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ABSTRACT

The 2004 Indian Ocean tsunami created a catastrophic disturbance at several
scales along the entire Andaman Sea coast. As the first large-scale tsunami occurring in
recent history, this event provided a unique opportunity to use modern instrumentation
and in situ observation to study tsunami dynamics and effects on coastal systems. Along
Thailand’s coast, consequences of this disturbance were highly variable in space and
time, with pronounced changes to certain coral reefs and human communities. This thesis
outlines two case study-based research projects designed to gain some understanding of
the ecological and social dynamics of the tsunami in Thailand. From a Geographical
perspective, responses to this massive disturbance may support an incentive-based
direction for marine conservation in Thailand.

The first project occurred within Mu Koh Surin Marine National Park, Thailand.
Variability in the physical response of fringing hard coral reefs to the tsunami was
examined using SCUBA surveys. Patterns in variability were distinct from typical hard

coral responses during tropical storms suggesting differences in the nature of these



hydrodynamic disturbances. Coral colony morphologies and reef shape mainly did not
influence variability in tsunami response; however, unique effects were observed on reef
slopes over 45°. There was no detected influence of reef depth. Variability in effects
based on the spatial location of reefs was observed: proximity to bathymetrical
constrictions accounted for substantial variability, while reef aspect did not. Overall, just
over 10% of sampled reef area was affected, with evidence of rapid coral recovery in the
form of tissue re-growth and apical skeletal growth within four months of the event at
most sites.

The second project explored the effects of the tsunami on Phuket’s diving
industry. The response of industry members and recreational divers to tsunami effects
was examined using interviews and questionnaires as well as observational dives with
dive guides and clients on chartered trips during the 2004-5 post-tsunami diving season.

A short-term reduction in the number of diving companies and diving tourism in
Phuket was observed immediately following the tsunami; this can be attributed to
terrestrial damage and trip cancellations. Although there were expectations for high
levels of dive site damage, most recreational divers did not perceive any damage on dive
sites in 2005 — even while diving on surveyed sites with as much as 76-100% of reef area
reportedly affected. This low rate of perception may be partially explained by diving
ability, but was more likely due to site variability and variability in tsunami response
within dive sites allowing guides to preferentially avoid acutely damaged areas.

During the post-tsunami low tourism period, industry members contributed
substantial resources to rescue, relief and restoration efforts along Thailand’s Andaman

Sea Coast. Industry members also participated in several government and university-led



tsunami monitoring and rehabilitation efforts. While measurable changes to Phuket’s
diving industry seem to have been short-term, this response of industry members to the
event may have increased potential for long-term collaboration with government and
universities. Enhanced communication among these parties could facilitate future

incentive-driven industry contributions toward marine conservation in Thailand.
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CHAPTER 1: Changing Paradigms in Reef Conservation and Study Objectives

1.1. Introduction

In the world’s relatively nutrient poor tropical oceans, coral reefs generate and
store some of the highest biodiversity and productivity on the planet (Spalding 2001). In
terms of ecological, economic and cultural values, coral reefs are highly valuable
ecosystems, housing hundreds of thousands of plant and animal species (Roberts et al.
2002). These reefs act as nurseries, provide complex habitat and nutrition for many
species, and they protect adjacent terrestrial communities from coastal disturbance.
Communities throughout the tropics have lived intimately with the world’s coral reefs for
thousands of years, relying on them for sustenance, livelihoods and cultural meaning.

The first documentation of external stressors affecting coral reefs occurred in
1872 when Dana noted effects of sedimentation on corals (Risk 1999). Today, we know
that coral reefs worldwide are in serious decline due to terrestrial agriculture,
deforestation, coastal development and runoff, over-fishing, destructive harvesting
techniques, climate change, and other factors (Roberts et al. 2002; Pandolfi et al. 2003;
Bellwood et al. 2004; Birkeland 2004). Awareness that coral reef science has not
checked this decline has caused some of the world’s top reef scientists to re-examine the
paradigms that have driven research in coral reef conservation.

It is the widely held paradigms in a field that shape scientific objectives and goals.
In order to shift research focus toward new objectives, new paradigms must be designed
and adopted. To address current coral reef decline, top scientists are thus leading the way
toward shifting the field from a biocentric to social-ecological paradigm in order to

address the human role in reef decline and conservation.



In this chapter, I will explain how these two paradigms lead to different goals for
coral reef conservation and the importance of this shift toward social-ecological systems
thinking to meet contemporary conservation goals. I will then outline some recent and
important contributions to paradigmatic and applied coral reef conservation science and,

finally, indicate where my thesis work lies within this field.

1.2. Paradigms driving coral reef conservation
1.2.1. Biological paradigm

Since Banner’s (1974) observations of anthropogenic effects on coral reefs in
Hawaii, science for reef conservation has entailed a considerable multi-scale effort to
assess and monitor coral reefs worldwide. Just as standard methods to assess and
monitor reefs have not changed considerably over the past 30 years (Risk 1999), the
dominant approach to science in reef conservation remained descriptive, with the
objective of assessing reef “health” (Downs et al. 2005). Under this reef health
paradigm, coral reefs have been conceptualized as fundamentally ecological systems -
with several sources of external stress (Risk et al. 1999; Downs et al. 2005; Hughes et al.
2005; Owen et al. 2005).

