assessed using a range of engagement techniques such
as focus groups, interviews and questionnaires. Analysis could also incorporate several
‘dummy’ examples with varying degrees of rules and regulations to determine the applicability and limits of such management programmes within the community. This study
would provide the first ‘ground-truthing’ of computer based MPA design. It will also
provide invaluable knowledge about how best to design MPAs in developing countries,

152

Chapter 7 Discussion

and address the question, will communities accept these computer based management
plans, and abide by the associated rules and regulations?
This work will be of importance to those working in MPA design, particularly in developing countries. As such I aim to publish the findings of this study in an appropriate
international conservation journal.

7.5

Conclusions

This thesis has provided key information on the current extent and health of coral reefs
in the Koh Sdach Archipelago, and identified changes in the health of those reefs between
2002 and 2013 in the absence of marine management. The socio-economic impacts of
the current management programmes used to protect the Cambodian coastal zone were
examined, and identified the perceptions of community members relating to governance,
change and threats surrounding Cambodian marine management. This work highlighted
issues relating to the effective governance of areas at multiple institutional levels, stressing the need for increased governmental support and communication within and between
management organisations. Finally, the suitability of volunteer and community-based
coral reef monitoring was assessed. Despite only being a preliminary study into the potential applications of such systems, the results suggested that the use of both volunteers
and community members in the collection of coral reef health data could contribute to
the current deficit in monitoring data.
Additionally, this research has assisted in a practical manner, on-the-ground in Cambodian fishing villages, providing the monitoring data required to design site-specific
management programmes. Key issues were also detected and brought to the attention
of management teams, for example the need for broader community engagement and
more effective communication within and between institutions.
Fundamentally, this work has also indicated key areas for future attention including determining the importance of site-specific data in the development of management plans
and the potential of cultural protected areas to act as habitat protection. In addition
to highlighting key difficulties and challenges in the design, implementation, monitoring and management of MPAs in Cambodia. The research findings, and subsequent
recommendations included in this thesis, aim to aid the development of effective and
sustainable long-term marine protection initiatives.
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Appendix One: Abundance and
diversity of marine flora and
fauna of protected and
unprotected reefs of the Koh
Rong Archipelago, Cambodia
The following chapter was initially submitted as a Thesis for submission for a the
degree Master of Science, Biodiversity and Conservation in 2012, and therefore cannot
be re-examined in this Thesis, however an updated version has been included in the
appendix order to provide supplementary information for this Thesis.

Abstract
Marine protection is advancing rapidly in Cambodia and an example of privately managed no-take protected area can be found in the Koh Rong Archipelago. This study
aimed to determine the efficacy of the Song Saa marine reserve for conserving species and
to identify suitable survey methodologies for effective monitoring and management. Sites
within, near and geographically isolated from the marine protected area were surveyed
using Reef Check monitoring protocols, with additional monitoring techniques used for
comparison. Species abundance and diversity were analysed using a one-way ANOVA.
Results indicated significant variation in the density of invertebrates, particularly longspine sea-urchins (Diadema sp.), but no other statistically significant differences were
detected among the study sites. Analysis of different survey methodologies found that
the Reef Check techniques detected significantly higher species diversity and abundance
than photo-quadrats and static point counts, but this analysis did not consider the precision and resolution of the data collected. This assessment was conducted only six years
after the Song Saa marine protected area was established, which was not long enough
to expect significant changes in species composition. However, this study offered the
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opportunity to analyse the progress of the marine protected area and establish baseline
data for future reference,

Introduction
Cambodia’s coastal zone extends 435 km between the borders of Thailand and Vietnam,
with 69 islands and territorial waters covering 55,600 km2 (Nelson and Carson, 1999).
After episodes of civil war, Cambodia is currently experiencing large-scale development
and transformation. The coastal zone is being targeted by national and international
investors, attracted by the tourism potential of the coastline and nearby islands. Resource extraction, particularly fishing, represents the main economic benefit that coral
reefs provide to the country (MOE, 2006). Cambodia’s coral reefs are mostly fringing reefs along the mainland and around many islands (Chou et al., 2003). Knowledge
of Cambodia’s reef habitats is limited, but most systems are considered to be under
high thread, with impacts including overfishing, pollution, coral extraction, bleaching,
increased sedimentation due to coastal development, and reef damage caused by destructive fishing methods (Van Bochove et al., 2011). In the past, surveys and assessments were sporadic, relying on international non-governmental organisations (NGOs)
and researchers. In recent years, however, marine assessments have become much more
frequent and organised.
Marine protected areas (MPAs) are designed to limit human activities in particular areas or at particular times. Rules, regulations and management regimes are site-specific,
incorporating seasonal or catch limitations depending on the needs of habitats and societies. Marine protected areas are often implemented to conserve or restore species,
fisheries, ecosystems and ecological functions (Fox et al., 2012). Other benefits may include poverty alleviation (Gjertsen, 2005) and climate change adaptation or mitigation
(McLeod et al., 2009). For the purpose of this investigation, the IUCN definition of an
MPA is used to minimise confusion in an international context: “Any area of intertidal
or sub-tidal terrain, together with its overlying water and associated flora, fauna, historical or cultural features, which has been reserved by law or other effective means to
protected all or part of the enclosed environment” (Kelleher and Kenchington, 1992).
Individual MPAs are developed and managed for different purposes and protection can
have varying effects on particular taxa. One of the main impacts of effective MPAs
on marine organisms is the prevention of harvesting, reducing mortality, and in turn
generating larger body sizes, increasing abundance and fecundity (Mora et al., 2006).
As such, MPAs often result in excess fish and other animals migrating into unprotected
waters, commonly known as the “spill-over effect” (Christie, 2004). This benefits marine
environments and the human populations who depend on their resources.
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In 2003, the Worlds Parks Congress recommended 20-30% of all major ecosystems be
managed within strictly protected reserves by 2012 (Mora et al., 2006). In October 2010,
however, the 193 parties to the Convention on Biological Diversity aimed to protected
and effectively manage a mere 10% of the seas in MPAs by 2020 (Toropova et al., 2010).
Unfortunately, the existing marine reserves are considered insufficient for the protection
of coral reef diversity - only 18.7% of the world’s coral reefs are under protection (1.4%
within no-take zones), with only 2% of management regimes considered effective (Mora
et al., 2006).
The Royal government of Cambodia has been working in collaboration with several
international NGOs to establish the country’s first large-scale MPA around the Koh
Rong Archipelago. Currently the efficacy of this MPA is unknown, but an understanding
of its success or failure is essential to guide future management.
Effective management requires the collection of appropriate, detailed information. Various monitoring techniques are available. The monitoring programme developed by the
international NGO Reef Check (Hodgson et al., 2004) is currently being used by conservation bodies in Cambodia. Reef Check’s methods were developed to enable the
collection of large amounts of coral reef data for minimal time and costs, and allow
organisations to utilise volunteers who can be trained relatively quickly to collect data
on reef health. The Reef Check protocols can provide useful information on reef status
and the causes of reef degradation, but are short on detail. To gather data at medium to
high resolution, management orientated monitoring relies on staff with scientific training (Hill and Wilkinson, 2004). Issues arise, however, when considering the scale of the
survey area. Can a monitoring programme that was designed to collect large amounts
of low-resolution data be used to accurately monitor the status of coral reefs in smaller
geographic areas, such as small MPAs? Adequate sampling can be especially challenging
in areas with low coral coverage, small coral colonies and high water turbidity (Segal
and Castro, 2001).
The main aim of this study was to investigate the progress of the 5.5-hectare Song Saa
MPA (Fig. 3, with regards to the diversity and abundance of key indicator species,
posing the questions:
1. Does the protection offered by the MPA have an effect on the abundance and
diversity of fish when compared with unprotected areas?
2. Does the protection offered by the MPA have an effect on the abundance and
diversity of macro-invertebrates when compared with unprotected areas?
3. Does the protection offered by the MPA have an effect on the composition of
substrate communities when compared with unprotected areas? In particular with
reference to reef health indicators such as percentage cover of live coral, recently
killed coral (RKC) and nutrient indicator algae (NIA).
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Considering the small size of the study area and the need for sampling with appropriate
detail, the additional aims of this investigation were to identify the most suitable survey
techniques for future long-term monitoring programmes here:

1. Do stationary fish plots detect more fish than belt transects?
2. Do photo-quadrats provide more accurate detail on substrate composition than
line point transects?

