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CHAPTER 1 
 
GENERAL INTRODUCTION: EXPLORING THE ECOSYSTEM 
HEALTH CONCEPT 
 

1.1 Introduction 
 
The foundations of the ecosystem health concept began in the 1940s with writings by 

Leopold (1949) who described the need for a land ethic, where land is seen as a community 

to which people1 belong. The ethic suggested that development is conducted with 

consideration for the needs of the environment, thus ensuring that the land and therefore 

people are healthy. Ecosystem health, which at its root refers to the capacity of a system 

(whether biological, social or mechanical) to preform normal function, is being integrated 

into environmental management policy (Costanza et al. 1992; Rapport et al. 1998a). 

Ecosystem health was expressed as an objective in the Rio Convention on the sustainable 

development of the environment and has been adopted in some, but not all public domains 

(Rapport 2003). Importantly, ecosystem health builds a broad consensus of what is a 

healthy environment and brings together an extensive range of people, such as landowners, 

farmers, tourist operators, environmental management agencies, non-government 

organisations and conservationists into environmental management. However, there is 

contention about the concept and the extent to which it should be used to inform 

environmental management policy.    

 

The ecosystem health concept relies on a description of the environment along a gradient 

determined by biological condition and human disturbance (Karr 2000) (Figure 1.1). The 

state of the environment is described as healthy or not. A healthy environment is deemed 

sustainable, able to supply requirements for both human and non-human communities. 

Conversely, an unhealthy environment is unsustainable and requires a change in activities 

conducted by people to improve its condition and re-establish the function of the 

environment (Karr 1999). Conceptually, ecosystem health is logical; however 

                                                           
1 People in this thesis are members of contemporary society, which work and reside in a region adjacent to a 
natural resource and could be involved or provided with incentives to participate in environmental 
management. These people may or may not have expert and / or local knowledge of the environment. 
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implementing the concept has proved difficult. The greatest problems in implementing the 

concept and the focus of my research are the identification of indicators that could be used 

to describe the environment along the health gradient and the combination of social and 

ecological data to describe when an environment changes from healthy to unhealthy. 

 

Figure 1.1 The ecosystem health concept describes the condition of the environment using 

two dimensions, biological condition and human disturbance (from Karr 2000). Describing 

the change in condition of the environment along the health gradient (arrowed line) and 

identifying the point (somewhere in the vicinity of T) at which the environment changes 

from healthy to unhealthy (dashed line) are the major problems encountered in using the 

ecosystem health concept.  
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Examining the “ecosystem health” concept further reveals that both words are difficult to 

define and require subjective judgements. Callicott et al. (1999 page 27) described 

ecosystems as “devilishly complex and wonderfully idiosyncratic.” Ecosystems have no 

obvious spatial boundary, but are portions of the landscape that researchers arbitrarily label 

(Fitzsimmons 2003). Defining ecosystems is particularly difficult in a marine environment, 

where juveniles and adults of some species, which are the components of the ecosystem, 

move regularly between systems, so that at any one time different components may be 
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present within each ecosystem. Ecosystems are not organised in the same manner as 

organisms and therefore, the health concept is suggested to be inappropriate when applied 

to them (Rapport 2003). Individual organisms within an ecosystem are not striving for the 

survival of the entire system, but with their own survival (Callicott 1995; Harwell et al. 

1999; Wilkins 1999). Ecosystems are in flux because of natural disturbances, therefore the 

components and processes within an ecosystem are changing over time, which makes a 

description of health status difficult (Ehrenfeld 1992). However, organisms within an 

ecosystem are interconnected and energy flows through the system, when these processes 

and functions are within the relevant hierarchies of organisation and cycles of change that 

control system behaviour, then ecosystems are said to be healthy (Campbell 2000).  

 

The term ‘health’ is criticised as being value-laden and difficult to measure. The definitions 

of health are socially constructed and its subjectivity could cause variations in the definition 

of a healthy environment between different groups of people (Callicott 1995; Fitzsimmons 

2003). The subjectivity of the term healthy means that it could be manipulated by parties 

for their own benefit. To reduce the subjectivity of the term ecosystem health, Rapport et 

al. (1998c) suggested that ecologists determine the objective parameters of healthy 

ecosystems and within those parameters, people could determine how the ecosystem should 

be altered to achieve various social goals. For example, to identify the success of a 

watershed rehabilitation process, stakeholders agreed that the quality of the water, certain 

landscape elements and the availability of ecosystem services, such as recreational use, 

would be required to describe whether the areas could be defined as healthy or not (Hilden 

2000).  

 

The ecosystem health concept is contentious (Suter 1993; Wicklum & Davies 1995; 

Lancaster 2000; Fitzsimmons 2003; Lackey 2003) because it links scientific ideas and 

value judgements. The proponents of ecosystem health describe the concept as one that 

would encourage people to be involved in natural resource management, thus achieving 

positive outcomes for both people and the environment (Orr 2002). Policy goals that 

protect health, whether landscape, rivers or children are likely to engage the publics interest 

and gain support (Karr 2000). Those opposed to the concept describe it as a system for 
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managing the environment using emotive value judgements, not independent scientific 

reality (Suter 1993). The ecosystem health concept views the environment in a holistic 

manner and promotes collaboration between people and management agencies. In contrast, 

Westernised natural resource management often focuses on managing the natural resource 

using centralised top-down control that often excludes people from the decision making 

process (Bryant & Wilson 1998). The top-down control policies have solved some of the 

conspicuous environmental problems, such as pollution emissions, but have failed to solve 

the others. The major reason that top-down approaches do not work is because people are 

not involved in the decision making, the policies are inflexible and seen by the community 

as excessive. The ecosystem health concept has been explored in this thesis because it is 

being adopted in many environmental policies and is seen as a way to involve people in 

environmental management decisions (Rapport 2003).  

 

Ecosystem health motivates action by using a metaphor, and like all metaphors its use 

causes discomfort or tension (Ross et al. 1997). Metaphors are ordinary language used in 

an extraordinary way, however, it is the tension or discomfort that gives the metaphor its 

power (Eisenberg 1992; Ross et al. 1997). Metaphors are used to attract attention and 

transmit information efficiently. The term, “ecosystem health”, causes tension because it 

links a scientific concept, ecosystems, with the human value, health. This attracts attention, 

but also evokes action because most of us can relate to a state of well-being in our own 

bodies (Ross et al. 1997) and therefore, the concept transfers directly to a healthy 

environment.  

 

Although, the ecosystem health concept is contentious, a holistic view for managing the 

environment is widely promoted (Grumbine 1994; Christensen 1996; Jasanoff et al. 1997; 

Slocombe 1998). A holistic view is required because of weaknesses in management models 

that consider ecological, social or economic strategies separately. The state of the 

environment, however, is a consequence of interactions between all three systems. 

Ecological relationships between plants and animals, for example, affect resource 

condition, but so do cultural values and beliefs of the local community and economic 

importance of the resource on the global market. As stated by Abel and Blaikie (1986 page 
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736) it is necessary to combine both ecological and social data because “exclusion of the 

first leaves the analysis incapable of ecological explanation, while neglect of the second 

leaves the explanation in the realm of academic ecological relations where the effects of the 

people and their institutions are unexplained and which assumes the problem is one based 

in nature”. 

 

Several models that integrate social and ecological data are currently being used to inform 

environmental policy decisions including, 1) ecosystem management, 2) sustainable 

development and 3) ecosystem health. The three models foster a more holistic approach to 

environmental management. A holistic approach to environmental management recognises 

people as a fundamental part of the environment. These models also identify that complex 

linkages occur across spatial and temporal scales and that an adaptive approach to 

environmental management is required (Walters & Holling 1990). These models share 

many attributes and are often used interchangeably. Ecosystem management focuses on 

maintaining the natural environment (Grumbine 1994; Christensen 1996), often with a goal 

of conserving environments to pre-industrial condition. The integration of people in 

decision making was initially limited (Machlis 1992; Endter-Wada et al. 1998; Song & 

M'Gonigle 2001; Mascia et al. 2003), but has increased in recent years. Sustainable 

development focuses on development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs (WCED 1987). The 

guidelines are not very specific, but have been adopted by many governments. The concept 

provides no direction for management and no readily identifiable means for achieving the 

desired end results (Lorenz 1999). Sustainable development, considers the environment, but 

has a focus on social and economic goals, such as skill acquisition, employment and 

maintenance and operation of industries and societies (Lyons et al. 2001; Walters & 

Samways 2001; O'Regan et al. 2002). Reporting for sustainable development now requires 

a triple bottom line where environment, social and financial measures are recorded.  

 

Ecosystem health, the last of the three models, encourages people to be involved in 

management and care for the environment as part of their everyday activity because it uses 

familiar terms and invokes a societal value. The effects people have on the environment are 
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widespread requiring an environmental ethic in all areas of life. The ecosystem health 

concept focuses on building a bond between people and the environment. The ecosystem 

health concept is highly integrated, recognising that people affect the health of the 

environment and that the health of the environment affects the health and well-being of 

people (McMichael et al. 1999; Kusel & Alder 2003). Furthermore, when people view 

themselves a part of the environment they are more likely to increase their environmental 

concern and act accordingly (Schultz 2000). While these management strategies are similar 

ecosystem health was chosen because the terminology is people friendly and may more 

readily encourage involvement of the broader community.  