By the mid 1980s, the scientific community had become aware of the extent of
damage to coral reefs that resulted from human activities and this concern was beginning
to be publicly perceived (Risk 1999). Reef science continued to describe and monitor
reef decline worldwide, and, in many countries, this eventually led to widespread
protective legislation to conserve coral reefs by including them in tropical marine

protected areas (MPAs). The number of MPAs worldwide that contain coral reefs has



been increasing at a global rate of about 40 per year over the past 10 years (Mora et al.
2006). This has resulted in 980 MPAs that cover almost 19% of the world’s coral reefs
(Mora et al. 2006). These figures, however, are misleading since only a fraction of this
area is covered by MPAs with effective management for conservation (Spalding 2001;
Mora et al. 2006).

One problem with management, where it has been attempted, is that the goal has
been to drastically reduce or remove human-caused stress on coral reefs. The reasoning
for this was that if human influence could be removed, reefs should naturally recover to
an optimal state of ‘reef health’ - usually defined in terms of maximum sustainable yield
or high percent cover of living coral (Hughes et al. 2005). Managing for high fish and
coral abundance, however, does not necessarily account for the functional dynamics that
define coral reefs by driving essential ecosystem processes. Furthermore, management
has been severely impeded by the limited human and financial resources usually available
to enforce restrictions and regulate access to MPA resources — especially in the poor
developing countries where the majority of coral reefs exist (McClanahan 1999). Thus,
despite protective legislation, and despite the extensive number of global reef research
and monitoring initiatives, coral reefs have continued to decline. While this has been the
result of complex interaction of political, economic and cultural factors, Risk (1999) also

attributed responsibility to a science that “failed the world’s coral reefs (p831).”

1.2.2. Shifting paradigms
Risk (1999) noted that in other scientific fields addressing environmental

problems, successful response typically followed a four-step pattern: identification and



awareness; accumulation of resources; monitoring and research; and finally,
management-policy interface. In reef conservation, according to Risk (1999), global
consensus on reef decline had already been achieved; international coral reef initiatives,
protective legislation and tools for management had been developed, and research and
monitoring had occurred to some degree in most tropical MPAs. The reason that coral
reef conservation had not mitigated the global decline of coral reefs was that the
complementary shift in research paradigms that should have occurred with these first
three steps had been delayed. Risk argued that by focusing so heavily on the singular
discipline of biology, reef scientists had not attempted to diagnose the causes of reef
decline in order to provide management options and facilitate conservation. Risk
proposed that for effective management, scientists should become managers in order to
close the gap between research and application (Risk 1999).

Since Risk (1999), there have been several more recent calls to shift approaches in
the field of coral reef conservation (Birkeland 2004; Downs et al. 2005; Hughes et al.
2005; Owen et al. 2005; Rinkevich 2005) and a new paradigm for coral reef science is
emerging. This paradigm leads to a geographical approach to conservation that aims to
maintain the resilience of coral reefs as coupled social and ecological systems (Walker et

al. 2004; Folke et al. 2004; Hughes et al. 2005; Adger et al. 2005).

1.2.3. Social-ecological paradigm
Since excluding human activity from coral reefs requires costly enforcement and
is usually not feasible, a human inclusive paradigm that conceptualizes coral reefs as

dynamic social-ecological systems has been endorsed by leading coral reef scientists like



Hughes (Hughes et al. 2004), Bellwood (Bellwood et al. 2005) and Folke (Folke et al.
2004). The objective of reef conservation under this paradigm is to understand the social
and ecological components of coral reef systems and to manage the social component in
the face of change in order to maintain its various ecological processes (Adger et al.
2005; Downs et al. 2005; Hughes et al. 2005).

The idea of resilience in ecological systems was first coined over 30 years ago by
Holling (1973) and this ecological concept has since been utilized in coral reef science
because of the dynamic nature of coral reef ecosystems. Holling defined resilience as the
capacity of a system to absorb disturbance while undergoing change so as to retain
essentially the same function, structure, identity and feedbacks (Holling 1973).

In terms of coral reef systems, changes in resilience can be caused by external
drivers operating at different scales such as rising seawater temperatures or crashes in the
market value of harvestable coral reef species. Internal drivers like disease or over-
harvesting that change the relative abundance of certain species can also change
resilience. These drivers can alter the system’s capacity to absorb future change, its
ability to adapt in order to maintain its current processes, and the likelihood that future
disturbance will move it into a different state. Large-scale functional changes on many
coral reefs have been causally linked to over-harvesting, pollution, and other
anthropogenic effects (Bellwood et al. 2004), illustrating the disproportionately large role
humans play in system dynamics. Humans can also drive change by defining
“untenable” states and desirable management goals for a system — evident in the various
reef restoration projects on reefs that have shifted from ‘desirable’ coral to ‘undesirable’

non-coral dominated regimes (GCRA 2006; NCRI 2006).



Two main streams of research pertaining to coral reef conservation fit within the
social-ecological paradigm. These address the resilience of coral reef systems on a
theoretical and applied level. The goal of research in resilience theory is to understand
how reef systems respond to different types of change, while applied management works
to influence change in order to maintain resilience. It has been argued that, until now, the
global decline of coral reefs has not actually been addressed by scientists in the field due
to a gap between marine science and management (Risk 1999). As scientists have
realized this, the division between paradigmatic science and applied science in coral reef
conservation is necessarily weakening and this is where the most promising work in coral
reef conservation lies. In the next section, I will discuss important contributions to both

sciences as they have co-evolved.

1.3. The cutting edge in coral reef conservation
1.3.1. Paradigmatic science addressing resilience

Holling’s (1973) conceptualization of resilience has recently been taken on as
guiding principle for coral reef conservation under a human-inclusive paradigm that aims
to sustain the goods and services provided by coral reefs (Bellwood et al. 2004). To
utilize this concept of resilience for conservation, social and ecological variables that
define the stability landscape in coral reef systems must first be identified, then system
responses must be causally linked to specific social actions in order to promote social and
ecological resilience and discourage system transformations.