Meeting these aims will provide an understanding of the efficacy of current marine
management decisions in Cambodia.

Methods
Site Description
The island of Koh Rong (Fig. 3) is located 34 km north-west of the mainland port of
Sihanoukville. Koh Rong is the second largest island in Cambodia, covering an area of
approximately 74 km2 (Sophat and Reasey, 2010), and is one of the six islands of the
Koh Rong Archipelago.
This study was carried out in the Song Saa Private Island Resort, which is based on
two small islands in the northern Koh Rong Archipelago (Fig. 3). The Song Saa resort
privately manages a 5.5 hectare no-take zone surrounding the islands of Koh Ouen and
Koh Bong. The MPA is home to many shallow (<5 m) fringing coral reeds and several
patchy reefs composed of species of hard corals, soft corals and inhabited by various
invertebrate and fish species.
The Song Saa MPA was originally established to protect the surrounding coral reefs
and associated fauna, has been protected by Royal Decree since 2007. However, at
present there are no specific management objectives or targets. Additionally, this area
is recognised by the Fisheries Administration as part of the surrounding Community
Fisheries Organisation (CFi) of Prek Svay.
The area is a strict no-take zone, meaning that no resources of any type can be removed.
This area is open to local boat traffic, but no anchoring of boats is permitted at any
time. Wardens were employed to patrol the area when it was first established, but after
approximately one year, local knowledge and understanding of the rules meant that
constant patrolling was no longer required. Owing to the visibility of the MPA from the
resort, the area is constantly observed by resort staff and boats are sent out as necessary.
Snorkelling by resort guests is permitted within the MPA. Reef education programmes
have been established and snorkelling supervisors or guides are often used.
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Figure 3: Map showing the Koh Rong Archipelago and survey locations (circles,
categorised by protection level). The oval indicates the location of the Song Saa
Private Island Resort and its marine protected area
As a result of a lack of reliable historical data for the area, it is not possible to examine how the biodiversity within this area has changed over time. Instead, this study
used sites surrounding the MPA for comparison. Geographically isolated sites were also
incorporated, to allow comparisons on a regional scale. The “surrounding sites” were
all located along the northern coast of Koh Rong in the vicinity of Prek Svay Village,
and the “geographically isolated sites” were at the southern end of Koh Rong and the
northern tip of Koh Rong Sanloem (Figure 3. All of the area in this investigation were
under the protection of a CFi: either the Prek Svay CFi (for the MPA and surrounding
sites) or the M’Pai Bai CFi, based on Koh Rong Sanloem (for the geographically isolated
sites).

Data Collection
The methodology used in this investigation was based on the Reef Check Survey Programme (Hodgson, 1999; Hodgson et al., 2004), but some modifications were made to
fit the specifications of the Song Saa MPA. Within the MPA, two additional survey
techniques were used to help determine the most effective means of quantifying species
diversity and abundance.
The Reef Check Survey Programme comprises three main transect techniques: 5 m wide
fish belt transects, 5 m wide macro-invertebrate belt transects, and line point transects
at 50 cm interval for assessing substrate communities.
Because the high level of patchiness of the reefs in the survey areas rendered the standard
100 m survey length impractical, the length of these transects was reduced to 50 m. In
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accordance with the Reef Check Survey Programme, each transect was split into 20 m
sections, separated by a 5 m interval (i.e. 0-20 m and 25-45 m), to allow comparisons
with Reef Check data from other projects and locations. The results from individual
surveys were combined to give species data for one 40 m length of transect per survey
site.
All survey methods were conducted successively by two observers using the same transect line.

Fish counts were conducted first, followed by the assessment of macro-

invertebrates and substrates. The Reef Check Survey Programme provided a list of
target species. Some species require size estimates, including parrotfish (Scarinae),
groupers (Epinephelinae) and giant clams (Tridacna sp.), which were grouped into size
categories at 10 cm intervals. For the purpose of this investigation, and to develop a
species inventory for the area, additional economically valuable species such as mullet
(Muglidae) and needle fish (Belonidae) were also recorded.
Photo-quadrats were used as an alternative means of assessing substrate communities.
A 25 x 25 cm quadrat was photographed at 2.5 m intervals along the original transect
line, giving a total of 20 quadrats and a survey area of 1.25 m2 .
Static fish counts were also incorporated for the purposes of comparison to fish belt
transects. This entailed two (one randomly selected area in each half of the 50 m
transect line) static fish population counts of five minutes each, giving a total measure
of 10 minutes per survey.
A total of 30 sites were surveyed at a depth of 1-5 m using the Reef Check methods.
Ten sites were surveyed in each of the following protection levels: within the Song Saa
MPA (MPA); surrounding the MPA (SS) (judged as less than one hour travel time from
the MPA by local fishing boat); and geographically isolated sites (GI) (judged as greater
than one hours travel). Sites were selected based on their accessibility and local weather
conditions, depth, turbidity (a minimum of 5 m visibility was required for the surveys
to be completed), and the presence of rocky coral substrates. The photo-quadrat and
static fish count techniques were applied only in the MPA survey sites.

Data Analysis
Prior to analysis, data were tested for satisfying the assumptions of analysis of variance
(ANOVA). Comparative assessments were made of species diversity and the abundance
of fish, invertebrates and substrate species under the three levels of protection (MPA,
SS, GI). In addition, the number of long-spined sea urchins (Diadema sp.) was analysed,
due to their high abundance in this region (Van Bochove et al., 2011).
The abundance of substrate species was measured as the mean species count of live
corals and the number of live coral points recorded along the transects in each site. The
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number of occurrences per transect of nutrient indicator algae (NIA) and recently killed
coral (RKC) were recorded as a measure of coral health and damage respectively. These
data were analysed using a one-way ANOVA with Bonferroni adjustment (α = 0.05)
to assess differences within and between areas under different levels of protection (i.e.
MPA, SS and GI).
Species diversity was calculated for each survey using the Simpson’s Diversity Index
(D) (Magurran, 2004). This index’s orientation towards the more common species gives
a more accurate description of species composition. Index values were then compared
using a on-way ANOVA and Tukey’s honest significance difference test (a post-hoc test).
Data from the MPA, SS, and GI sites were also analysed using the Bray-Curtis index of
similarity (Bray and Curtis, 1957). This measure was used to create a rank similarity
matrix which was used to construct a Multidimensional Scaling (MDS) plot to look at
overall trends in community similarity across sites (Clarke and Warwick, 1994).
Photo-quadrats taken within the MPA were analysed with random point count techniques applied using Coral Point Count with Excel extension (CPCe) software (Kohler
and Gill, 2006). One hundred stratified random identification points were overlaid onto
each photo-quadrat. Prior to data collection, the software was validated using a comparative visual assessment of substrates to ensure compatibility with the study site.
Comparisons were then made using a one-sample t-test of percentage cover estimates of
live coral, RKC and NIA between the photo-quadrats and the line point transect data
for each of the sites within the MPA.
Also to compare the results obtained from different survey methods, a one-sample t-test
was used to compare the number of fish species and individuals detected using stationary
fish plots and fish belt transects, and to compare substrate species composition detected
using line point transect and photo-quadrat methods. When attempts to transform data
for normality were unsuccessful, the Wilcoxon signed-rank test was applied instead.