 

Importantly, ecosystem health can be described by disciplines with the social sciences, such 

as anthropology, environmental psychology, economics, population health and others, 

rather than being the sole responsibility of natural sciences, broadening our understanding 

of environmental condition and increasing flexibility and innovation in management 

decisions (Ross et al. 1997; Slocombe 1998; Ura 2003). The integration of these fields is an 

important step in overcoming institutional barriers in implementing integrated approaches 

to natural resource management (Heberlein 1988). People who have a long association with 

the environment usually develop effective community-based management (Atran et al. 

1996; Berkes & Folke 2000), which has been eroded by colonialism and globalisation 

(Machlis 1992; MacKinson 2001; Song & M'Gonigle 2001). Western science, which is the 

basis of many natural resource management policies, however, is based on the separation of 

nature and culture which rejects local knowledge (Robertson et al. 2000; Song & 

M'Gonigle 2001) as it does not follow scientific norms. Local knowledge is not grounded in 

empirical methods and peer review or even presented in a written context, but it is 

experiential with knowledge accumulated over generations (Machlis 1992; MacKinson 

2001; Song & M'Gonigle 2001). These differences, plus institutional separation makes 

local and scientific knowledge difficult to integrate into environmental management. 

Additionally, there is concern from natural scientists that if control of natural resources is 

dominated by local communities and natural science is but one opinion in many, 

conservation goals may not be met and the environment could be manipulated for private 

gains (Callicott 1995). Recent studies however suggest that combining local and scientific 
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knowledge in the management process benefits both the environment and community 

involved (Kusel & Alder 2003; Rapport et al. 2003).  

 

The ecosystem health concept hinges on using common language, local involvement and 

sharing of knowledge to motivate people to act in a manner that maintains environmental 

health. For the ecosystem health concept to be effective, a link between people’s belief and 

their behaviour is required. Theodori & Luloff (2002) identified that people who were 

sympathetic or pro-environment in their beliefs where more likely to engage in pro-

environmental behaviours, than those people who were neutral in their belief towards the 

environment. People’s beliefs are influenced by demographic variables such as literacy, 

income, social status and power (Stern & Dietz 1994; Kaplan 2000; Stern 2000) and 

therefore the ecosystem health concept focuses on influencing these demographic variables. 

Involving people in environmental management is empowering because a person’s 

knowledge is incorporated into the management decisions, people within the community 

are given new roles improving their social status.   

 

The three integrative models are being used to manage natural resources in systems where 

technical top-down styles of management have failed. Modern agricultural methods for 

example, focused on technical solutions to produce high yields that required high inputs of 

chemical and nutrients but has caused major land degradation problems (Altieri & Nicholls 

2003). In Australia for example, farming practices have cleared native vegetation from the 

land causing loss in biodiversity, soil water logging and dryland salinity (Curtis & 

Lockwood 2000; Carr 2002). The farming areas have become non-productive and high in 

costs to maintain, reducing profits from agriculture products and land values (Bell et al. 

2001). Changes in farming practices, such as Landcare, that have focused on restoring the 

health of the land, increasing biodiversity, involvement, employment and profitability, have 

provided promising results (Curtis & Lockwood 2000; Bell et al. 2001; Carr 2002). In 

Californian grasslands, communication and project developments between graziers, 

conservationists and tourist operators have developed strategies that have increased 

biodiversity and maintained grazing and tourism opportunities (Hamilton 2003; Reiner 

2003). Agricultural properties in the United Kingdom and Europe manage to promote 
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environmentally focused agriculture have improved the biodiversity and been economically 

profitable compared with the countryside as a whole (Peach et al. 2001; Carey et al. 2002). 

 

This thesis explores the usefulness of the ecosystem health concept and addresses the 

tensions between scientific and local knowledge by using a case study of coral reefs that are 

associated with different levels of boating use and as a consequence, various levels of 

anchor damage. Coral reefs are important marine communities that support a high 

biodiversity, similar to that of rainforests, are highly productive and support major fisheries 

and tourism operations. The coral reef structures also play an important role in protection of 

coastline from storm damage. Anchor damage clearly links a direct human impact with the 

condition of the environment and allows for a gradient of environmental condition, similar 

to the continuum described in the ecosystem health concept (Figure 1.1), to be assessed.  

 

1.2 General aims and significance  
 

The ecosystem health concept is important in environmental management; however 

defining the term and finding ways to measure the health of an ecosystem is problematic. 

The false dichotomy of nature and culture, which is the basis of much natural resource 

management and science, has led to this problem. Natural sciences are conducted following 

a hypothetico-deductive approach of testing hypothesis under the umbrella of established 

theory using objective quantification. The definition of health, on the other hand, is not a 

measurable environmental condition, but requires a culturally-based value judgement. 

Combining these two knowledge systems into one concept is difficult. The benefit of the 

ecosystem health concept, which encourages people to be involved in environmental 

management and provide a value judgement, is the very thing that causes problems. To 

understand the relationship between these knowledge systems, the ecosystem health 

concept is explored by assessing the condition of coral reefs associated with different 

intensities of anchoring from both an ecological and social perspective. Specifically, the 

research aims to: 1) identify environmental indicators to evaluate management strategies; 2) 

identify perceptual meanings ascribed to coral reefs, 3) evaluate the relationship of 
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perceptual meanings, health judgements and environmental indicators; and 4) use the 

ecosystem health indicators developed to assess a coral reef management strategy. 

 

1.3 Thesis Outline 
 

People view coral reefs in various ways. Chapter 2 explores the importance of community 

involvement in natural resource management and outlines information about the condition 

of coral reefs provided by various members of society. An overview of research techniques 

to identify indicators using both ecological and perceptual assessments is provided.  

 

Natural environments include a vast array of biota, biological interactions and physical 

processes, thus eliminating the possibility of measuring every variable during an 

evaluation. Therefore, a few essential variables or indicators need to be selected to measure 

whether the objectives of management strategies have been achieved. Chapter 3 develops a 

framework for selecting environmental indicators using a coral reef habitat as a case study.  

 

Incorporating people’s values and beliefs during environmental management increases 

collaboration between stakeholders and produces innovative and flexible strategies. In 

Chapter 4, participants with a range of experience of coral reefs were asked to describe 

photographs of coral reefs associated with different intensities of anchoring, to elicit 

perceptual meanings ascribed to coral reefs.  

 

Disciplinary separation of the natural and social sciences has hampered understanding of 

the relationships between people and nature, making the description of a healthy 

environment difficult to define. Chapter 5 combines the ecological and perceptual 

assessments of coral reefs associated with different levels of anchor damage to identify 

which elements of the environment are consistent within a description of a healthy coral 

reef. 

 

Managing an environment to meet ecosystem health goals will only be successful if the 

environment is measured and managers and community informed about the success or 
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otherwise of the strategy. In Chapter 6, the ecosystem health indicators, developed in this 

thesis, are used to evaluate a management strategy implemented in the Whitsunday region 

to protect coral reefs from the cumulative effects of anchoring.  

 

The final chapter reviews the appropriateness of ecosystem health concept, when applied to 

the coral reef environment. The appropriateness is assessed by reviewing the relationship 

between people’s perceptual meanings and health judgements and by looking at the 

effectiveness of the Reef Protection Program.  
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CHAPTER 2 
 
 

INDICATORS TO ASSESS CORAL REEF CONDITION: 
INTEGRATING VIEWS OF SOCIETY2

 
 

2.1 Introduction 
 

This chapter explores the importance of community involvement in environmental 

management and outlines information about the condition of coral reefs provided by 

various members of society. This chapter discusses some of the difficulties in identifying 

indicators that could be used to measure the environment, particularly with respect to coral 

reefs and anchor damage. The methods used in this thesis are also broadly outlined.  

 

 Indicators that measure environmental condition are required to conduct evaluations of 

management strategies (Dudley et al. 1999b; Hockings & Phillips 1999). Evaluating the 

state of the environment facilitates adaptive management and maintains enthusiasm for 

protected areas. To conduct evaluations, indicators that measure important attributes of the 

environment are needed. The choice of indicators is critical to how people construct and 

solve environmental problems (Machlis 1992). Indicators are needed to measure the 

environment to evaluate whether the objectives of management have been met and to 

provide information to local communities that encourages conservation and adherence to 

the management plan (Hockings et al. 2000). It is unlikely that one indicator could be 

useful for both purposes. For raising awareness of environmental problems, it is important 

to choose an indicator that is valued by people. In terrestrial environments the use of 

charismatic species such as pandas and elephants, as indicators, is an effective awareness-

raising strategy. In comparison, the use of insects might provide early warning of 

environmental change, but are not of particular interest to most people (Machlis 1992). 

Similarly, there may be elements of coral reefs that are important to local communities, 

                                                           
2 This chapter is published as Dinsdale E.A. 2003 Indicators of coral reef condition: integrating views of 
society. Proceedings of the World Congress on Aquatic Protected Areas, Cairns. 1:415-420. 
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although not to scientists, that could be useful indicators of changes occurring to the 

environment in response to the management plan.  

 

Encouraging community participation in conservation, both within and outside protected 

areas, benefits natural environments and the communities involved. Communities initiate 

and manage some marine protected areas (MPAs) (Katon et al. 1999; Chuenpagdee et al. 

2002; Hodgson & Liebeler 2002). In the Philippines, rapid population growth increased 

destructive fishing practices, including the use of cyanide, blast fishing and small-mesh 

nets (Katon et al. 1999). The increased fishing effort devastated coral and fish populations. 