Much of our current understanding of coral reef dynamics can be attributed to the

work of Done (1992) on phase shifts and Hughes (1994) and Connell (1997) on the role



of disturbance in coral reef communities. Some important contributions in terms of
conservation have been made by international coral reef conservation organizations that
have provided baseline data and set up institutions for social capacity building and long-
term monitoring of reefs. At the forefront, several scientists are pushing the field to
develop this idea of resilience and provide an explanation for the dynamics of coral reef
systems, and research has come far since global consensus on coral reef decline was
reached. In terms of theoretical background, social-ecological resilience and its
application to coastal systems has been clearly explained by Adger et al. (2005).
Bellwood et al. (2004) have contributed toward identifying the variables that define
functionality of coral reef systems. Risk (2001, etc.) has focused on developing an
interdisciplinary reef science that links social activity to ecological responses of these
variables. In 2001, Jameson published practical guidelines for measuring system
responses to specific activities using diagnostic indicators as tools for conservation
management.

Impressive international monitoring efforts by groups like the International Coral
Reef Initative (ICRI www.icri.org), Australian Institute for Marine Science (AIMS
www.aims.gov.au), the Global Coral Reef Monitoring Network (GCRMN
www.gcrmn.org), ReefBase (www.reetbase.org) and Reefcheck (www.reefcheck.org), as
well as local efforts by individual scientists, have provided ecological baselines and have
contributed substantially to our understanding of the global extent of reef decline and
possible causes of this decline. These studies mainly employ standard reef survey
techniques described by Risk (1999), but have begun to incorporate GIS technology to

look at larger than reef-scale patterns (CCC 2005). International organizations have also



embarked on partnerships with other organizations and local communities to carry out
research and facilitate capacity-building (Dight & Scherl 1997; UNEP 2004). The role of
these institutions in coral reef conservation has been considerable since they have the
capacity to work at larger spatial and temporal scales than individuals and may have more
accessibility to information and resources than governments (Dight & Scherl 1997).

Since 23% of the human population currently lives within 100km of coastlines
that are susceptible to natural disasters (Adger et al. 2005), understanding resilience to
disasters is important. But the effect of natural disasters also gives considerable insight
into resilience and the linkages within social-ecological systems (Hughes et al. 2005).
Adger et al. (2005) looked at social-ecological resilience using case studies of past
responses to coastal disaster. They examined the role of social-ecological resilience in
responses to the 2004 Indian Ocean tsunami and hurricanes in the Caribbean. They
found that the resilience of certain areas around the Indian Ocean and in the Caribbean to
coastal disaster encouraged rapid response and recovery. In other areas that were subject
to chronic degradation by activities like over-fishing, pollution, coral mining and
deforestation for shrimp farming, recovery was much slower.

Ecologically, these activities can affect biotic processes by removing functional
groups (species that carry out specific ecosystem roles), or by reducing functional group
redundancy which provides a buffer against the loss of ecosystem processes (Bellwood et
al. 2004). Physically, they can degrade potential barriers like mangrove forests and coral
reefs (although these can be effective barriers for storm disturbance (Danielson et al.
2005) there is debate over whether they influenced the magnitude of tsunami inundation

— see Kathiresan & Rajendran 2005,2006; Kerr et al. 2006). Socially, they drastically



reduce the potential for alternate livelihoods within coastal communities. Adger et al.
(2005) noted the role of knowledgeable, prepared and responsive institutions in areas that
exhibited coastal resilience. They concluded that certain factors characterize socially and
ecologically resilient systems including: sustainable use that maintains ecosystem
functions, maintenance of a local memory of resource use, the ability of systems to
respond to environmental feedback, ecological diversity, livelihood diversity, social
capital, and inclusive governance that reduces the perverse incentives encouraging the
destruction of natural capital.

In Bellwood et al.’s (2004) review of past fisheries research in the Caribbean,
they address the question of scale and emphasize the importance of a functional approach
to reef science. Whereas past scientific inquiry was aimed at maintaining biodiversity at
the species level, they argue that focusing on functional groups is more likely to achieve
conservation goals to maintain ecosystem functioning (ie. resilience). This is because
managing for overall high species diversity may not maintain redundancy for some
ecosystem processes — especially if certain key roles are only filled by a single species.
Bellwood et al. (2004) propose that understanding ecosystem functions allows for inquiry
into how coral reefs systems will respond to increasing human impact, and management
to sustain these functions will increase the capacity of coral reef systems to resist phase
shifts and regenerate in the face of disturbance. The change to a functional approach in
coral reef science requires that past descriptive methods become diagnostic to determine
the cause of functional changes.

Risk (2001) has been advocating that scientists should also be managers and his

work is where the distinction between paradigmatic and applied science becomes fuzzy.



Risk is concerned with how to design a reef science that addresses causality, and in 2001,
he proposed an interdisciplinary method for carrying out diagnostic reef science. He
outlined two necessary steps for this process. First, stress in a system should be
identified (as change to resilience), and this can be achieved locally using various
standard methods for reef evaluation. He argues that each method, used properly, should
detect stress at some level if it exists, but cannot determine the ultimate cause of stress.
The next step would then be to diagnose the cause (the variables that drive change). This
requires geochemical understanding and techniques for analyzing isotopes in coral tissue
in order to detect sewage, siltation, thermal and light level effects on reefs.