Results
The total number of individuals observed within each of the major taxonomic groups
surveyed. (Table 1 and Table 2), highlight the abundance and diversity of taxa in areas
under different levels of protected (MPA, SS and GI).
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Table 1: Total abundance (number of individuals per hectare) of all fish and
invertebrate taxa in areas under different levels of protection

Taxa

Marine

Surrounding

Geographically

Protected Area

Sites

Isolated Sites

(MPA) n 1̄0

(SS) n 1̄0

(GI) n 1̄0

220

400

770

Fish
Chaetodontidae

Butterflyfish

Pomacanthidae

Angelfish

-

-

20

Siganidae

Rabbitfish

1,200

280

310

Pomacentridae

Damselfish

3,800

5,230

6,080

Lutjanidae

Snapper

430

460

230

Nemipteridae

Spinecheeks

240

80

790

Sphyraena sp.

Barracuda

10

10

200

Epinephelinae

Groupers

290

290

270

Labridae

Wrasse

350

840

720

Caesionidae

Fusiliers

340

-

240

Lethrinidae

Emperors

170

-

10

Ephippidae

Batfish

-

-

10

Holocentridae

Soldierfish

100

110

560

Apogonidae

Cardinalfish

1,140

440

780

Gobiidae

Goby

60

80

100

Blennioidei

Blenny

10

-

60

Scorpaenidae

Scorpionfish

-

10

20

Mullidae

Goatfish

10

-

50

Pempheridae

Sweepers

10

-

340

Monacanthidae

Filefish

-

10

30

Diodontidae sp.

Porcupinefish

10

-

30

Plectorhinchus

Sweetlips

-

10

-

Bamboo Shark

-

-

10

sp.
Chilosscyllium
plagiosum
Continued on next page
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Continued from previous page

Taxa
Taeniura lymma

Blue-spot ribbon-

Marine

Surrounding

Geographically

Protected Area

Sites

Isolated Sites

(MPA) n = 10

(SS) n = 10

(GI) n = 10

-

-

30

tail ray
Scarinae

Parrotfish

110

390

150

Mugilidae

Mullet

490

-

-

Other

-

10

-

8.990

8,650

11,810

Worms

5,300

1,900

5,400

Crustasea

Crustaceans

1000

700

700

Gastropoda

Gastropods

2,050

3,200

2,800

Tridacna sp.

Giant Clams

7,200

2,650

1,300

Cephlapoda

Cephlapods

50

-

750

Echinodermata

Sea stars

1,200

1,350

64,750

Echinodermata

Urchins

27,800

16,800

5,200

Echinodermata

Sea cucumber

7,150

2,600

1,300

51,750

29,200

82,200

Sub-total: Fish
Invertebrates
Phoronida/
Platyhelminthes

Sub-total: Invertebrates
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Table 2: Mean percentage cover of coral species in areas under different levels
of protection
Marine

Surrounding

Geographically

Protected Area

Sites

Isolated Sites

(MPA) n = 10

(SS) n = 10

(GI) n = 10

Faviidae

2.5

6.25

6.25

Porites lobata

21.6

6.3

9.6

Echinpora sp.

-

-

5

Galaxea sp.

8.75

2.5

2.5

Goniopora sp. or Alveopora sp.

3.75

2.5

6.25

-

-

5

Porites rus

2.5

1.25

-

Turbinaria sp.

15

27.5

3.75

Lobophyllia sp.

7.5

2.5

8.75

Favia sp.

17.5

3.74

2.5

45

12.5

7.5

Diploastrea heliopora

-

22.5

11.25

Astreopora sp.

-

-

2.5

1.25

12.5

63.75

-

-

2.5

Pseudosiderastrea sp.

1.25

-

3.75

Acropora sp.

1.25

-

3.75

Soft corals

1.25

-

-

Taxa

Pavona decussata

Favites sp.

Fungia sp.
Montipora sp.

No significant variation was found among the sites under different levels of protection
in terms of either substrate composition or diversity of species (Table 3). There was a
significant difference in the number of individual invertebrates(F (2,27) = 4.157, P =
0.027), but this variation was not significant when counts of Diadema sp. were excluded
from the analysis (F (2,27) = 1.071, P = 0.3557).
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Table 3: Mean percentage cover of substrates and mean diversity of samples
from areas under different levels of protection. Data in parentheses show one
standard deviation. Data were tested using a one-way ANOVA with Bonferroni adjustment (α = 0.05). NS indicates the probability values (P ) are not
statistically significant.
Marine

Surrounding

Geographically

One-way

Protected Area

Sites

Isolated Sites

ANOVA

(MPA) n = 10

(SS) n = 10

(GI) n = 10

F

P

35.5(±12.34)

17.4(±17.10)

27.4 (±18.86)

2.53

NS

Nutrient indicator algae

9.3(±8.50)

27.3(±15.79)

8.8 (±18.12)

2.05

NS

Recently killed coral

7.1(±0.08)

0.73(±0.12)

0.71 (±0.04)

0.85

NS

Fish

07(±12.34)

17.4(±17.10)

27.4 (±18.86)

2.53

NS

Invertebrates

0.44(±0.22)

0.59(±0.22)

0.40 (±0.19)

2.30

NS

Coral

0.51(±0.18)

0.43(±0.26)

0.41 (±0.29)

0.43

NS

Substrate composition %
Live coral species

Simpson’s Index (1-D)

Transform: Log(X+1)
Resemblance: S17 Bray Curtis similarity
2D Stress: 0.16

MPA

MPA
SS
GI

MPA
GI

MPA
MPA

Similarity

SS

MPA

SS
GI

MPA

SSSS
SS

MPA

Protection

20
40
60
80

GI
SS

GI
GI MPA

SS

SS
MPA
MPA

SS
SS
GI

GI

GI

GI

GI

Figure 4: Two-dimensional Multidimensional Scaling (MDS) representation of
substrate communities sampled across three protection levels: MPA M̄arine
Protected Areas, SS S̄urrounding Sites, GI Ḡeographically Isolated Sites.

190

Appendix Appendix One: Abundance and diversity of marine flora and fauna of
protected and unprotected reefs of the Koh Rong Archipelago, Cambodia

Following this, the abundance of Diadema sp. in sites under different levels of protection
was assessed using a one-way ANOVA, which detected a significant difference across the
three groups of sites (F (2,27) = 3.893, P = 0.033). Post-hoc comparisons using Tukey’s
honest significant difference test showed the number of Diadema sp. was significantly
higher in GI sites (mean = 151.5) than SS sites (mean = 33.5, S = 37.054, P = 0.040), but
no significant differences were detected between the MPA sites (mean = 56.6) and the
SS or GI sites. The proportion of Diadema sp. making up each invertebrate community
was also analysed using a one-way ANOVA, which indicated no significant differences
between the three groups (F (2,27) = 0.863, P = 0.433).
A Bray-Curtis similarity test was conducted on the substrate composition data, incorporating all forms of substrate including rock, sand, RKC, NIA, live corals and all other
living and non-living substrates. A multidimensional scaling (MDS) plot indicated that
while all sites showed at least 40% similarity in substrate composition, the MPA sites
differed in species composition from both the SS and the GI sites (Figure 4).
Variation among survey sites within both the MPA and GI groups varied in substrate
composition, ranging from 40-60% similarity, while sites in the SS category showed 6080% similarity.