Shared community and government fisheries management schemes have since established 

MPAs. The local community conducts the day-to-day running of the protected areas, which 

has led to a decline in illegal fishing practices. People reported benefits from the joint 

management arrangements, including increased knowledge, better information exchange, 

faster conflict resolution and more fisheries resources. The cover of coral and abundance of 

fish have increased within the MPAs (Katon et al. 1999). Similar increases in fishing 

pressure in San Felipe, Mexico, led to the establishment of an MPA by fishing co-operative 

and groups of local fishers, without the support of state or federal governments. Fishers’ 

knowledge was used to ensure that important nursery grounds for lobster, grouper and 

octopus were included in the protected area (Chuenpagdee et al. 2002). Although levels of 

illegal fishing have declined, resource condition since closure has not been evaluated.   

 

Monitoring environmental condition by local community groups is an effective way to 

involve people in conservation. Monitoring techniques are generally developed by 

scientists and modified to suit the skill and financial level of the community. Reef Check, 

for instance, mobilised 5 000 volunteers to measure coral reefs around the world. Scientists 

trained the volunteers, and supervised monitoring and data collation. Volunteers were also 

taught about the ecology and value of coral reefs. Involvement in Reef Check has led to the 

initiation of new coral reef management activities and established a measurably successful 

marine park (Hodgson & Liebeler 2002). Using media coverage, Reef Check additionally 

raised awareness of coral reef degradation with people not directly involved with 

monitoring.  
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Often questions are raised about the rigor of data collected by community groups and 

whether the data can provide useful information for management decisions. However, 

programs such as Water Watch in Australia have shown that their techniques are consistent, 

and their data have been incorporated into government databases and management 

decisions (Carr 2002).  

 

Monitoring by community volunteers can extend the spatial and temporal replication of 

data beyond those collected by professionals alone. In addition, selection of indicators with 

greater local meaning than the standard scientific measurements could increase community 

awareness and motivate action. For instance, indigenous cultures use indicators within the 

environment to rate the stocks of hunted species or quality of pastures prior to exploiting 

the resource (Berkes & Folke 2000). Gasteyer & Flora (2000) found that community action 

was stimulated when the problem of water turbidity was expressed as the depth at which 

one could no longer see a pair of white tennis shoes. Expressing the problem in familiar 

terms led to greater efforts to reduce effluent and soil erosion. Use of community-based 

terms to describe coral reef condition could increase conservation efforts. 

 

This chapter explores the tension between objective and subjective knowledge systems with 

relation to descriptions of coral reefs. I describe how indicators that measure changes to 

coral reef condition associated with different levels of anchoring could be identified using 

ecological measurements and people’s perceptions. The indicators developed by these 

techniques may extend people’s involvement in conservation of coral reefs in three ways. 

First, the indicators identified by ecological techniques (Chapter 3) can be used to monitor 

coral reefs according to the classical community monitoring design. Second, showing 

people underwater scenes of coral reefs (Chapter 4) may increase awareness of 

environmental change. Finally, exploring people’s perceptions of coral reefs may identify 

elements of the reef that are important to people (Chapter 5), but not necessarily scientists. 

If coral reef condition is described using indicators that have high perceived value, people 

might be motivated to initiate or intensify conservation efforts.  
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2.2 Ecological indicators for coral reefs 
 
Natural scientists measure many different components of coral reefs and there is conjecture 

about which element would best describe changes to coral reef condition associated with 

different levels of boating use. Measuring damage to corals may provide the most useful 

indicator. However, physical damage occurs as a result of both human and natural impacts, 

and identifying the cause of the damage is difficult. Dustan and Halas (1987) found 

significant amounts of fragmentation of Acropora palmata at heavily used areas of 

Carysfort Reef (Florida Keys). These fragmented areas also contained high numbers of 

broken propellers, lines, personal effects and other debris. Researchers used the presence of 

“human debris” and lack of damage in adjacent low-use areas to suggest that recreational 

use caused the recorded damage. Jameson et al. (1999) did not identify the cause of 

damage, but compared the amount of broken corals and percent cover of rubble at high-use 

sites with rates of natural damage recorded in the literature. High numbers of overturned, 

gouged and fragmented colonies were found on reefs associated with high levels of anchor 

use on the Great Barrier Reef (Malcolm 1998). Measuring one or all of these types of coral 

damage may provide a useful indicator of change in coral reef condition associated with 

anchoring. 

 

Percent cover of benthic categories is widely used for monitoring reefs throughout the 

world and is particularly useful in observing gross changes to coral communities over large 

areas. Mortality of corals and increase in algal cover is a sign of coral reef degradation 

(Done 1992b; Hughes 1994). However, there are some problems in interpreting these 

indicators for coral reef condition, because there is a need for earlier baseline data, which 

are often not available (Bak and Meesters 1998). Often, a change in coral cover is reflecting 

a change in one or possibly two major taxa, for example, the status of tabular Acropora 

drove many changes in coral cover on the Great Barrier Reef (Sweatman 1999). How the 

growth and death of a fast-growing coral affects long-term coral reef health is debated 

(Sweatman 1999).  

 

Number of species affects diversity and structural complexity of coral reefs. Coral reefs 

generally have high numbers of species and structural diversity, although corals can also 
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form mono-specific stands. Disturbance can influence the relative occurrence of coral 

species on a reef. For example, high use by boats might deplete fragile species. Species that 

are associated with, or missing from, coral reefs may affect how people perceive them and 

make useful indicators.  

 

The health of individual corals is important in determining the overall health of a coral reef. 

Coral diseases are present in low prevalence on the Great Barrier Reef (Dinsdale 2002; 

Willis et al. 2004), and are an important cause of mortality of coral reefs in the Caribbean 

(Aronson & Precht 2001). Coral bleaching, where individual colonies lose their symbiotic 

zooxanthellae, is a sign of stress and is highly visible on affected reefs. Another major 

cause of mortality of corals that affects the health of coral reefs on the Great Barrier Reef is 

outbreaks of Acanthaster planci, a coral eating starfish. Whether signs of coral stress are 

greater on reefs with higher levels of visitation requires investigation.  

 

Large coral colonies are important in populations for their increased reproductive output 

and structural complexity. Large corals have high aesthetic value. To maintain coral 

communities and visitor satisfaction, these colonies need to be protected (Done 1995; De 

Vantier et al. 1998). Hawkins & Roberts (1993) found smaller colonies in trampled areas, 

attributable to higher rates of fragmentation and lower growth rates. Size structure of coral 

communities supplies information on the time between disturbances (Bak and Meesters 

1998). Therefore, size structure could be a useful indicator of the condition of coral reefs 

influenced by different levels of boating activity.  

 

To identify the most useful ecological indicators, surveys were conducted at three coral reef 

sites with high levels of anchoring and three coral reef sites with low levels of anchoring 

(Dinsdale & Harriott 2004). At each site the following ecological variables were measured, 

the amount of damage, disease, coral cover, species diversity and size frequency of selected 

species and evaluated against a set of selection criteria (Chapter 3). My research also 

identified the useful indicators from a subjective community approach, outlined in 2.3 and 

Chapter 4. 
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2.3 Community indicators of coral reefs 
 
Coral reefs are popular tourist destinations; therefore research has been conducted on the 

links between coral reef condition and visitor satisfaction. Visitors rate experiencing nature 

or seeing natural beauty as the most important influence to their satisfaction (Shafer & 

Inglis 2000). People are therefore highly aware of their surroundings. Corals and fish have 

a positive influence on enjoyment of coral reefs (Shafer et al. 1993); in general, visitors 

rated highly the condition of corals and fish on trips to the Great Barrier Reef. However, 

condition of corals and fish was rated higher by snorkellers than by non-snorkellers. Return 

visitors rated coral condition lower than did first-time visitors (Shafer et al. 1993). 

Therefore, experiences influenced the judgements of environmental condition. However the 

condition of the coral reef visited by the people surveyed by Shafer et al (1993) was not 

measured.  

 

Similar to the coral reef examples, people with different levels of experience vary in their 

views of other ecosystems (Purcell 1992; Tahvanainen et al. 2001; Tahvanainen et al. 

2002). Brunson & Reiter (1996) found that experience changed how participants, who were 

provided with information about ecosystem management, viewed photographs of forested 

areas that were manipulated with different types of forest management strategies. 

Participants with greater experience interpreted the ecological information provided and 

described the forests managed with an ecosystem management goal as more acceptable 

than younger participants with little experience (Brunson & Reiter 1996).  

 

Divers who return often to the same sites detect change to environmental condition. Long-

term divers at Julian Rocks perceived a decline in marine environmental condition 

coinciding with increases in numbers of recreational divers (Davis et al. 1995). Divers 

surveyed in Bonaire remarked that the under-water visibility had deteriorated over a five-

year period (Dixon et al. 1993). Experienced divers at Bonaire noted a decline in coral 

cover, but not an increase in sand, suggesting that there were more dead corals than 

previously seen at the site. Ecological surveys identified a decline in coral cover and an 

increase in dead corals around the dive site, confirming the divers’ observations (Dixon et 
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al. 1993). These surveys suggest that divers, particularly those with experience, are 

observing the changes in environmental conditions that are detected by scientists.  

 

People with and without reef experience were asked to rate coral reef scenes with respect to 

ideal image and perceived health (Fenton et al. 1998). Both groups of people gave 

remarkably similar judgements. Typical images of coral reefs from the Great Barrier Reef 

were rated lower for health than the perceived ideal image. Low ratings were given to coral 

reef scenes showing damage from Acanthaster planci, a coral eating starfish, and cyclones 

(Fenton et al. 1998). The photographs used in the survey were not measured ecologically; 

therefore, it is not known whether particular types of coral, fish, or change in coral cover or 

condition influenced perceptions.  