Work by Jameson also straddles the paradigmatic/applied boundary in reef
conservation science. Like Risk, he addresses the question of what causes coral reef
decline. Jameson (2001) focuses on how to detect and measure ecological responses to
influential drivers. In terms of the stability landscape, this refers to how the system is
moving along its latitude of resilience. He also argues that while global reef monitoring
efforts have provided considerable information, they have usually only had the capacity
to identify change in conditions, not ultimate causes of these changes (Jameson 2001).
By reviewing past research, he has developed a framework for selecting diagnostic
indicators that can distinguish between human and environmental causation. These
indicators can be powerful tools for understanding and managing the adaptability of coral
reef systems (Dinsdale & Harriot 2004).

The science described thus far is fundamentally concerned with the theory of
resilience. Designing or unearthing a normative theory is essential for providing unified

goals within the field (Downs et al. 2005), but, at local scales, scientists must be more
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concerned with finding solutions to very specific problems. This has given rise to the

applied stream of scientific research in coral reef conservation.

1.3.2. Applied science addressing conservation management

While external drivers can disrupt reef functioning, it is the internal components
of a system that can be managed feasibly at each scale. Since human activity can
overwhelm all other internal processes of coral reefs, and since human behaviour can be
managed, in theory, the focus of recent work related to adaptability has been on the
management of coral reef use. Important contributions to applied science relevant to
coral reef conservation come from Russ and Alcala (1999) on community-based
management, Roberts (2005) on marine reserves, and Hutton and Leader-Williams
(2003) regarding incentive-driven conservation.

Over the past decade, management goals have been directed toward the theory of
adaptive management. The stages of adaptive management are illustrated in Figure 1.
The adaptive management process begins with the definition of conservation targets
based on broad goals for conservation within a coral reef system. Management
applications are then designed to maintain these targets for conservation and these are
implemented. The system is then monitored scientifically using diagnostic indicators
(Jameson 2004) to give feedback on the effectiveness of management. The idea behind
this is that management itself becomes a process of scientific inquiry, breaking down
traditional barriers between scientists and managers. The strength of this process lies in
its ability to continually evaluate management and respond to the dynamics of social-

ecological systems.
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Figure 1.1 — Steps in the process of adaptive management (Dearden pers comm.)

While adaptive management is endorsed by many (Russ & Alcala 1999; Jameson
et al. 2002; Dinsdale & Harriot 2004; Tompkins & Adger, 2004; Downs et al. 2005;
Hughes et al. 2005), there are very few cases where management has moved beyond the
design stage to actual implementation in this field. The reasons for this are many and
have been discussed by several authors (Dight & Scherl 1997; Risk 1999; Russ & Alcala
1999; UNEP 2004; Downs et al. 2005). Although coral reef scientists have rarely driven
this adaptive management loop (Figure 1), several tools for conservation have been
developed.

Roberts has been studying the ecology of marine reserves for several years,
addressing problems related to designing marine reserves in terms of size and boundaries
(Roberts & Hawkins 1997; Roberts 1997), management strategies (Roberts et al. 2005)
and regional prioritization (Roberts et al. 2002). Roberts argues that since global

fisheries are by far the largest anthropogenic impact on coral reefs and considering the
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declining status of commercially important stocks worldwide, setting up an international
network of marine reserves is imperative for reef conservation (Roberts et al. 2005).
Roberts concludes that no-take marine reserves are essential tools that require rapid
implementation in order to protect many species of coral reef fishes from imminent
extinction (Roberts et al. 2001, 2005).

Other less restrictive protected areas designations exist. Since marine harvesting
and tourism are the largest revenue producers associated with reefs, many tropical MPAs
were designated with the objective of managing extractive use while maintaining pristine
conditions for tourism (Roberts & Polunin 1991; Russ & Alcala 1999). This is a tricky
balance and most tropical MPAs have not achieved either of these objectives (UNEP
2004; Mora et al. 2006). Concern over this failure has led many scientists to ask why
there is this lack of effective management.

One reason commonly proposed for this is a lack of community involvement in
MPA management (Jameson et al. 2002). Community-based management is advocated
since people will be more likely to comply with management policies if they understand
management objectives and are involved in the development of management regulations
and in the implementation and maintenance of this management (Russ & Alcala 1999).
Definitive work on this topic was conducted by Russ and Alcala (1999) in a comparison
of almost 20 year-long management histories of the Sumilon and Apo Marine Reserves in
the Philippines. They used a variety of methods including social and ecological
fieldwork, interviews, communication with other scientists who had done work in the
reserves and a review of available relevant scientific literature to determine what factors

could contribute to reserve success. They found that all of the conservation objectives of
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the Apo Reserve had consistently been met, whereas the Sumilon Reserve had fluctuated
between implemented management and periods of no management and had ultimately not
met any of its management objectives. They concluded that the distinguishing factor in
these different outcomes was the level of community support for management. At Apo,
management success was clearly the result of the effective integration of institutional and
community-based management for common conservation goals. This was possible
because the community was able to perceive the benefits of being involved.

Community-based management is useful for coral reefs that have adjacent
dependent communities. But there are many remote coral reefs that do not have potential
for this kind of integrated management. Furthermore, achieving community-based
management is challenging in most of the tropical countries with coral reefs because
institutions are typically weak, development is prioritized over conservation and people
often exploit scarce resources in order to survive. In these areas, human exclusion or
strict legislation to prevent over-exploitation is neither feasible nor desirable for social-
political reasons. An alternative option for implementing conservation in these scenarios
is through incentive-driven means (Hutton & Leader-Williams 2003).