Transects vs. Stationary Monitoring
The effectiveness of fish survey methodologies was examined using one-sample t-tests.
More individuals (t (9) = 11.972, P = <0.001) and more species (t (9) = 8.354, P <0.001) were detected using the fish belt transect method than the stationary fish plot
method.

Transects vs. Photo-Quadrats
The line point transect method recorded a significantly higher percentage cover of live
coral (mean = 33.5%) than the photo-quadrat method (mean = 21.7%; paired sample
t-test (t = −3.624, P = 0.006). The line point transect method also recorded a significantly higher percentage cover of recently killed coral (mean = 7.12%) than the photoquadrat method (mean = 1.77%); Wilcoxon signed-rank test (Z = −2.668, P = 0.008).
However, there was no significant difference in the percentage cover of nutrient indicator algae recorded using the line point transect method (mean = 9.25%) and the
photo-quadrat method (mean = 5.08%, t = −1.921 P N̄on-significant).
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Discussion
The implementation of marine management systems is now under-way across Cambodia
in an attempt to restore fish stocks. Present efforts are focussed on the establishment
of MPAs as a means of boosting fish diversity and abundance with a view to ensuring
long-term food security for the people of Cambodia.
The three-way comparison of sites used in this investigation provides an alternative to
a “before/after” assessment of the impact of establishing the Song Saa MPA. This was
necessary due to the lack of reliable data on the status of the reefs surrounding the Song
Saa island prior to the MPAs establishment. However there are inherent problems in
this assumption. It is important to consider that other biophysical and management
based variables could be responsible for any variation between sites.
Discussions with local fishermen suggest that the establishment of the MPA has benefited the local communities. Mr Keo Som, a representative of the Koh Rong Council,
explained “Our fishermen understand the benefits of the Song Saa conservation area
because they’ve noticed that their fishing resources have increased since we established
this area”. Further socio-economic analysis is required to determine whether these views
reflect those of the whole community.
Similarly, the Head of Conservation at Song Saa Private Island Resort, Barnaby Olson
(pers. comm.) described having seen a great improvement in the quality and diversity
of the reefs surrounding the resort over the last three years, particularly in comparison
to the surrounding areas. This suggests that the sites surrounding and within the MPA
were in a similar or comparable condition prior to the establishment of the MPA. This
was confirmed by the owners of the Song Saa Resort, Rory and Melita Hunter (pers.
comm.), who pinpointed the poor condition of the reefs in the area being one of the
reasons for establishing the MPA.
From a management perspective, the views and opinions of key stakeholders regarding
changes in marine communities are important. Research suggests that social factors, not
biological or physical variables, are the primary determinants of MPA success or failure (McClanahan, 1999). Despite the results of this study not providing any definitive
evidence of environmental change within the Song Saa MPA, stakeholder perceptions
are important to the ongoing management programmes because without stakeholder
support, such management regimes will likely fail (Mascia, 2003). This effect is further
compounded by the fact that the effects of MPAs can take many years to be recognised
and quantified (Micheli et al., 2004). Positive public perceptions and support are required to reinforce the rules and regulations surrounding reserve design, implementation
and management.
Typically, MPAs suffer because benefits are hard to quantify and slow to materialise
(Micheli et al., 2004). A long-term study in the Philippines, in sites with similarly

192

Appendix Appendix One: Abundance and diversity of marine flora and fauna of
protected and unprotected reefs of the Koh Rong Archipelago, Cambodia

high fishing pressure, indicated that the recovery of certain key fish species could take
15-40 years (Russ et al., 2004). The present study was conducted only six years after
the establishment of the Song Saa MPA. It would therefore be unrealistic to expect any
major changes in community structure over such a short time frame (Micheli et al., 2004).
This could help to explain the similarity in fish abundance and diversity found in this
MPA and other sites in the archipelago (Table 1). Conversely, research has shown that
the duration of protection may not always be indicative of fish recovery (McClanahan
and Arthur, 2001). Some reef species, particularly fish of commercial value, may or may
not respond rapidly to a decrease in fishing pressure when species interactions prevent
their recovery (McClanahan, 1997).
Considering the young age of the Song Saa MPA, the lack of variation in fish abundance
and diversity between the three groups of sites examined is not surprising. However,
this may be explained to a certain extent by the abundance of the long-spine sea urchin
Diadema sp. in this region. A previous study in a recently created MPA, found that
a high abundance of Diadema sp. suppressed fish population recovery over a four year
period (McClanahan and Obura, 1997b). Previous assessments in the area surrounding
the GI sites described the abundance of Diadema sp. as “very-high” (Van Bochove et al.,
2011). The abundance of Diadema sp. also had an impact on the total abundance
of invertebrates across our survey sites, irrespective of their protection levels: When
Diadema sp. was excluded from the analysis, it became clear that its high abundance
had skewed the invertebrate counts.
Analysis of substrate community composition highlights some potential impacts of the
MPA, particularly surrounding the percentage cover of live coral, NIA and RKC. Some
variation across protection levels was detected, although these differences were not statistically significant. Firstly, the levels of RKC are marginally higher in the MPA than
in the SS or GI sites. This may be as a result of the construction of the resort, or
damage prior to the designation of the MPA, which has yet to recover. While this is
only a marginal difference, it should be monitored to ensure that the amount of RKC
does not increase. Secondly, the percentage cover of hard coral was much higher in the
MPA than the surrounding sites, and marginally higher than the geographically isolated
sites, this is a reassuring sign and should be monitored in the future.
It is predicted that over time, community structure will continue to improve in the
MPA, facilitating higher species diversity and abundance. Continued monitoring and
management will be required to track these changes. Consequently, a more detailed
understanding of the responses of fish populations to the elimination of fishing pressure
is necessary (McClanahan and Arthur, 2001). This requires a multiple-factor approach,
incorporating interactions such as species composition, duration of protection, the size
of the protected area, reef type and habitat characteristics. Such a complex analysis
was outside the scope of this study, owing to the lack of similar nearby reserves of
different size, age and reef characteristics. As such, this study was only able to focus on
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single-factor interactions in one protected area. Future work should therefore consider
a multiple-factor analysis and cover larger geographic areas over a longer time-frame.
This would provide a more accurate understanding of the complexities surrounding the
protection of Cambodian coral reefs and marine systems.