 

People detect changes in the condition of coral reefs, but there appears to be a relationship 

between the amount of experience a person has and their judgement. To explore which 

elements of the coral reef environment influence observer judgements, my research is novel 

by conducting ecological and perceptual studies simultaneously. Perceptual studies are 

frequently used to identify how different groups of people view the environment and what 

characteristics of either the environment or the participant causes variation in those 

perceptions (Kaplan & Kaplan 1982; Nasar 1988).  

 

Preferences for different types of environments are a combination of biophysical, 

psychological and phenomenological elements (Fenton & Reser 1988). Therefore, 

evaluations of the three elements are required for an understanding of perceptions. The 

initial focus of a perceptual study was to relate people’s preferences with biophysical 

elements within the scene. The researcher quantifies the biophysical elements, including 

measurement of the area and perimeter of each biological element present and estimations 

of the slope and relief. The scenes are presented to people to ascertain their preference. 

Preferences for terrestrial landscape scenes are related to the areas of vegetation and water 

(Bell et al. 1996), but it is not known what biophysical elements of underwater coral reef 

scenes are preferred.  
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The variation between preferences can not, however, be attributed solely to biophysical 

elements within the scene. Furthermore, the predictors do not always make intuitive or 

theoretical sense (Bell et al. 1996). Therefore, the second stage of the photographic study 

relates preferences to psychological or cognitive processes rather than to biophysical 

elements. Kaplan and Kaplan (1989) suggested that preferences for a scene were related to 

predictors such as complexity, mystery, coherence and legibility. However, these predictors 

were not constant between scenes; for example, complexity could predict preference for 

one scene and mystery for another. Different types of predictors could be important in 

underwater scenes, for example, turbidity, colour and light.  

 

Preference for a scene relates not only to the presence of certain biophysical elements, or 

psychological predictors, but to experiences and beliefs. Therefore, the last stage of the 

study follows the phenomenological approach, which identifies preferences based on 

subjective descriptions related to experience. Preference for a scene varies according to 

familiarity, knowledge and experience (Purcell 1992). For example, people who had spent 

time in a wetland setting preferred that scenery to alpine scenery that is usually preferred 

(Mugica & Vicente de Lucio 1996).  Perceptual studies use photographs taken from the 

environment of interest and present them to a range of participants to gain an understanding 

of the relationship between their indicators. Photographic surveys have been found to 

provide a useful representation of the environment (Shuttleworth 1980). In comparison, 

written surveys may restrict focus and pre-empt answers, since the researcher may provide 

the environmental cues. Management strategies and environmental changes are also 

perceived more negatively when presented as written descriptions than as photographs 

(Tahvanainen et al. 2001).  

 

In this thesis, to explore the relationship between experience and descriptions of coral reefs, 

managers, scientists and people from the local community were asked to participate in a 

perceptual study that focused on the phenomenological approach (Chapter 4). People were 

asked to describe differences and to judge the health of the coral reefs presented 

photographically. The coral reef photographs presented to people were from the same 

location as the ecological study outlined in section 2.3 and described in Chapter 3. Seventy-
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six participants with a range of coral reef experience provided their perceptions of the coral 

reef scenes depicted in the photographs. The views of people and the ecological 

measurements were compared to identify the components of coral reefs that are important 

for people’s perceptions (Chapter 5). Therefore, the research is unique in identifying the 

most useful indicators to describe changes in coral condition associated with anchor 

damage from two perspectives: the objective science and subjective community approach.  

2.4 Application of the indicators 
 
 
Since management strategies have multiple objectives, my research identifies indicators of 

coral reefs from different perspectives. Therefore, the condition of coral reefs under 

different management schemes could be described in terms with which either scientists or 

non-scientists are familiar. Managers could use the indicators to evaluate the effectiveness 

of their strategies and the local people could use the indicators to see how a change in their 

activity has benefited the condition of the environment. My research explores the 

relationships between descriptions of coral reefs provided by ecological measures, 

perceptual meanings and judgements of health, thus identifying how to describe the coral 

condition to a wide audience.  
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CHAPTER 3 
 
 
 
ASSESSING ANCHOR DAMAGE ON CORAL REEFS: A CASE 

STUDY IN SELECTION OF ENVIRONMENTAL INDICATORS3

3.1 Introduction  
 
This chapter starts the process of identifying ecosystem health indicators by taking a 

positivist science approach to measuring coral condition associated with different levels of 

anchoring intensity. The chapter is structured to develop a framework to identify 

environmental indicators that can be used to evaluate the effectiveness of management 

strategies.  
 
Historically, selection and management of protected areas has been based on a belief that 

management strategies benefit the target species or habitats. At times when resource 

management for conservation is expensive, and there are many competing demands for 

limited resources, there has been increased emphasis on demonstrating the success of 

management strategies. Implementation of protected areas can impinge upon people’s 

recreation and livelihood. To maintain support for the management strategies, it is 

imperative that indicators measure and communicate positive achievements for 

conservation. In addition, evaluating the success or otherwise of environmental 

management improves conservation of natural resources by allowing for adaptive planning, 

raising awareness of success and identifying areas of concern (Dudley et al. 1999a). 

 

Evaluations describe and record changes, if any, to the resource that are linked to 

management strategies. Until very recently, evaluations of protected areas have reviewed 

the implementation and management processes, but have not measured their effectiveness 

in maintaining or improving environmental condition (Alder 1996; Attwood et al. 1997). A 

lack of available data and tools to measure the environment has restricted these evaluations 
                                                           
3 This chapter has been published as Dinsdale E.A and Harriott V.J. 2004 Assessing anchor damage to coral 
reefs: a study in the selection of environmental indicators. Environmental Management 33(1):126-139.  
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to superficial levels (Dudley et al. 1999b; Hershman et al. 1999; Hockings et al. 2000). 

This also applies to protected areas on coral reefs, which lack long-term data that would 

allow analysis of the effectiveness of management strategies (McClanahan 1999; Wells 

1999).  

 

Natural environments include a vast array of biota, biological interactions and physical 

processes, thus eliminating the possibility of measuring every variable during an 

evaluation. A few essential variables or indicators that describe environmental condition 

need to be identified. An indicator is used to measure whether the objectives of a 

management strategy have been achieved, i.e. has the indicator “improved” in the area 

where management has been implemented. Since management plans have ecological, 

social, and economic objectives, indicators could communicate trends in any of these 

processes. Thus, an indicator is defined as any variable that measures changes to the 

environment associated with human activities, both protective and extractive, and can 

provide information about the system beyond its face value (see (Waltner-Toews 1996; 

Griffith 1998; Margoluis & Salafsky 1998). 

 

While lists of potential indicators have been produced (Dahl 2000), identifying the right 

indicator for each management strategy has proved difficult. Many indicators measure 

broad-scale processes that are not appropriate for specific human activities or management 

strategies. For example, measuring the extent of coral reefs as an indicator of the amount of 

coral reef habitat within Australian waters (Ward 2000), would only detect change after 

catastrophic events and would not be suitable to identify the localised effects of anchoring.  

 

Often multiple variables are suggested to measure environmental change without 

considering correlations between variables, leading to redundancy in data collection. Yu et 

al (1998) compared the amount of information gained from fourteen different indicators. 

Four indicators explained 62% of the variation, suggesting that little information is gained 

for the additional effort of measuring the extra ten variables. Allegations of bias are another 

problem encountered during the selection of indicators. To avoid these allegations, 
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indicators need to be selected against a set of criteria that is open to public scrutiny 

(Crabtree & Bayfield 1998; Dale & Beyeler 2001).  

 

Some indicators have proven of little value in separating areas affected by human activities 

from areas unaffected. Four variables, including measurements of epiphytes, nominated as 

important to perceptions of seagrass health were found not to differ significantly between 

healthy and perceived degraded sites (Wood & Lavery 2000). In this study, a combination 

of the variables, shoot density, canopy cover, shoot height, above ground biomass, 

productivity and leaf area index, were found to be useful indicators of seagrass health 

(Wood & Lavery 2000). Similar problems have been encountered during the selection of 

indicators to assess the effects of human activities on coral reefs. Edinger et al (2000) 

expected a reduction in coral growth rates with increased input of nutrients and sediments 

related to human activity. However, corals were able to compensate for lack of light in 

more turbid conditions with increased consumption of particulate matter, so coral growth 

rates were maintained. Therefore, coral growth was not a useful indicator of water quality 

changes. 

 

Variables that measure social changes may provide useful indicators of environmental 

condition. Pollnac et al (2000) expected a correlation between high human pressure and 

poor coral reef condition. However, the opposite occurred because people moved from low 

condition reefs and set up business on reefs that could provide a high quality product. 

Therefore, a one-off measure of the number of people using a resource is not a useful 

indicator of its condition.  

 

To address the problems in indicator selection, a framework is required to filter through the 

large number of potential variables and identify those that are appropriate to measure 

changes to the environment associated with a specific human activity. Several frameworks 

have been suggested to increase transparency and effectiveness of indicator selection. 

Belnap (1998) measured all possible variables at terrestrial sites traversed by people on 

their way to view scenic areas. Two sites were selected to measure of a range of variables, 

one site with high use and one site with low use. However, the lack of replication means 
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that indicators identified may have differed because of natural variability, rather than as a 

result of human activities. Lorenz (1999) used available data as a starting point for indicator 

selection, but noted that such a restriction on variables may cause other simple and cost 

effective variables to be overlooked. Similarly, Hockings (1998) identified indicators for 

evaluating management programs by reviewing the literature and holding discussions with 

managers and experts, but did not conduct field tests. The lack of field-testing will make it 

difficult to identify the best indicators.  