Hutton and Leader-Williams (2003) discuss whether a combined strategy of
protection and use, or ‘sustainable use,” can exist. They redefine the term ‘sustainable
use’ into one that is workable, arguing that the common interpretation of the term is one
that justifies extractive use without considering future sustainability. Since strictly
protected areas and areas with managed resource extraction are not actually conserving
resources, conservation must become a “competitive form of land use... driven by

incentives that motivate people to conserve (p220).” These incentives do not only have
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to take the form of tax subsidies and penalties to encourage or discourage certain
behaviours (Myers & Kent 2001). They can exist in many forms and may be social,
ecological or political as well as economic (Hutton & Leader-Williams 2003). For
example, marine ecotourism industries have multiple incentives to practice marine
conservation since they are highly dependent upon aesthetic qualities of the marine
environment (Bennett 2002; Dearden et al. 2007). In a meta-analysis of 251 ecotourism
case studies, Kruger (2005) found that social, economic and cultural benefits can be even
greater than extractive benefits on coral reefs.

The challenge, however, is always in creating widespread awareness of these
benefits so that resource users will buy in to conservation over the long-term. For this,
conservation incentives must be consistent with other existing social, political and
economic incentives; and they must be perceived to outweigh conflicting incentives to
exploit the resource-base. As well, the opportunity to perceive incentives for long-term

conservation must be created.

1.4. Thesis objectives

This thesis is an attempt to build on previous research of members of the
University of Victoria’s Marine Protected Areas Research Group and to straddle the
social and ecological divide that has existed in coral reef conservation. The overarching
goal of the project was to contribute to understanding of how underlying dependencies
between social and ecological systems can be utilized for coral reef conservation. This is
a case study examining the individual and linked responses of two small Andaman Sea

coast communities in Thailand to the 2004 Indian Ocean tsunami.
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Thailand’s coral reefs lie within the East Indies Triangle, an area that contains the
world’s highest marine biodiversity (Allen & Werner, 2002). This region is
evolutionarily important as it is thought to be the origin of most Indo-Pacific marine
biodiversity (Bellwood et al., 2005; Briggs, 2005). Ecologically, these reefs are dynamic
systems and they have historically provided coastal communities with sustenance, coastal
protection, livelihoods, recreation and cultural benefits. However, coastal population
growth and improving technologies that have facilitated the over-exploitation of
Thailand’s coral reefs have compromised their resilience. Recently, catastrophic
disturbances like the warming events in 1997/1998 and the tsunami in 2004 have further
affected their resilience. Even though over 50% of Thailand’s coral reefs fall within
marine national park boundaries, protective regulations are rarely enforced (Lunn &
Dearden 2006). Since traditional tools for marine conservation have not addressed most
stresses on coral reefs, alternative strategies such as incentive-driven conservation may be
very important for the future of Thailand’s coral reefs (Spalding et al. 2001; Dearden et
al. 2007).

The 2004 Indian Ocean tsunami created a physical and social disturbance along
Thailand’s Andaman coast. The response of ecosystems and human communities to this
disturbance clearly illustrated the fundamental integration of society and ecology. My
thesis research grew out of this observation, and it is both theoretical and applied in
nature. This research addresses three key themes in a distinctly geographical approach:
integration, spatial differentiation, and application.

Following this introductory chapter, I have written two papers, followed by a

concluding chapter. These papers are an attempt to address some key challenges in
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marine conservation by straddling disciplines in an integrated ecological and social
approach. In the first paper, I will examine the tsunami as a large-scale ecological
disturbance on coral reefs within Mu Koh Surin Marine National Park in Thailand. The
purpose of this research was to learn how reefs responded to this event and what factors
may have shaped the spatial nature of this response. In the second paper, I examine the
tsunami as a social disturbance for Phuket’s diving industry. The purpose of this research
was to learn how the diving industry responded to the tsunami’s effects on coral reefs and
to explore the potential of the industry to help alleviate challenges in the application of
marine conservation in Thailand. In the concluding chapter, I will review the main
findings of both papers and highlight the important links between them. Based on this
and past research, several recommendations will be made for future management of Koh
Surin’s coral reefs and for fostering sustainability and incentives for marine conservation

among members of Phuket’s diving industry.
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CHAPTER 2: Physical response of fringing coral reefs of Mu Koh Surin Marine
National Park, Thailand, to the 2004 Indian Ocean Tsunami

2.1. Introduction
2.1.1 Coral reef biology

Coral reefs are some of the most productive and biologically diverse systems in
the world. The reason these systems can exist and be highly productive within nutrient-
poor tropical oceans is due to the unique evolution of an association between tiny coral
polyps and a unicellular zoxanthellae symbiont. This symbiont provides the nutrients that
enable Scleractinian coral polyps to secrete enough calcium carbonate (CaCOs) to build
the massive frameworks that house corals and provide habitat for the entire assemblage
of reef-associated species.

Competition is one of the main biological interactions among corals that affects
reef structure by controlling local diversity and relative species abundances (Jackson
1977). There are a variety of competitive mechanisms that allow corals to replace or
eliminate each other directly or indirectly. Some complex competitive strategies are
extra-coelenteric digestion, the use of mesenterial filaments and sweeper cells, mucus
secretion, overgrowth, shading and chemical release (Goreau et al. 1979; Rogers 1993).
The outcome of these interactions depends on the species involved, the size and age of
organisms, morphological diversity, and physical factors such as substrate topography
and distance between organisms.