Survey Techniques
The assessment of methodologies for assessing fish species composition within the MPA
found fish belt transects produced higher counts than stationary fish plots. The area
covered using each technique can explain this result. Time spent counting fish was used
as a measure of effort, with an average of 10 minutes swimming the length of each fish
belt transect and a total of 10 minutes spent on the two stationary fish plots. However,
the stationary fish plots assess an area of 109.8 m3 (calculated using the average depth
of 2.8 m) whereas the fish belt transects assess 1,000 m3 . It therefore stands to reason
that the method assessing the largest volume is more capable of detecting the highest
abundance and diversity of fish populations.
Stationary fish plots are considered to cause less disturbance to fish populations that fish
belt transects (Bohnsack and Bannerot, 1986), therefore offering an interesting comparison for this study. Considering the differences in area covered, 20 stationary fish plots
per transect would have been necessary for a more accurate comparison of the effects
of observer disturbance. This was not possible within the scope of this investigation,
and also would not be an appropriate means of long-term monitoring for the Song Saa
MPA management team owing to the 20-fold increase in effort. Therefore, in view of
the requirements of the Song Saa MPA and management team, fish belt transects are
the recommended means of assessing fish populations.
With regards to the methodologies for measuring substrate cover, it was apparent that
the line point transect method recorded a higher percentage of live coral cover and RKC
than the photo-quadrat methodology. This is despite the photo-quadrats assessing a
greater area and at a higher resolution (Preskitt et al., 2004) and with greater precision. Considering the number of samples used in the analysis (800 line point transects
and 2,000 photo-quadrats), the photo-quadrat methodology should be more accurate in
recording the true substrate composition. However, previous research into these research
methodologies suggests that photo-quadrats tend to underestimate the percentage cover
of substrate communities, while line point transects typically overestimate (Leujak and
Ormond, 2007). The results of this investigation appear to fit this pattern, with the
line point transect describing a significantly higher percentage cover of hard corals than
the photo-quadrats. However, a benefit of the photo-quadrat method is that it provides
a permanent visual record of substrate composition for future comparison (Bohnsack,
1979). Considering the long-term management goals of the Song Saa management team,
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photo-quadrats could give reliable long-term data, but additional methodological validations should be conducted to select the most suitable techniques. In this instance,
line intercept transects (Leujak and Ormond, 2007) could offer a valuable alternative,
assessing 50 times the area of line point transects, while still using visual census techniques.

Management Implications
The low number and sparse distribution of effectively protected MPAs, particularly in the
tropics (McClanahan, 1999), has made it difficult to scientifically test the effects of fishing
restrictions and reserve management (McClanahan and Arthur, 2001). Furthermore, the
effectiveness of management regimes in conserving reef resources depends on more than
whether resource-users adhere to rules and regulations (McClanahan et al., 2006). Public
perception can often hinder the application of marine management techniques.
Owing to the small size of the Song Saa MPA and the status of the resort, effective
policing of the protected area is possible, combined with the work of the management
team with local communities to encourage compliance and increase their understanding.
Reserve design must also be considered when determining the regulations and management systems. The size of an MPA needs to be appropriate to be able to provide suitable
benefits for the communities it supports, while still being of a size that can be managed
effectively (Agardy et al., 2011).
Social surveys should be conducted regularly within local communities surrounding proposed and active MPAs. This will increase understanding of the needs of local resourceusers, and the findings should be used to boost compliance with marine management
protocols (McClanahan et al., 2006). This would be invaluable for the success of marine
management systems, particularly in countries like Cambodia where marine management is still very much in its infancy.
Once the proposed new MPAs are in place in Cambodia, the knowledge of the Song
Saa MPA team and the results of this and future investigations, will be invaluable to
ensuring success. However, this paper concludes that more time and effort is needed to
discern any true effects of the Song Saa MPA, with previous studies suggesting it take
15-40 years for fish populations to recover fully (Russ et al., 2004). The methods used for
monitoring should be appropriate to the needs of the management programme. Some of
the best techniques area already incorporated into the Reef Check methodology, but this
should be adapted according to the needs of the area, with the addition or replacement
by alternative techniques to collect accurate and reliable data. In addition, this study
highlights, as others have, the importance of baseline data to monitor changes reliably
over time. This study provides an essential baseline for future research and assessments
in the Koh Rong Archipelago.
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This chapter was published in 2013 with the following reference: Savage, J. M.,
Osborne, P. E. & Hudson, M.D. (2013) Abundance and diversity of marine fauna and
flora of the Koh Rong Archipelago, Cambodia Cambodian Journal of Natural History.
2013 (2): 89-94
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Common Name

Scientific Name

No.

Rationale

Image
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Table 4: Fish indicator outline, with justification for each group of fish, for detailed species list see appendix 3. Number of species refers
to the number of species in each group used as indicators in this research.
Reference

Species

• Herbivorous grazer

Angelfish

Pomacanthus an-

1

nularis

• Example:

Blue-Ringed

Angelfish (Pomacanthus
annularis)

pel (1988); Green
and

Bellwood

(2009);

Van

Bochove

et

al.

(2011);

Savage

et al. (2013)

Soule and Kleppel
• Overfishing
Barracuda

Sphyraena sp.

2

• Example:

(1988); Hodgson
Great Bar-

(1999);

Van

rracuda (Sphyraena bar-

Bochove

et

al.

racuda)

(2011);

Savage

et al. (2013)

Continued on next page
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• Indicator of coral stress

Soule and Klep-

Common Name

Scientific Name

No.

Rationale

Image

Reference

Species

Green and BellBatfish

Platax sp.

1

• Herbivorous browser

wood (2009); Van

• Example: Tall-fin Bat-

Bochove

et

(2011);

Savage

fish (Platex teira)

al.

et al. (2013)

• Overfishing

Hourigan (1988);
Crosby and Reese

• Aquarium trade

(1996); Hodgson
Butterflyfish

Chaetodontidae

• Obligate corallivores

(1999); Hodgson

• Example:

et al. (2006); Van

4
banded
(Chaetodon
tus)

EightButterflyfish
octofacia-

Bochove

et

(2011);

Savage
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al.

et al. (2013)
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Common Name

Scientific Name

No.

Rationale

Image

Reference

Species
• Herbivorous Grazers
• Can cause damage to
Pomacentridae
sp.

2

• Example:
major
vaigensis)

pel (1988); Green
and

Bellwood

(2009);
Sergeant(Abudefduf

Van

Bochove

et

al.

(2011);

Savage

et al. (2013)

Continued on next page
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Damselfish

corals

Soule and Klep-

Common Name

Scientific Name

No.

Rationale

Image

Reference

Species
• Overfishing
• Live-fish trade
• Dynamite fishing
Hodgson (1999);
Grouper

Serranidae sp.

• Cyanide fishing

?); Van Bochove

• Size estimates required

et al. (2011); Sav-

7
in 10 cm intervals
• Example:

age et al. (2013)

Chocolate

Grouper (Cephalopholis
boenak )
Continued on next page
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Continued from previous page
Common Name

Scientific Name

No.

Rationale

Image

Reference

Species

Green and BellSignaus sp.

6

wood (2009); Van

• Example: Java Rabbit-

Bochove

et

(2011);

Savage

fish (Siganus javis)

al.

et al. (2013)

Continued on next page

Appendix Appendix Two: Taxonomic groups of indicators

Rabbitfish

• Herbivorous grazers

Common Name

Scientific Name

No.

Rationale

Image

Reference

Species
• Overfishing
• Dynamite fishing
Hodgson (1999);

• Cyanide fishing

Hodgson
• Scrapers,

excavators

and bioeroders
Parrotfish

Scaridae

al.

(2006); Green and
Bellwood (2009);

2
• Size

et

estimations

re-

Van

Bochove

quired in 10 cm inter-

et

al.

vals

Savage

(2011);
et

al.

(2013)
• Example:

Rivulated

Parrotfish

(Scarus

rivulatus)
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Continued from previous page
Common Name

Scientific Name

No.

Rationale

Image

Reference

Species

Hodgson (1999);
• Overfishing
Lutjanus sp.

4

et

al.