 

To select indicators, the framework developed here integrates three major phases, (i) 

information gathering, (ii) on-site measurement and (iii) evaluation of variable usefulness 

(Figure 3.1).  

(i) The information-gathering phase identifies how the human activity affects the resource, 

the objectives of management strategies, and the availability of baseline data. Information 

from managers and stakeholders identifies their vision for the state of the resource after 

implementation of the management strategy. Information gathering generates a list of 

candidate variables that may make useful indicators.  

(ii) Candidate variables are then measured at sites that vary in the intensity of the human 

activity of interest. Replicate sites selected must be similar in ambient condition, thereby 

reducing confounding results.  

(iii) The potential indicators are evaluated against a set of selection criteria for their 

usefulness to managers and client groups.  

 

Here, I focus on identification of indicators of coral condition that are useful in assessing 

the benefits of a program to protect coral reefs from anchor damage in the Whitsunday 

Islands, Great Barrier Reef (GBR). The framework developed could be modified for 

application in other management contexts.  
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Figure 3.1. Framework for selecting indicators. Steps for choosing indicators are described 
in plain text and examples particular to the case study are in italics. 

   Phase 1: Generation of candidate variables 
Identify candidate variables by defining the human activity and the management 
strategy 

   Case study: Anchoring on coral reefs 

 

  

Data availability         Effect of activity      Identify objectives of plan    
Coral monitoring     Damage to coral reefs    Reef Protection Program  

 
      Identify candidate variables 

 
Phase 2: Field testing of candidate variables 
Measure variables at replicate sites within two treatments – high and low 
intensity of human activity of interest 

Reefs with different boating intensity, but similar environmental 
conditions 

Candidate variables that differ between the high and low intensity of human 
activity are potential indicators 

Identify potential indicators 
 

Information search 

 
Phase 3: Evaluation against selection criteria 

 
Evaluate potential indicators against feasibility criteria that are negotiated with 
stakeholders, for example - time taken to gather data 

    - ease of measurement and training 
    - ease of interpretation 

 
Indicators of environmental condition are those that vary with intensity of 
human activity and meet the majority of feasibility criteria 
  Indicators to assess anchor damage to coral reefs 

Most usable indicators 
 
Test effectiveness of Management Plan 

Indicators can be applied to other sites where there is no prior 
knowledge to measure the level of damage or the success of 
management strategies. Indicators evaluate the effectiveness of no 
anchor areas and the installation of mooring in protecting coral 
reefs. 
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Management of anchoring - a case study from the Great Barrier Reef 
 

Many factors, both natural and anthropogenic, cause damage to coral reefs. Natural changes 

include storm damage, extreme temperature events, predation, competition and disease. 

Anthropogenic factors include pollution, sedimentation, fishing, mining, trampling, 

anchoring, and diver damage (review by (Brown & Howard 1985). The intensity of natural 

disturbance in marine environments often masks the effects of anthropogenic disturbance 

(Short & Wyllie-Echeverria 1996; Keough & Quinn 1998), so selecting indicators that 

detect changes associated with anthropogenic activities is difficult.  

 

Anchors cause damage to coral reefs during setting, retrieval and while at anchor. Corals 

are broken, fragmented or overturned as the anchor drops to the substratum. Once set, 

further damage occurs by the chain dragging across the substratum or wrapping around reef 

structures. If the anchor lodges under a coral colony, overturning occurs during the retrieval 

process, particularly if an electronic winch is used. Coral reefs that experience high 

intensities of boating activities have higher levels of broken corals. Higher numbers of 

fragmented coral were found at Carysfort Reef (Florida Keys), which has high intensities of 

boating, compared to nearby reefs with less boating activity (Dustan & Halas 1987). These 

fragmented areas also contained high numbers of broken propellers, lines, personal effects 

and other debris, further reducing the condition of the coral reef. Four high use coral reefs 

in the Egyptian Red Sea had higher levels of broken coral and rubble compared with rates 

of natural damage recorded in the literature (Jameson et al. 1999).  

 

Anchor damage has been identified as a management problem on the GBR at sites that 

receive high levels of boating activity. The Whitsunday Islands is one region with high 

levels of both recreational small boat usage and commercial charter of small yachts. The 

management response of the Great Barrier Reef Management Park Authority (GBRMPA) 

and community organisations to perceived anchor damage has been to develop a “Reef 

Protection Program”. The ecological objectives of the program are “to protect fringing reefs 

in popular bays and anchorages from the cumulative impacts of anchoring so that natural 
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coral communities in the area are maintained” (page 2 GBRMPA 1999). The program has 

two components; reef markers and moorings. Reef protection markers are placed on the 

surface at strategic positions around the bay, denoting where the cover of coral reef 

organisms is low and the substratum is comprised of sand. Boat operators line up two 

markers and drop their anchor seaward (only) of the imaginary line between markers. 

Therefore, reefs shoreward of the markers are placed within a no anchor area. Moorings 

were installed to ensure that people have access to the bays while protecting the corals.  

 

The process described below is intended to identify a suite of indicators that can be 

effectively used to measure the success of the Reef Protection Program. The selected 

indicators can be used to determine the success of the management strategy to reduce 

anchor damage. After a period of time, if the strategy is successful, the indicators in the 

managed area should resemble that for an area with low human use. As a first step to 

identify outcome indicators, appropriate variables must be identified, field tested then 

evaluated using a set of transparent selection criteria. The selected indicators will be used to 

examine the effectiveness of the specific management program in the future. 

 

The indicators identified in this study focus on the outcomes of management, answering the 

question “has the management strategy improved the condition of the resource?” Other 

indicators that measure the success of management inputs and processes are also required 

during the evaluation (Hockings 1998). However, these indicators are outside the scope of 

this thesis.  

 

3.2 Methods 
 

Phase 1: Generation of candidate variables 
 

A review of the literature and discussion with coral reef managers allowed the 

identification of a suite of candidate variables, which might be used to measure changes to 

coral reefs condition associated with anchoring. These candidate variables were broadly 
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grouped into five categories: injury types; coral cover; substratum cover; community 

processes and coral colony size. 

 

Injury types: Corals injured by anchors show many different symptoms of damage, 

including abrasion of surface tissue and skeletons, death to portions of the coral colony, 

fragmentation and removal of the coral colony from the substratum. Furthermore, coral 

colonies with different morphologies are likely to vary in injury type. Branching species are 

more likely to fragment, while massive species suffer injuries to surface tissue and skeleton 

(Marshall 2000). Measuring injury types seems likely to provide useful indicators of anchor 

damage on a coral reef.  

 

Coral cover: Percent cover of benthic biota is the most widely measured and reported 

variable for monitoring reefs across the world (Sweatman et al. 2000; Wilkinson 2000). A 

direct symptom of coral reef degradation is decline in coral cover and increase in algae 

(Hughes 1994). However, coral cover has high natural variability, so detecting changes in 

coral cover may only be possible after catastrophic events. Hawkins and Roberts (1993) 

compared relative abundance of corals on trampled and non-trampled reefs and found no 

significant differences. No difference to coral cover was found on coral reefs in Kenya that 

experienced different numbers of visitors (Muthiga & McClanahan 1997). While total coral 

cover may not vary, the cover of some species or family groups may show a difference with 

anchoring intensity and requires investigation.  

 

Substratum cover: In extreme conditions on a physically damaged reef, coral reef biota may 

be replaced by dead rubble or limestone pavement from which corals have been removed. 

A change from high cover of reef biota to other substratum type would indicate severe reef 

damage. Furthermore, if physical damage continues, the pavement or reef structure itself 

could also decline to produce more rubble or sand.  

 

Community processes: Coral species differ in their ability to resist damage (Marshall 

2000), so it is possible that susceptible species may be lost from coral reefs with high 

intensities of boating activity. In a study identifying the effects of trampling on reef flat 
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coral colonies, massive species were more resistant to physical damage than robust 

branching species, whilst delicate branching species were highly susceptible (Liddle & Kay 

1987). Therefore, changes in numbers or types of coral species present may be a useful 

indicator. Changes in species composition could lead to a change in diversity and evenness 

measures and these should be considered during indicator selection. 

 

Colony size: The sizes of coral colonies may change with different frequency of 

disturbance (Bak & Meesters 1998). Reduction in coral size has occurred with intensive 

boating activity, because corals are broken into smaller pieces and energy is spent on repair 

rather than growth (Hawkins & Roberts 1993). To maintain coral communities and provide 

quality visitor experiences, large corals need to be conserved (Done 1995). Therefore, 

measuring the size structure of the coral community is potentially a useful indicator of 

changes associated with boating activity.  

 

Phase 2: Field testing of candidate variables 
 

The Whitsunday Islands (148 o E, 20o S, Figure 3.2) consist of approximately 74 individual 

islands surrounded by fringing coral reefs. The Whitsunday Islands were chosen for the 

study for two reasons: first there are multiple reefs that are exposed to similar 

environmental conditions, such as current and wave regimes. Second, the islands are ideal 

for boating activities because they are close to the mainland, protected from prevailing 

winds and provide spectacular scenery. Therefore, the region contains replicate coral reefs 

that were exposed to similar environmental conditions and influenced by different 

anchoring intensities. All sites used in the study were westerly facing and protected from 

prevailing south-easterly winds by prominent headlands. The sites have high turbidity 

associated with a large (3-4m) tidal range and are located approximately 24 km from the 

mainland (Figure 3.2).  