Because high productivity for corals is only possible through photosynthesis, light
is a fundamental limitation for tropical coral reefs, restricting reef development to

dynamic shallow waters. This means that the rate at which CaCOs secretion (i.e.
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productivity) occurs must be considerable in order to balance high rates of physical (as
well as biological) erosion in these systems (Goreau et al. 1979). Within this competitive
and dynamic regime, physical disturbance can be viewed either as a disruptive process or

as an intrinsically structuring one.

2.1.2 Disturbance on coral reefs

Terrestrial ecological understanding has provided the foundation for explanations
of changes in species assemblages on coral reefs over time (Connell 1978; Karlson &
Hurd 1993). Earlier explanations proposed that changes in relative species abundance
and dominance could be expected to proceed through a predictable, biologically-driven
succession toward some climax equilibrium state (Odum 1969). Underlying this theory
was the assumption that environmental conditions remain relatively stable; disturbance
was viewed as extrinsically disruptive, but not structuring. Although stability has been
observed at some scales in terrestrial systems, marine environments are highly dynamic
at most scales, and there is no compelling evidence in the literature for a stable state
“equilibrium” on coral reefs. Instead, these systems appear to be defined by continuous
change, with biological and environmental disturbances driving this change.

Since competition is a dominant interaction for most coral reef building species,
space may be one of the most important limiting resources for corals (Jackson 1977). By
creating space, therefore, disturbance can be viewed as an intrinsic process, as it
constantly influences changes in abundance, diversity and the spatial distribution of

species assemblages on coral reefs over time (Connell 1978; Connell & Keough 1985;
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Karlson & Hurd 1993; Rogers 1993). The life-history strategies of reef-building corals
seem to provide support for this theory.

As Grime (1973) proposed for terrestrial plants, individual coral species can also
evolve unique strategies for long-term reproductive success in a disturbed environment
(Goreau et al. 1979; Edinger & Risk 2000). They may become successful colonizers,
competitors, stress-tolerators, or some combination of the three. In an environment
without external stress, one would expect that competitive strategies should dominate
over time. However, periodic disturbance can inhibit long-term competitive dominance
to facilitate the success of different strategists and allow for greater diversity by reducing
competitor abundance, clearing substrate for colonizers, and allowing stress-tolerant
species to persist (Connell 1978). The fact that several coral species are morphologically
predisposed toward fragmentation, and can reproduce asexually in this way, combined
with the fact that well-developed reefs typically exist in highly disturbed environments,
provides good reason to view disturbance as an intrinsic process (Highsmith 1982).

Change created by disturbance can be measured on reefs at all scales, but the
importance of disturbance is harder to quantify. One approach for assessing the
ecological significance of a particular disturbance event is to quantify change and
measure significance in terms of outcome, or recovery, back to a pre-disturbance state.
Done (1992) has documented several examples in which coral reefs have undergone a
change to a persistent algal-dominated state after substantial stress, rather than recovering
to their pre-stress state of coral dominance. It seems that whether or not recovery occurs

— whether the event is ecologically significant — depends upon the scale of the event
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(magnitude and whether chronic or acute), and the inherent resilience of the reef system
(Done 1992; Rogers 1992; Folke et al. 2004).

Resilience is the ability of a system to absorb recurrent disturbances and still
maintain essential structures, processes and feedbacks (Holling 1973). Resilience is partly
a function of past history; for example, coral reefs subject to chronic disturbance, with
short intervals between disturbance events, will be less able to deal with future stress than
reefs with a sufficient chance to recover between disturbances (Connell et al. 1997). Itis
also a function of natural variation in reef structure and the presence of other sources of
stress. Determining the ecological significance of a single source of disturbance on a
coral reef requires long-term monitoring and can be extremely challenging as other
disturbances may occur simultaneously and interact synergistically (Hughes & Connell
1999).

Disturbance on coral reefs can occur at all scales and can arise from a multitude
of sources. These have been categorized as ‘anthropogenic’ or ‘natural’ — although the
distinction is becoming more obscure under emerging ideas of coral reefs as linked
social-ecological systems (Walker et al. 2004; Adger et al. 2005). As many coral reefs
are either located in close proximity to dense human populations, or are used heavily by
tourists, they are susceptible to substantial stress. Some direct disturbances to coral reefs
include pollution by terrestrial runoff, sedimentation, over-harvesting, noise pollution,
destructive fishing techniques, mechanical damage from fish nets and garbage,
anchoring, diving, vessel grounding, as well as gray and black-water pollution.

Although management is necessarily targeted at human activity, background

natural disturbance regimes will influence the resilience of these systems to further stress
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associated with human use. Therefore, understanding the mechanisms, dynamics, and
outcome of natural disturbance within these systems is highly relevant to management for
coral reef conservation. Natural disturbances may be biotic, such as changes in predator-
prey interactions (for example, predatory Acanthaster plancii outbreaks, herbivorous
Diadema population crashes — see Done 1982), or abiotic, such as environmental fluxes
(for example, nutrients, light or temperature level changes), hydrodynamic disturbance

during storms, and, more rarely, tsunamis.

2.1.3 Hydrodynamic disturbance

Large-scale events such as tropical storms have been recognized as intrinsically
structuring sources of disturbance in coral reef systems (Connell 1978, 1997; Rogers
1993; Connell et al. 1997; Gardner et al. 2005). Physical changes are brought about
directly by high energy hydrodynamic forces associated with wave disturbance. Coral
fragments and terrestrial debris carried onto the reef surface by this primary disturbance
can then cause secondary mechanical damage as they are transported by wave motion and
tumbled across the reef surface during storms. In these ways, tropical storm disturbance
can create sudden and dramatic physical changes on reefs — and typically with overall
high spatial variability, or patchiness (Woodley et al. 1981; Edmunds & Witman 1991;
Rogers 1993). Typical storm damage to corals includes toppling, fragmentation, tissue
damage, bleaching, and smothering (Bries et al. 2004). Several researchers have
documented immediate effects of storm disturbance on reefs and noted high spatial

variability linked to scale, the presence of other stresses, and natural variability among
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sites (Woodley et al. 1981; Rogers 1992; Dollar & Tribble 1993; Bythell et al. 2000;
Bries et al. 2004; Gardner et al. 2005; Rogers & Miller 2006).