• Example:

Checkered

(2006);

Snapper

(Lutanus

Bochove

et

(2011);

Savage

decussatus)

Van
al.

et al. (2013)

• Overfishing
• Dynamite Fishing
• Cyanide Fishing
Wrasse

Labridae sp.

5

• Grazers and browsers
• Example:

Triple-tail

Wrasse

(Cheilinus

Hodgson (1999);
Green and Bellwood (2009); Van
Bochove

et

al.

(2011);

Savage

et al. (2013)

trilobatus)
Continued on next page
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Snapper

Hodgson

Common Name

Scientific Name

No.

Rationale

Image

Reference

Species
• Included

to

facilitate

biodiversity assessments
• See appendix 2 for deOther Fish

21

tailed list of additional
indicator species
• Example:

Striped

Hodgson

et

(2006);

al.
Van

Bochove

et

al.

(2011);

Savage

et al. (2013)

Squirrelfish (Sargoncentron xantherythum)
Continued on next page
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Continued from previous page
Common Name

Scientific Name

No.

Rationale

Image

Reference

Species
• Rare species of special
conservation interest
• sightings of species on

14

Hodgson (1999);

tional information

Van

• sightings

of

these

et

Bochove
al.

species were recorded

Savage

irrespective of survey

(2013)

activity.
• Example:

Add (Hip-

pocampus hystrix )

(2011);
et

al.
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Special Interest

this list required addi-

Table 5: Fish indicator outline, with justification for each taxonomic group of invertebrates, for detailed species list see appendix 3.
Number of species refers to the number of species of the group used as indicators in this research.
Common Name

Scientific Name

No.

Rationale

Image

Reference

Species

Hodgson
Cephalopods

3

• Example: Octopus (Abdopus sp.)

et

(2006);

al.
Van

Bochove

et

al.

(2011);

Savage

et al. (2013)

Continued on next page
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Continued from previous page
Common Name

Scientific Name

No.

Rationale

Image

Reference

Species
Soule and Kleppel
• Overfishing
Crustacea

6

(1999); Hodgson
et al. (2006); Van

• Example: add example

Bochove

et

al.

(Tetralia nigrolineata)

(2011);

Savage

et al. (2013)

Continued on next page
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Crustaceans

• Pollution

(1988); Hodgson

Common Name

Scientific Name

No.

Rationale

Image

Reference

Species
• Overfishing
• Pollution (tentative)
• Includes the groups: sea

Echinoderms

Echinodermata

17

Hodgson (1999);

stars, star fish, urchins

Hodgson

and sea cucumbers

(2006);

• some species are corallivours
• Example:

et

al.
Van

Bochove

et

al.

(2011);

Savage

et al. (2013)
Long-spine

sea urchin (Diadema setosum)
Continued on next page
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Continued from previous page
Common Name

Scientific Name

No.

Rationale

Image

Reference

Species
• Overfishing
Hodgson (1999);

Mollusc

Mollusca

7

• Curio collection

Hodgson

• Some species are coralli-

(2006);

• Example: Giant Clam

al.
Van

Bochove

et

al.

(2011);

Savage

et al. (2013)

(Tridacna squamosa)
• Detritivores
• Boring

species

cause

structural damage to
Worms

Annelida

3

corals

Hodgson (1999);
Risk et al. (2001);
Van
et

Bochove
al.

• Example:

Feather

Savage

duster

(Sabel-

(2013)

worm

lastarete sp.)

(2011);
et

al.
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Substrate Indicators
Substrate indicators used the these analyses involved both living and non-living groups,
and are described under the following categories: Hard corals (Scleractinians), soft corals
(Gorgonians), other living substrates, algae, non-living substrates. The full list of substrate indicators can be found in appendix one.
Hard Corals
Data collected on hard coral indicators including both primary and secondary data. The
primary data collected related to the coral growth form (Table 6), allowing analysis of
habitat complexity, rugosity (Gratwicke and Speight, 2005) and acting in some cases as
a proxy indicator for species diversity (Loya, 1972). Secondary data related to genus,
and where possible species level identification, to facilitate more accurate analysis of
species diversity. Taxonomic detail varied depending on the appearance and traits of the
individual coral colonies, and how easily it could be accurately identified. See appendix
2 for full list of indicator species/groups.

Table 6: Outline of coral growth forms used as indicators in this research. For
a detailed species list, see appendix 3.
Description

Example

(a) Massive Colonies:
• Often bulbous
• Structure Intact, no internal holes
• Tolerant of high sedimentation and/or eutrophication
(Rogers, 1990)
• Example: Platygyra sp.

Continued on next page
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Continued from previous page
Description

Example

(b) Sub-Massive Colonies:
• Often bulbous
• Internal structure present
• Holes in external structure
• Tolerant of high sedimentation and/or eutrophication
(Rogers, 1990)
• Example: Lobophyllia sp.
(c) Branching Colonies:
• Tree-like appearance
• Grow and recruit slowly; successful in areas with low
wave exposure (Bak and Meesters, 1998)
• Example: Pocillopora damicornis
(d) Foliose Colonies
• Corallites form plates
• grow and recruit slowly, successful in areas with low
wave exposure (Bak and Meesters, 1998)
• Example: Pavonna decussata

(e) Encrusting Colonies:
• Colony follows the shape of the underlying substrate
• Example: Pseudosiderastrea sp.

Continued on next page
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Continued from previous page
Description
(f) Mushroom Colonies
• Free-living colonies
• Live independent of underlying substrate
• Example: Herpolithia limax

Example

218
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Soft Corals
Soft corals (Gorgonians) are non-reef building corals lacking the calcium-carbonate skeleton of scleractinian hard corals. Coral reef degradation can lead to invasion of soft corals
(Moberg and Folke, 1999). Soft corals are typically found at depths of 12-15 m (Goh
et al., 1997), which is deeper than a majority of coral reefs in the Cambodian coastal
zone (Van Bochove et al., 2011; Savage et al., 2013, 2014).

Other Living Substrates
This section refers to the living sessile organisms which are found on the substrate,
but are neither hard or soft corals. These include: Anemones, sponges, Corallimorphs,
Tunicates and Zoanthids.

Algae
Monitoring the abundance of algae can highlight phase-shifts in reefs, and highlight
stress in the system. Increases in algal cover often occur when are coral reef is impacted
by increased levels of nutrients or the removal of herbivores (Hill and Wilkinson, 2004).
Therefore, it is important to report blooms of algae that could be a responding to high
levels of nutrient input. The term nutrient indicator algae (NIA) is used to define all
forms of algae except coralline algae, calcareous algae and turf algae, which were assessed
independently (Hodgson et al., 2006).

Dead Coral
Monitoring coral mortality is important for understanding coral reef health and change.
This focusses on corals which have died recently, where the corallite structure is still
visible i.e. not eroded, and the dead colony has not yet been overgrown (Hodgson
et al., 2006). If the corallite structure was not visible, the substrate was recoded as
rock, or was recorded as whichever group was over-growing the dead colony. In some
publications dead coral is referred to as ‘recently killed coral’ and the two terms are used
interchangeably in this thesis. Where it was believed that the death of the colony was
due to coral bleaching, a separate estimate of coral bleaching for the survey area was
added to the dataset for that specific site (Hodgson et al., 2006).