 

Field testing of candidate variables took place in July/August 2000 and February 2001. 

Coral reefs that received high and low intensities of boating activity were selected using 

information from GBRMPA, the community and on-site observations. Anchoring levels 
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ranged from 0.09 to 4.0 boats anchoring per day, the equivalent range of 36 to 1460 

anchors per year. These coral reefs were typically visited by yachts, which use large sand-

wedge anchors and electronic winches. The boats were either skippered by commercial 

operators or hired by people with minimal experience. There appeared to be no preference 

for any coral reef site by different types of operators. The six sites were divided into two 

treatments, high anchoring activity (mean of 3.3 anchors dropped per day) and low 

anchoring activity (mean of 0.37 anchors dropped per day). At each site, two depths were 

surveyed: the lower slope (8-11m) and the crest (1-3m). Large anchors and chain primarily 

affect the lower slope. The crest is affected by small reef anchors and associated chain or 

rope. At each of the six sites, 24 candidate variables in the five broad categories identified 

in phase 1 were measured as described below.  
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Figure 3.2 . Location of survey sites (*) on the Whitsunday Islands. Low levels of 

anchoring occurred at sites 1 - 3 and high levels of anchoring occurred at sites 4 - 6. Note 

the similarities of the six sites with respect to distance from shore and protection from 

southeast prevailing winds. Coral reefs are the darkly stippled areas and mangrove areas are 

lightly stippled.  
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Injury types 

 

Six types of coral injuries were sampled within ten, 10*1m belt transects laid haphazardly 

at the two depths within the six sites. Within each transect, the number of fragments, 

overturned colonies, breaks, gouges, pieces of rubble and diseased individuals were 

counted. Fragments are defined as the “live portions of a coral colony that has become 

physically separated, due to breakages of the skeleton, from the rest of the colony” 

(Highsmith 1982), and remained unattached from the substratum. Overturned colonies are 

corals that are dislodged from the substratum and move when touched. They may have 

living tissue or be dead.  

 

Breaks are the loss of individual branches on branching colonies and appear as bright white 

round circles on the tops of branches. More than one break per colony is possible. Pieces of 

rubble are dead fragments larger than 10 cm lying on the substratum. Gouges are large 

pieces of missing tissue and skeleton, often with crushing damage evident (Hawkins & 

Roberts 1993). Colonies displaying signs of white band or spot disease (Green & Bruckner 

2000), black band disease (Dinsdale 2002) or pink spot (Aeby 1998) were counted. 

  

Coral cover 

 

While the belt transect was in position, the percent cover of benthic components were 

measured using the line intercept method (English et al. 1997). The percent cover of 

benthos was measured in seven categories. The percent cover of four scleractinian coral 

families including Acroporidae, Poritidae, Faviidae, Pocilloporidae, and a combined group 

consisting of rarer hard corals (Mussidae, Dendrophylliidae, Fungiidae, Caryophylliidae) 

was recorded. The percent covers of two more benthic categories were measured 1) the 

hydrozoans in the family Milleporidae and 2) soft corals. Included in the soft coral category 

were sponges and zooanthids, however these components contributed minimal cover.  
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Substratum cover 

 

Substratum cover was measured using the line intercept method. The substratum type was 

classified as; reef biota, rubble, sand or pavement. Rubble was selected as an important 

category because it is generated by damage to corals. Sand, for the purpose of this study, 

included all fine grain material. Consolidated reef matrix with no benthic organisms (except 

turfing algae) was classified as pavement.  

 

Community processes 

 

Shannon -Weaver Index, and Evenness measures were used to calculate diversity using the 

percent cover data divided into 16 categories adapted from Hughes et al (2000). Two dives 

were devoted to identifying the Scleractinian coral species present at each site. Field 

classification is inherently difficult, therefore, underestimation of the numbers of species in 

the genus Montipora and family Poritidae was possible.  

 

Coral Size  

 

To compare the average size of coral colonies, the largest diameter (length) and 

perpendicular diameter (width) of fifty colonies in four taxa were measured to the nearest 

centimetre. Surface area was calculated for each colony using the formula for an ellipse. 

Species measured were Acropora loripes, Seriatopora hystrix, Pocillopora damicornis and 

branching Millepora sp. These species were selected because they were relatively abundant 

and have different growth morphologies, which suggest they may vary in susceptibility to 

physical damage. Colonies were measured between a 6-10m depth and the first 50 colonies 

of each species encountered during a fifty-metre swim were measured. 

 

Statistical Analysis 

 

Variables were tested using multiple analyses of variances (MANOVA) with anchoring 

treatment (high and low) and sites as fixed factors. Sites were nested within the anchoring 
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treatments. A useful indicator variable shows a significant difference with the intensity of 

the human activity. Therefore significance levels were evaluated for differences between 

the anchoring treatments. Interaction terms were not tested because the sampling design is 

not fully orthogonal. The metrics for candidate variables differed, for example injuries were 

count data and coral cover was measured using percentages. Therefore, MANOVAs were 

conducted to test the significance of candidate variables grouped into their broad 

categories, as described above. Depth as a factor was tested separately for two reasons. 

First, corals show a distinct zonation patterns with depth and second, the intensity of human 

activity varied with depth. To achieve normality of the data, numeric data were log (x+1) 

transformed and percentage data were arc-sin square root transformed (Underwood 1997). 

 

Canonical discriminant analyses (CDA) illustrate multivariate data in a reduced set of 

dimensions. CDA were used to determine the contributions of different “injury” and 

“cover” variables in describing the differences in coral condition associated with anchoring. 

The first CDA used the five injury types and the second CDA used percent cover of the 

eight coral cover groups. The relationship between sites or groups of sites was displayed on 

canonical axes (Tabachnick and Fidell 2001). The influence of each candidate variables 

was identified using a bivariate combination plot (bi-plots).  

 

Consecutive CDAs were used to test the ability of different combinations of candidate 

variables to describe the changes in coral condition associated with different levels of 

anchoring. Four CDAs were performed, including combinations of; 1) injury types and 

coral cover, 2) overturned corals and coral cover, 3) overturned corals, cover of 

Acroporidae and soft corals and 4) a stepwise CDA. Cross validation was used to identify 

the combination of candidate variables that correctly classified the most replicates 

(Tabachnick & Fidell 2001). The data is divided into 12 categories (six sites by two depths) 

of equal numbers, therefore, the number of replicates correctly classified by chance alone is 

8.3%. The percent correct classification has to be substantially larger than 8.3% for the 

classifying variables to be useful. 
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Phase 3: Evaluation against selection criteria  
 

The candidate variables that showed a difference between coral reef sites with different 

intensity of anchoring (potential indicators) were evaluated against a set of feasibility 

criteria. Potential indicators were ranked 1-5 depending on the number of criteria they met, 

where 1 was the most useful and 5 was the least useful. The criteria were selected to 

identify indicators that measure the condition of the coral reef and are simple enough to be 

effectively and efficiently monitored and modelled. Building upon discussions by Belnap 

(1998), Dale and Beyeler (2001), Lorenz (1999) and local stakeholders, each potential 

indicator was evaluated against the following feasibility criteria: 

Reliable repeatable measure; indicators that are readily identifiable regardless of ambient 

conditions. 

Relevance; indicators that can be linked causally with a specific human activity. 

Respond to management; indicators that have a predictable and rapid response to the 

implementation of management strategies would be most useful.  

Ease of measurement and lack of ambiguity; allowing for measurements to be conducted by 

volunteers. 

Robustness; indicators should be unambiguous and low in variation. 

Persistence of variables in the environment; variables that persist in the environment allow 

for impacts to be detected for a longer time period following the impact.  

Time required for data collection; indicators that are quick to measure reduce the cost of 

data collection.  

Availability of baseline data; knowing the history of a coral reef gives better understanding 

of its present condition.  

Non-destructive measuring techniques; ensures monitoring does not cause further damage 

to protected sites. 
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3.3 Results 
 

Multivariate analysis revealed that significant differences in coral condition occurred 

between coral reefs associated with different anchoring intensities. Of the five types of 

injuries to corals, overturned colonies and gouges were significantly higher at the three 

sites with high intensities of anchoring for both depths (Figure 3.3A and 3.3B). The amount 

of rubble was higher with greater anchoring intensities on the crest, but not on the lower 

slope (Figure 3.3C). Fragments generated showed no trend with anchoring intensity (Figure 

3.3D). Breaks differed between anchoring intensities on the crest, however there were 

higher numbers of breaks on the low anchoring intensity sites compared with high 

anchoring intensity sites, so this was not a useful indicator. Breaks did not vary on the 

lower slope (Figure 3.3E). Disease incidence was extremely low and did not vary with 

anchoring intensity.  
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Figure 3.3. Mean number (+ 1 standard error) of injuries to corals on the crest and lower 

slope of coral reefs influenced by high (clear bars) and low (shaded bars) intensities of 

anchoring. Results of MANOVA are presented, degrees of freedom are 1:4:53. Note the 

different scales on the y-axes. 
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Percent cover of some coral family groups varied with anchoring intensity. Soft coral cover 

was lower on both the crest and lower slope of intensely anchored sites (Figure 3.4A). 