Water depth, wave exposure, site orientation, and the composition of bottom
communities have all been causally linked to spatial variability in storm effects on reefs
(Rogers 1992). The heaviest effects usually occur where waves break at the reef crest
(Woodley et al. 1981; Rogers et al. 1992), except on steeper reefs (45° and over), where
storm-generated debris can avalanche down-slope (Rogers, 1992; Dollar & Tribble,
1993). The orientation of sites to storm approach is fundamentally important in the level
of damage that is sustained. Sites on leeward shores are more susceptible to storm effects
than sites that are exposed to frequent weather because they are not adapted to
hydrodynamic disturbance (Harmelin-Vivien & Laboute 1986; Rogers 1992; Bries et al.
2004). Bottom community composition can also influence hydrodynamic force due to
variations in reef topography that control flow dynamics (Rogers 1992).

At a given magnitude of disturbance, characteristics of individual colonies —
especially variation in the morphology of Scleractinian corals — can lead to variation in
reef response (see Mah & Stearn 1986; Hughes 1987; Marshall 2000; Madin 2005;
Storlazzi et al. 2005). Hughes (1987) compared skeletal density and morphology in
ramose (branching), massive (boulder-like) and foliaceous (plate-like) corals and found
that skeletal density is strongly related to growth form. He determined that branching
morphologies exhibit a large range in skeletal density such that outer regions are highly
brittle and readily respond to storm disturbance (this potentially facilitates asexual
reproduction by fragmentation — see Highsmith 1982). Conversely, large boulder-like

morphologies have low density skeletons, but their shape is highly resistant to
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hydrodynamic disturbance. Plate-like morphologies have the densest skeletons, but in
shallow regions they are still highly susceptible to breakage. High density of these
skeletons appears to be a developmental adaptation since heavy plates would collapse
under a porous framework (Hughes 1987).

Because storms occur frequently over tropical oceans, there has been much
opportunity to study the effects of storm-generated hydrodynamic disturbance on coral
reefs. Until the 2004 Indian Ocean tsunami, however, few other sources of large-scale
hydrodynamic disturbance have been documented on coral reefs. This event provided
one of the first opportunities to observe the effects of tsunami disturbance on coral reefs

in situ.

2.1.4 The 2004 Indian Ocean Tsunami

On the morning of December 26, 2004, a slip along 1600km of the Sunda and
Indo-Australian subduction interface off the NW coast of Sumatra generated the = My,
9.2 Sumatra-Andaman earthquake (Meltzner et al. 2006). The massive vertical
displacement of overlying seawater along the fault initiated a tsunami that reached run-up
heights of 25-30m on Sumatra’s NW coast (Stein & Okal 2005), and traveled through the
Indian Ocean with catastrophic effects along coastlines throughout SE Asia (Figure 2.1).
Most areas directly adjacent to the Sumatra/Andaman earthquake epicenter were
indiscriminately affected by the synergized forces of the massive earthquake and tsunami
waves. With increasing distance, however, spatial patterns in the terrestrial and marine

effects of the tsunami began to emerge as energy dissipated. About one hour after the
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initial earthquake, the series of tsunami waves and associated surge reached the Andaman

Sea coast of Thailand.
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Figure 2.1. Location of the 2004 Indian Ocean earthquake and tsunami

Tidal station records and post-tsunami surveys have given limited information
about tsunami wave magnitudes and run-up heights in some locations along the coast
(Tsuji et al. 2006), and numerical modeling has not yet been completed due to the lack of
detailed bathymetrical knowledge of this region. While details of tsunami wave
properties for most of the Thai Andaman Sea are unknown, some general trends exist
(Rabinovich & Thomson in press). Based on tide gauge data, it appears that the
maximum wave heights occurred further along in the wave train with increasing distance
from the source; tsunami energy decay times also increased with increasing distance from

the source; and the wave oscillations overall were polychromatic but a dominant period
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of 40-50 minutes was perceptible. These generalizations correspond well with in situ
observations at Mu Koh Surin, Thailand.

Mu Koh Surin Marine National Park is located off Thailand’s Andaman Sea coast
and about 750km from the earthquake epicenter (Figure 2.2). It is a group of five islands
and two rocky pinnacles with well developed fringing limestone reefs along several
coastlines. Coral reefs within the park have been well studied by national and
international research teams (Simon & Chantana 2000; CCC 2005), including the
University of Victoria (Theberge 2002), whose research has been supported and
facilitated by park management and staff. In late December, 2004, baseline reef surveys
for Kasetsart and Ramkamhaeng Universities in Thailand were being conducted by
SCUBA within the park. On the morning of the tsunami, I was surveying at Ao Suthep
(‘AS’ in Figure 2.3) with the research team. This was a shallow fringing reef site with
high profile corals, low exposure and minimal current flow.