Non-living Substrates
Non-living substrates provide information on the type of habitat being assessed. In this
research, such groups include: Rock, Rubble, Silt and Sand (Hodgson et al., 2006).
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• Rock - Any hard substrate over 15 cm diameter in the longest direction, with less
than 0.5 cm of algal growth.
• Rubble - Includes rocks between 0.5 and 15 cm diameter in the longest direction.
• Sand - Particles smaller than 0.5 cm which do not remain in suspension when
dropped, and fall quickly back to the seabed.
• Silt - Sediment which remains in suspension when disturbed. This may also include
areas where silt is covering a substrate of rock or coral, providing the layer is thicker
than 1 mm.
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Appendix Three: Indicator List Species Level
Fish Indicator Species
Table 7: Fish indicator species used in each chapter of this thesis. * = size .
estimations were required in 10 cm intervals
Common

Scientific

Chapter number

Name

Name

3

4

5

6

Angelfish
Blue-ringed Angelfish

Pomacantus annularis

X

Barracuda
Great Barracuda

Sphyraena barracuda

X

Yellow-tail Barracuda

Sphyraena flavicauda

X

Butterflyfish
Eight-banded Butterflyfish

Chaetodon octofasciatus

X

X

Long-beaked Coral Fish

Chelmon rostratus

X

X

Long-fin Bannerfish

Heniochus acuminatus

X

X

Batfish
Tall-fin Batfish

Platex teira

X

Damselfish
Anemone Fish

Amphiprioninae

X

Sergeant-major

Abudefduf vaigensis

X

Grouper
Barramundi Cod

Cromileptes altivelis

X

X

Continued on next page
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Continued from previous page
Common

Scientific

Chapter number

Name

Name

3

4

Blue-lined Grouper

Cephalopholis formosa

X

X*

Chocolate Grouper

Cephalopholis boenak

X

X*

Honeycomb Grouper

Epinephelus malabraicus

X

X*

Malabar Grouper

Epinephelus malabaricus

X

X*

Peacock Grouper

Cephalopholis argus

X

X*

Square-tail Grouper

Plectropmus areolatus

X

X*

5

6

Parrotfish
Bumphead Parrotfish

Bolbometopon muricatum

X

X*

Other Parrotfish

Scaridae

X

X*

Rabbitfish
Coral Rabbitfish

Siganus corallines

X

Golden Rabbitfish

Siganus guttatus

X

Java Rabbitfish

Siganus javus

X

Vermiculated Rabbitfish

Siganus vermiculatus

X

Virgate Rabbitfish

Siganus virgatus

X

Snapper
Black-tail Snapper

Lutjanus fulvus

X

X

Checkered Snapper

Lutjanus decussatus

X

X

Red Snapper

Lutjanus campechanus

X

X

Other Snapper

Lutjanus sp.

X

X

Wrasse
Checkerboard Wrasse

Haliochoeres hortulanus

X

Crescent Wrasse

Thalassoma lunare

X

Humphead Wrasse

Cheilinus undulatus

X

Red-breasted Wrasse

Cheilinus fasciatus

X

Triple-tail Wrasse

Cheilinus trilobatus

X

X*

Other species
Blenny

Blenniidae

X
Continued on next page
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Continued from previous page
Common

Scientific

Chapter number

Name

Name

3

Box Fish

Ostraxion cubicus

X

Cardinal Fish

Cheilodipterus quinquelineatus

X

Emperor Fish

Lethrinidae

X

File Fish

Monacanthidae

X

Fusiliers

Caesuibudae

X

Goatfish

Mullidae

X

Goby

Gobiidae

X

Jacks

Carangoidae

X

Lionfish

Pterois sp.

X

Lizardfish

Synodontidae

X

Moray Eel

Muraenidae

X

Bridled Monocle Bream

Scolopsis bilineata

X

White-streak Monocle Bream

Scolopsis ciliata

X

Porcupine Fish

Diodontidae

X

Pufferfish

Tetraodontidae

X

Scorpionfish

Scorpaena

X

Double-banded Soapfish

Diploprion bidasciatum

X

Soldier/Squirrel Fish

Holocentridae

X

Sweepers

Pempheridae

X

Sweetlips

Haemulidae

X

Triggerfish

Balistidae

X

4

5

6

X

Special Interest
Bamboo Shark

Hemiscylliidae

X

Black-tip Reef Shark

Carcharinus melanopterus

X

Spotted Eagle Ray

Aetobatus narinari

X

Other Rays

Myliobatiformes

X

Dugongs

Trichechus

X

Dolphins

Delphinidae

X
Continued on next page
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Continued from previous page
Common

Scientific

Chapter number

Name

Name

3

Porpoise

Phocoenidae

X

Seahorse

Hippocampus sp.

X

Pipefish

Syngnathinae

X

Sea Snake

Hydrophiinae

X

4

5

6
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Invertebrate Indicator Species

Common

Scientific

Chapter number

Name

Name

3

4

X

X

5

6

Bivalves
Giant Clam

Tridacna sp.

X

Cephalopods
Cuttlefish

Sepiida

X

Octopus

Octopoda

X

Squid

Teuthida

X

Cnidarians
Sea Pen

Pennatulacea

X

Crustaceans
Anemone Shrimp

Hippolytidae

X

Banded Coral Shrimp

Stenopus hispidus

X

Mantis Shrimp

Stomatopoda

X

Lobster

Astacidae

X

True Crab

Brachyura

X

X

X

Echinoderms
Chocolate Drop Starfish

Protoreaster nodosus

X

Crown of Thorns Starfish

Athancaster planci

X

Cushion Star

Culcita noaeguineae

X

Collector Urchin

Tripneustes gratilla

X

Long-spine Sea Urchin

Diadema sp.

X

Flower Urchin

Toxopneustes sp.

X

Pencil Urchin

Eucidaris tribuloides

X

Basket Star

Euryalina

X

Brittle Star

Ophiuroidae

X

Feather Star

Crinoidae

X

Greenfish

Stichopus chloronotus

X

X

X

X

X

X

Continued on next page
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Common

Scientific

Chapter number

Name

Name

3

4

Lollyfish

Holothuria atra

X

X

Pinkfish

Holothuria edulis

X

X

Prickley Redfish

Thelenota ananas

X

Synaptid

Synaptidae

X

Nudibranch

Nudibranchia

X

5

6

Gastropods
Conch

Strombidae

X

Cone Shell

Conus sp.

X

Cowrie

Cypraseidae

X

Drupella

Drupella sp.

X

Top Shell

Trochoidae

X

Murex

Murex sp.

X

Giant Triton

Charonia tritonis

X

X

Worms
Flatworm

Turbellaria

X

Feather Duster Worm

Sabellastarte

X

X

Christmas Tree Worm

Spirobranchus

X

X
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Substrate Indicators

Scientific / Common

Chapter number

Name

3

4

5

6

Hard Corals
Acropora sp.

X

Astreopora sp.

X

Ctenactis echinata

X

Diploastrea heliopora

X

Echinopora sp.

X

Euphyllia sp.

X

Favia sp.

X

Favites sp.

X

Fungia sp.

X

Galaxea sp.

X

Goniopora/Alveopora sp. **

X

Herpolithia limax

X

Lobophyllia sp.

X

Pavona clavus

X

Pavona decussata

X

Pectinia sp.

X

Physogyra/Plerogyra sp. **

X

Platygyra sp.

X

Pocillopora damicornis

X

Podabocia sp.

X

Polyphyllia talpina

X

Porites lobata

X

Porites rus

X

Pseudosiderastrea sp.

X

Seriatopora sp.

X

Tubastrea Micrantha

X
Continued on next page
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Continued from previous page
Scientific

Chapter number

Name

3

Turbinaria mesenterina

X

4

5

6

Soft Corals
Bamboo (Isididae)

X

Dead Man’s Fingers (Lobophytum)

X

Flower (Clavularia)

X

Leather (Sarcophyton)

X

Pulsing (Xenia)

X

Sea Fan (Subergorgiidae)

X

Sea Whip (Ctenocella)

X

Teddy Bear (Stereonephthya sp.)