Acroporidae and Milleporidae had lower cover on the crest of intensely anchored sites, but 

not the lower slope (Figure 3.4B and 3.4C). The cover of Pocilloporidae was not 

significantly different on the crest, but was lower at the deeper site with intensive anchoring 

(Figure 3.4D). Cover of Faviidae and Poritidae were higher on the crest of the intensely 

anchored sites, but did not vary on the lower slope (Figure 3.4E and 3.4F). The cover of 

rarer hard corals did not vary with anchoring intensity (Figure 3.4G). Variation between 

coral family groups suggests that anchoring affect some family groups more than others.  

 

At both depths, cover of total reef biota was lower on intensely anchored sites (Figure 

3.5A). Cover of rubble and sand was higher on the crest of intensely anchored sites, but 

there was no difference on the lower slope (Figure 3.5B and 3.5C). Cover of pavement was 

similar on sites with different anchoring intensities (Figure 3.5D).  

 

Between 96 and 108 scleractinian coral species were found at the six sites, and species 

richness showed no trend with anchoring intensity. It appears that no species were lost as a 

result of anchor damage. Neither diversity nor evenness varied with respect to anchoring 

intensity (Diversity: crest F = 9.467*10-3, df  = 1:4:54, p = 0.785, lower slope; F = 1.361, 

df  = 1:4:54, p = 0.248, Evenness: crest F = 4.648*10-3, df  = 1:4:54, p = 0.572, lower 

slope; F = 0.011, df  = 1:4:54, p = 0.327).  

 

Mean colony size of the four coral species was highly variable (Figure 3.6). One of the four 

coral species examined, Millepora sp., displayed different colony size between anchoring 

intensities (Figure 3.6A).  
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Figure 3.4. Mean percent coral cover (+ 1 standard error) on the crest and lower slope of 

coral reefs influenced by high (clear bars) and low (shaded bars) intensities of anchoring. 

Results of MANOVA are presented, degrees of freedom are 1:4:54. Note the different scale 

on the y-axes. 
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Figure 3.5. Mean percent cover of substrate type including total reef biota (+ 1 standard 

error) on the crest and lower slope of coral reefs influenced by high (clear bars) and low 

(shaded bars) intensities of anchoring. Results of MANOVA are presented, degrees of 

freedom are 1:4:54. Note the different scales on the y-axes. 
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Figure 3.6. Mean colony area (+ 1 standard error) for four coral species on reefs influenced 

by high (clear bars) and low (shaded bars) intensities of anchoring. Results of MANOVA 

are presented, degrees of freedom are 1:4:280 and alpha levels were set at p = 0.05. Note 

the different scales on the y-axes. 

 

 
CDA analysis 

 

Complete spatial separation of sites influenced by different anchoring intensities was 

achieved by describing the condition of coral reefs using five injury types (Figure 3.7). 

Sites influenced by higher anchoring intensities were grouped to the right and sites 

influenced by low anchoring intensities were grouped to the left. The relative abundance of 

each type of injury determined the position of each site in multidimensional space. Sites 

influenced by higher intensity of anchoring had relatively more overturned corals compared 

to the sites with lower anchoring intensities. Fragments, rubble and breaks had less 

influence on the position of the sites compared with overturned corals and gouges (Figure 
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3.7). Describing the condition of coral reefs using injury type explained 87.9 % of the 

variation and correctly classified 49.6 % of the replicates, substantially more than the 8.3% 

expected by chance (Table 3.1).  

 

In comparison, CDA performed on coral cover variables did not successfully separate coral 

reef sites influenced by different intensities of anchoring (Figure 3.8). Describing the 

condition of coral reefs using coral cover explained less of the variation (77.3%) and 

correctly classified fewer replicates (34.2%) compared with measuring injury types (Table 

3.1). The variable that had most influence on the separation of sites was the amount of 

substratum (Figure 3.8).  

 

The CDA conducted using both injury and coral cover variables best described changes in 

coral condition associated with anchoring and correctly classified the highest number of 

replicates. However, collecting data on all these variables was time consuming (Table 3.1). 

A stepwise CDA identified 8 variables (overturned corals, gouges, rubble, cover of soft 

corals, Acroporidae, Faviidae, Poritidae and Milleporidae), as the most useful variables to 

describe the condition of coral reefs influenced by anchoring. The stepwise CDA correctly 

classified 61.3 % of replicates, but collecting data on each of these variables was also time 

consuming (Table 3.1). However, a combination of the number of overturned corals and 

coral cover correctly classified 52.1% of replicates and was time efficient. Further 

reduction in data collection time with minimal loss of correct classification was achieved 

by measuring overturned corals plus the cover of soft corals and Acroporidae (Table 3.1).  
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Figure 3.7. Results of CDA using five injury variables on reef sites influenced by low 

(dark grey) and high (white) intensities of anchoring. The length of the bi-plot line reflects 

the relative influence of each variable on the positioning of the sites. The number in each 

circle denotes the group centroid and is equivalent to the site number from Figure 3.2. Crest 

sites (C), lower slope (S). The diameter of the circle is equivalent to one standard error. 

Figure 3.8. Results of CDA using eight coral cover variables on reef sites influenced by 

low (dark grey) and high (white) intensities of anchoring. The length of the bi-plot line 

reflects the relative influence of each variable on the positioning of the sites. The number in 

each circle denotes the group centroid and is equivalent to the site number from Figure 3.2. 

Crest sites (C), lower slope (S). The diameter of the circle is equals one standard error. 
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Table 3.1. Comparison of ability and time required for combinations of variables to 

describe the changes in coral reef condition associated with different intensities of 

anchoring. Measuring overturned corals plus cover of soft coral and Acroporidae provided 

efficient classification. Variables selected in the stepwise analysis where overturned corals, 

gouges, rubble, cover of soft corals, Acroporidae, Faviidae, Poritidae and Milleporidae. 

 

Variables Percent variation 

explained 

Cross 

validation 

Collection Time 

minutes/transect 

Injury types 87.9 49.6 14 

Coral cover 77.3 34.2 6 

Injuries and coral cover 74.5 63.0 20 

Stepwise 77.2 61.3 16 

Overturned + cover 84.2 52.1 9 

Overturned + soft corals 

+ Acroporidae 

96.3 45.4 Not measured, but 

estimated as < 9 

 

Evaluation of Potential Indicators against Feasibility Criteria 
 

Eleven candidate variables of the initial 24 differed significantly between anchoring 

treatment and are considered potential indicators. A matrix was constructed to evaluate the 

11 potential indicators against the feasibility criteria (Table 3.2). Overturned colonies met 

seven out of nine feasibility criteria and were efficient in separating sites with high and low 

anchoring intensity, ranking it the most useful indicator. There were two drawbacks to 

using overturned corals to evaluate management action. First, overturned colonies persist 

for a long time, so may be slow to respond to protective strategies introduced by managers. 

Second, there is little baseline data available on the number of overturned colonies on coral 

reefs on a local scale.  
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Gouges were present in relatively low numbers, but showed a significant difference 

between anchoring intensities. Gouges were quickly covered in sediment making their 

identification less reliable, increasing training requirements. Therefore, gouges are 

considered less suitable than some other measures. Counting pieces of rubble was difficult 

and unreliable. Furthermore, rubble would take a long time to respond to management 

strategies, reducing its usefulness as an indicator.  

 

Coral cover variables were not as efficient in distinguishing sites with different anchoring 

intensities as variables that measured injuries to corals (Figure 3.7 and 3.8). However, they 

relate directly to management objectives of maintaining coral communities and are 

important to measure. Soft corals and corals in the family Acroporidae were identified in 

both the stepwise CDA and MANOVA as varying with anchoring intensity at both depths 

for soft corals and on the crest for Acroporidae. These coral groups are easily identified and 

could be monitored by volunteers. For rapid assessment of coral reefs, measuring these two 

coral groups plus overturned colonies described changes occurring to coral reef condition 

associated with anchoring (Table 3.1 and 3.2).  

 

Collecting information at coral family level takes longer and requires more training 

compared with collecting data on substratum categories (Table 3.2). However, the 

increased costs associated with collecting data at a higher resolution may be worthwhile, as 

it communicates the effects of anchoring at an earlier stage. Recognising the effects of 

anchoring earlier allows management strategies to be implemented before degradation has 

proceeded to a stage where recovery times are long.  

  

The average colony size of selected species was variable and only Millepora sp. varied 

significantly with anchoring intensity. The high variability and extensive measurement 

times, suggests that measuring sizes of coral colonies is not a usable indicator (Table 3.2).  
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Table 3.2. The potential indicators were evaluated against nine feasibility criteria. The 

potential indicators were ranked from 1-5 for their usefulness as indicators, where 1 was 

most useful and five least.  