Under water, unusual currents were felt 1-2 hours after the initial quake. These
currents were directionally inconsistent across the reef surface. Currents rapidly built in
strength and we were carried 5-10m up to the surface and channeled through exposing
massive coral heads to deeper water as shallower areas of the reef became exposed.
Seawater height fluctuated about 3-5m from sea level (observed against a large boulder
on shore) as the wave approached and broke along the shore in a rooster-tail from west to
east. In the 25-30 minutes until the next large wave approached, there was a tremendous
amount of surge with less drastic, but consistent, changes in seawater height, and smaller
rooster tails along the shore from the west. The volume of the second wave appeared

larger than the first and moved in a similar path. The third wave was much smaller.

30



— -
o THAIL g ;
g’L i Bangkok *® N o ‘-"
1 .
/ % | { @
% [ 4
N ; r_: \_r z
| Y ;@
. L5
° ! 9
c ‘_‘_ i >
3 & ‘
o N, N
ot i ]
Andaman ; Gulf
!
Sea v of
A o
& Thailand
*
Mu Koh Surin
Marine National i
Park \D g
/"D . Phangnga
Mu Koh Similan
Marine National .
Park « Krabi
Phuket « Trang
A e ".;‘éaturl
,‘ - =om) i
et !‘_‘ +
0 100 km 4”4 ‘_'.r o
1 ] | 4L et
A% §7 a

Figure 2.2. Location of Koh Surin in the Thai Andaman Sea

Surge remained quite strong over the next several hours close to shore and much
terrestrially originated debris could be seen moving across shallow reef areas and floating
throughout the park (about 8 hours after the initial tsunami wave, those of us staying at
the park were evacuated to a cruise ship in deep water). According to visitors on land,
large amplitude tsunami waves traveled from the west through the channel between the
two largest islands, Surin Tai and Nua (Figure 2.3), scouring over the beach and causing
large trees to fall (Figure 2.4a), destroying park buildings and dragging debris across the

beach and into the sea (Figures 2.3b,c), transporting coral boulders east through the
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channel (Figure 2.4d) and carrying several tourists and their belongings into the water.
On the beach in Mai Ngam bay (Figure 2.3), the tsunami did not penetrate far into the
forest, but caused substantial erosion falling trees along the shore.

After observations of unprecedented coastal destruction, scientists expected
substantial damage to the Andaman Sea’s coral reefs (Brown 2005). However, effects
seemed relatively minor overall, with high spatial variability at several scales. Although
tsunamis have occurred in this region in the past, until this event there had been no
reference to the effect of tsunamis on coral reefs in the literature. In the context of rapid
global decline of coral reefs, understanding mechanisms of change is critical. The
purpose of this research was to gain understanding of the tsunami as a large scale natural
disturbance on fringing coral reefs of Koh Surin by describing the nature of tsunami
effects and examining some geographical factors which may have contributed to
variation in these effects.

The specific questions addressed by this study are:

1. What was the physical response of Koh Surin’s fringing reefs to hydrodynamic
disturbance associated with the tsunami event?
2. Was there a relationship between variation in the magnitude of tsunami effects on

Koh Surin’s fringing reefs and differences in the

a) profile of reefs?

b) morphology of reefs?

c) depth of overlying water column on reefs?

d) geographical location of reefs?
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3. Which of these factors were most influential in discriminating among sites with
varying levels of effect?

In the following sections, the study area will first be described and then methods
of data collection and analysis will be explained. The results of this research will be
reported, followed by a discussion of the findings and research design as they apply to the
purpose of this study. In the conclusion, the ‘ecological significance’ of this research and

prognosis for future recovery of reefs at the Surin Islands will be addressed.

2.2 Materials and Methods
2.2.1 Study area

Mu Koh Surin Marine National Park (Figure 2.4) is located 60km off the
northwest coast of Thailand, lying within 9°3°30” - 9°21°50”N and 97°48°00” -
97°54°25”E. Two large and three smaller granitic islands comprise the terrestrial
component of the park. A substantial 76%, (102km?) of the park is marine, with up to
8km? of complex shallow fringing coral reef that supports one of the highest diversities of
reef-associated biota in the country (Worachananant et al. 2004). Large fringing reefs
have formed along more protected coastlines of the five islands and consist of a gently
sloping reef flat from 1-5m deep that extends out to the reef crest and gradually slopes
down to the sandy ocean floor anywhere from 10 to 23m deep at the deepest point.
Shallow patch reefs are found adjacent to some fringing reefs and in the narrow channel

between Surin Tai and Nua.
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The coral reef system here is mainly Scleractinian with some soft corals and
gorgonians in deeper areas. The families Acroporidae, Pocilloporidae, Faviidae,
Poritidae, Agariciidae, Fungiidae, Mussidae and Dendrophyllidae are well represented.
Low profile, wave-resistant morphologies, especially evident in branching morphologies,
have developed in more exposed regions of fringing reef, while protected sites and

deeper regions with minimal surge tend to support higher profile colonies that provide
complex three-dimensional habitat for other benthic organisms.

The main source of natural disturbance to these reefs is storm wave stress during
the annual SW monsoon which begins in late April and builds to its strongest in July and
August (Theberge 2002). As a result, the west coasts of the islands are mainly bare rock
and encrusting corals with a predominance of wave-resistant morphologies on more
exposed reefs (Jackson & Chantana 2000). Large-scale disturbances such as the 1995
and 1998 Andaman Sea warming events (Phongsuwan 1998; Worachananant et al. 2007)
have affected this area sporadically. The 1995 event led to limited bleaching and minor
algal proliferations (Simon & Chantana 2000). Small groups of Acanthaster plancii
(Crown-of-thorns starfish) have been observed on some reefs, but there have been no
recorded population outbreaks. Sedimentation has 