X

Tree (Dendronephthya sp.)

X

Algae
Coralline Algae

X

Halimeda

X

Nutrient Indicator Algae

X

Turf Algae

X
Other Living Substrates

Anemone

X

Sponge

X

Corallimorph

X

Tunicate

X

Zooanthid

X

X

Non-Living Substrates
Recently Killed Coral

X

Rock

X

Rubble

X

Sand

X

Silt

X
Continued on next page
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Continued from previous page
Scientific

Chapter number

Name

3

4

5

6

Table 9: Substrate Indicators used in this thesis, and the projects they were used
in. ** = Species appear very similar, and have very similar indicator status,
combined to ease identification and minimise confusion

Appendix Four

233

Appendix Four: Demographic
Information for participants in
Chapter 5
Table 10: Demographic information for participants interviewed in each villate
(TS = Trapaeng Sangke, KS = Koh Sdach, PS = Prek Svay). Awareness relates
to management systems and whether participants had knowledge of current or
intended management plans ((T) refers to Thai participants).
Village

No.

Job

Age

Gender

Aware

Trapaeng Sangke - CFi
TS

1

Fisherman

Committee Leader

40-50

M

Y

TS

2

Fisherman

Member

30-40

M

Y

TS

3

Fisherman

Committee

30-40

M

Y

TS

4

Tailor

Member

20-30

F

Y

TS

5

Fisherman (retired)

Committee

60-70

M

Y

Koh Sdach - CFi
KS

1

Fisherman

Member

30-40

M

Y

KS

2

Retired

Member

60-70

F

Y

KS

3

Pig Farmer

Member

30-40

M

Y

KS

4

Fish Farmer

Member

30-40

M

Y

KS

5

Business Man

Unaware

40-50

M (T)

N

KS

6

Shop Keeper

Unaware

40-50

F (T)

N

KS

7

Tourism

Unaware

20-30

M (T)

N

KS

8

Fisherman

Unaware

40-50

M

N

KS

9

Fisherman

Unaware

30-40 M

N

Continued from previous page
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Village

No.

Job

Age

Gender

Aware

KS

10

Catering

Unaware

F

N

KS

11

Fisherman (retired)

Committee founder

60-70

M

Y

KS

12

Housewife

Committee founder

50-60

F

Y

KS

13

Fisherman

Member

50-60

M

Y

KS

14

Fisherman (retired)

Non-member

40-50

M

Y

KS

15

Housewife

Committee

30-40

F

Y

KS

16

Housewife

Member

30-40

F

Y

KS

17

Housewife

Non-member

40-50

F

Y

KS

18

Fisherman

Non-member

20-30

M

Y

KS

19

Fisherman

Member

30-40

M

Y

KS

20

Fisherman

Committee Leader

40-50

M

Y

Prek Svay - CFi
PS

1

Teacher

Non-member

30-40

M

Y

PS

2

Housewife

Non-member

20-30

F

Y

PS

3

Song Saa

Non-member

20-30

F

Y

PS

4

Fisherman

Ex-deputy committee leader

40-50

M

Y

PS

5

Carpenter

Member

60-70

M

Y

PS

6

Housewife

Non-member

40-50

M

Y

PS

7

Shop keeper

Member

20-30

M

Y

PS

8

Business man

Deputy committee leader

40-50

M

Y

PS

9

Shop keeper

Ex-committee leader

50-60

M

Y

PS

10

Farmer

CFi patrol leader

40-50

M

Y

PS

11

Teacher

Member

30-40

M

Y

PS

12

Teacher

Non-member

20-30

F

Y

PS

13

Song Saa

Member

30-40

F

Y

PS

14

Fisherman

Member (ex-committee)

40-50

M

Y

PS

15

Fisherman

Committee

60-70

M

Y

PS

16

Government Official

CFi Committee

50-60

M

Y

PS

17

Farmer

Non-member

60-70

M

Y

Continued from previous page
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Continued from previous page
Village

No.

Job

Age

Gender

Aware

PS

18

Farmer

Non-member

60-70

M

Y

PS

19

Song Saa

Non-member

20-30

M

Y

PS

20

Businessman

Committee Leader

40-50

M

Y

Prek Svay - MFMA
PS

1

Teacher

Non-member

30-40

M

Y

PS

2

Housewife

Non-member

20-30

F

Y

PS

3

Song Saa

Non-member

20-30

F

Y

PS

4

Fisherman

Ex-deputy committee leader

40-50

M

Y

PS

5

Carpenter

Member

60-70

M

Y

PS

6

Housewife

Non-member

40-50

M

N

PS

7

Shop keeper

Member

20-30

M

N

PS

8

Business man

Deputy committee leader

40-50

M

Y

PS

9

Shop keeper

Ex-committee leader

50-60

M

Y

PS

10

Farmer

CFi patrol leader

40-50

M

Y

PS

11

Teacher

Member

30-40

M

N

PS

12

Teacher

Non-member

20-30

F

N

PS

13

Song Saa

Member

30-40

F

N

PS

14

Fisherman

Member (ex-committee)

40-50

M

Y

PS

15

Fisherman

Committee

60-70

M

Y

PS

16

Government Official

CFi Committee

50-60

M

Y

PS

17

Farmer

Non-member

60-70

M

N

PS

18

Farmer

Non-member

60-70

M

N

PS

19

Song Saa

Non-member

20-30

M

N

PS

20

Businessman

Committee Leader

40-50

M

Y
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Appendix Five: Guide questions
used in Socio-economic
assessments of Cambodian marine
management systems, Chapter 5
Outline of questions used in semi-structured interviews
Questions listed below were used as a guide for discussions related to Cambodian marine management strategies. In Prek Svay, certain questions were asked twice, relating
initially to the community fishery organisation (CFi), but then to the proposed marine
fisheries management area (MFMA). Similarly, additional questions were included to
determine whether any changes perceived within the village were as a result of the CFi
or the presence of Song Saa.

Demographic questions
1. Age
2. Occupation
3. Are you aware of the management systems in proposed and/or in place?
4. Are you, or have you ever been member of the CFi?
5. Are you, or have you ever been a member of the committee?

Awareness and involvement
6. What do you believe to be the biggest threats facing the environment and/or
community?
7. Are you happy with the current/proposed management systems?
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• Why/why not?
8. Do you understand the rules, regulations and boundaries of the current and/or
proposed management scheme(s)?
• Were you involved in the rule making?
• How are they enforced?
• Do you think they are working?
• Are there any changes you would make?
9. Were you involved in the design process for the management system”
• If so, how?
• Would you have liked to be more/less involved?
• Was this level of involvement possible?
10. Would you like there to be more/less protection?

Governance of marine management systems
Each of the questions in this section were asked in relation to the community (including
the elected committee and leader) and Government (both local and national government)
where applicable.

11. Do you trust the people in charge?
• Why/why not?
12. Do you think the rules, regulations and boundaries are fair?
• Why/why not?
13. Do you think those in charge are capable?
14. Who do you think is accountable if things go wrong?
15. Are there any issues you feel are not being met by the current/proposed management plans?
• Do you think your voice would be heard if you raised these issues?
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Perceptions of change
16. Have you noticed/do you think there has/will be a change in:
• the environment
• household income
• healthcare provision
• education provision
• community wellbeing