Potential 
Indicators 

Reliable 
repeatable 
measures 

Relevance Time to 
response to 
management

Ease of 
measure

Natural 
variability
(se) 

Sampling 
window 

Ease of 
training 

Baseline 
data 

Time to 
measure 
minutes/
transect 

Rank
(1-5)

Damage            
 Overturned High Yes Slow Easy 0.77 Long Easy Regional 3.1 1 
 Gouges Low Yes Medium Difficult 0.07 Short Medium Regional 2.2 3 
 Rubble  Low Yes Fast Difficult 2.3 Long Easy None 5.4 4 
            
Coral Cover           
 Soft corals Yes Yes Not 

predictable 
Easy 1.9 % Long Medium Local 6.1 1 

 Acroporidae Yes Yes Not 
predictable 

Easy 2.0 % Long Medium Local  1 

 Milleporidae Yes Yes Not 
predictable 

Medium 1.3 % Long Medium Local  3 

Pocilloporidae Yes Yes Not 
predictable 

Medium 0.4 % Long Medium Local  3 

            
Substratum 
cover  

          

 Reef biota Yes No Not 
predictable 

Easy 3.7 % Long Easy Local 3.2 3 

 Rubble Yes No Slow Easy 2.3 % Long Easy Local  3 
 Sand Yes No Slow Easy 3.0 % Long Easy Local  3 
           
Colony size           
Millepora sp. Yes Yes Slow Medium 186.3cm2 Long Medium None 32.3 5 

 

 

3.4 Discussion 
 

Anchor damage is a common disturbance to coral reefs (Jameson et al. 1999; Rogers & 

Beets 2001). Indicators that measure the effects of anchoring on coral reef condition can be 

used to evaluate management strategies implemented to protect coral reefs from such 

damage. Selecting useful indicators to measure changes in the condition of coral reefs, as 

with other natural resources, has proven difficult. To meet the requirements of managers, 

indicators need to respond to the human activity in question, be cost effective, and relate to 

management objectives. Therefore, I have developed a framework that evaluates a range of 
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candidate variables to identify the most useful indicator(s). Following the indicator 

selection framework, 24 variables of coral reef condition were evaluated and three were 

identified as being of the most use as indicators. 

 

Increases in the number of injured coral colonies occurred on the intensely anchored sites, 

similar to results reported from coral reefs that are associated with high levels of human 

activities elsewhere (Davis 1977; Hawkins & Roberts 1992; Allison 1996; Muthiga & 

McClanahan 1997; Jameson et al. 1999; Schleyer & Tomalin 2000). In this study, 

measuring the number of overturned colonies was the most useful indicator in separating 

sites that were influenced by different intensities of anchoring. Coral colonies are 

overturned in cyclonic or storm conditions (Done 1992a), but not during typical weather 

patterns, so overturned coral are usually present on coral reefs in only low numbers. The 

number of overturned corals is a usable indicator because they are easily identified 

underwater, therefore data collection is quick and could be conducted by volunteers, further 

reducing costs.  

 

Hawkins and Roberts (1992) measured the number of fragmented corals and breaks to 

describe changes to coral reef condition associated with human activities. Fragments did 

not vary with anchoring intensity in the Whitsunday case study. A possible explanation for 

the lack of variation is that fragments are regularly generated on the Great Barrier Reef 

(Wallace 1985; Rouphael & Inglis 1997; Smith & Hughes 1999). Therefore, the difference 

between the numbers of fragments generated with and without the influence of anchoring 

needs to be high to detect a difference. The numbers of breaks was not related to anchoring 

intensities either, but appeared to be related to the abundance of branching corals, such as 

Acroporidae and Milleporidae. Rouphael and Inglis (1997) reported an increase of the 

number of breaks caused by divers on coral reefs with high cover of branching corals.  

 

Measuring injuries to corals was more efficient than the more traditional measures of coral 

cover in describing the condition of coral reefs influenced by anchoring. Since changes may 

be detected earlier using other indicators, relying on coral cover may result in a delay in 

identifying damage or recovery of coral communities. Comparing levels of injuries to coral 
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rather than coral cover identified a decline in condition of coral reefs associated with high 

levels of human activities in Kenya (Muthiga & McClanahan 1997). 

 

Since coral cover relates directly to the management objectives and provides beneficial 

information for comparative studies, it was explored further by comparing how anchoring 

intensity influenced the abundance of different coral families. Coral family groups 

responded differently to anchoring, primarily because they have different types of growth 

patterns. Soft corals lack a hard skeleton, are highly susceptible to physical damage and 

therefore were highly responsive to anchoring. The cover of Acroporidae and Milleporidae 

on the crest and Pocilloporidae on the lower slope was reduced with anchoring intensity. 

These corals have a branching morphology that is susceptible to physical damage (Hall 

1998; Marshall 2000) such as that caused by anchors. Corals in the family Poritidae and 

Faviidae have a massive morphology, which is more resistant to physical damage (Marshall 

2000) and the cover of these corals varied little with anchoring intensity.  

 

The process followed in the Whitsunday case study identified that measuring a combination 

of injury variables and the most responsive coral cover variables would be the most useful 

indicators to describe changes to coral reef condition associated with different anchoring 

intensities. The indicators identified were overturned corals plus the cover of soft corals 

and corals in the family Acroporidae. The three indicators could be used to evaluate the 

effectiveness of the Reef Protection Program implemented in the Whitsunday Region at a 

relatively low effort for data collection. If the management program is effective, indicators 

for heavily used reefs where the program is implemented should change over time to 

resemble values for reefs with historically low anchoring rates.  

 

Selecting appropriate indicators to evaluate management is difficult (Crabtree & Bayfield 

1998). The indicator selection framework developed has addressed difficulties in 

identifying indicators by evaluating a range of variables at sites with high and low intensity 

of the human activity of interest. The framework is transparent and could easily be adapted 

to other natural resource management strategies. Where indicators are easy to measure, 

volunteer organisations can collect data, reducing cost and increasing stakeholder 
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collaboration. The framework developed, using anchoring on coral reefs in the Whitsunday 

Islands as a case study, identifies indicators to measure and communicate the achievements 

of management strategies. For these indicators to be useful in evaluating similar 

management strategies implemented in other coral reef locations, some adaptations may be 

required. The type of indicator selected will vary depending on the dominant taxa in the 

local community. Nevertheless, the framework developed here for selection of indicators 

can be applied to other coral reefs, or even terrestrial situations. 

 

In this chapter, ecological measures of the environment were explored within the context of 

developing performance indicators to evaluate the effectiveness of management strategies. 

The framework identified three indicators that were most useful in describing changes in 

coral condition associated with anchoring intensity. In the next chapter, the same coral reefs 

are reviewed by people to see how they describe the coral reef environment. The perceptual 

meanings provided by the participants represent the second stage in exploring the 

ecosystem health concept.  
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CHAPTER 4 
 

ASSESSING CORAL REEF CONDITION: ELICITING COMMUNITY 
MEANINGS4

 

4.1 Introduction 

 

Chapter 4 is the second stage of developing ecosystem health indicators and is conducted 

from a phenomenological approach. The phenomenological approach is where the 

descriptions of the environment are identified using participant’s descriptions, which relate 

to their past experiences and beliefs. The chapter is set in the context of identifying 

perceptual meaning ascribed to the coral reef environment by participants with a range of 

experience of the coral reef environment. 

 

Collaborative resource management has achieved successful conservation outcomes and 

benefits for the well-being of the participating community (Russ & Alcala 1999; Carey et 

al. 2002; Carr 2002; Chuenpagdee et al. 2002; Hodgson & Liebeler 2002; Pretty 2003a). 

Where centralised management of natural resources often tends to polarise the public and 

raise strong opposition, collaboration allows for open discussions of disparate 

environmental opinions, the sharing of information from different knowledge systems to 

build knowledge partnerships (Huntington 2000; Lackey 2003) and negotiated solutions to 

environmental problems. In the Philippines, for example, co-managed marine protected 

areas have lead to a decline in illegal fishing, improved resource condition, and cooperation 

and communication between community members (Katon et al. 1999). In Australia, local 

community groups have driven the process to establish fish habitat protection areas 

(Chalmers 2003) and local knowledge from commercial fishers has been integrated into 

designing systems of marine protected areas (Williams & Bax 2003).  

 

                                                           
4 This chapter is submitted for publication as Dinsdale E.A. and Fenton D.M. 2004 Assessing coral reef 
condition: eliciting community meanings. Society and Natural Resources, in review 
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To fully develop the co-management of natural resources and attain associated benefits, 

some barriers need to be overcome. One barrier is to legitimise the use of environmental 

information provided by people with different backgrounds and experiences, rather than 

relying on knowledge provided by natural scientists collected using methods of objective 

quantification (Maxwell 1984; Meffe & Viederman 1995). Centralised resource 

management, the dominant model of environmental management in Western cultures 

(Bright & Manfredo 1997; Lachapelle et al. 2003), is based on information provided by 

scientists and often rejects knowledge provided by local people without specialist training 

(Song & M'Gonigle 2001). Under the centralised management model, scientists present 

their knowledge and describe the decision process to the community; thus educating the 

community and obtaining consensus for the management plans (Endter-Wada et al. 1998; 

Patterson & Williams 1998; Robertson & Hull 2001; Capitini et al. 2004; Chuenpagdee et 

al. 2004). People who are affected by the management decisions are not given a forum to 

provide their understanding of the situation and scientists often express doubt concerning 

the readiness or competency of the community to have direct and equitable involvement in 

management (Chuenpagdee et al. 2004). The community, on the other hand, are concerned 

about the willingness of managers and scientists to part with authority and embrace the 

concept of power sharing, which is the cornerstone of co-management (Zanetell & Knuth 

2002; Capitini et al. 2004; Chuenpagdee et al. 2004). 

 

Integration of scientific and local knowledge is important in the management context 

because while scientists can provide information about the condition of the environment, 

they generally have a narrow perspective on what the desirable conditions is. Since the 

desirability of environmental condition is a normative decision, judgements provided by a 

wider spectrum of the community are required (Lachapelle et al. 2003). Combining 

information provided by lay people and scientists provides a holistic view of the 

environment (Robertson et al. 2000; Huntington et al. 2002; Robertson & McGee 2003). 

Under the present management and research structures, ecological and perceptual studies 

are conducted separately. Preference studies generally provide a range of environments for 

people to judge, but rarely do they provide an ecologically measured gradient of 

environmental condition to be judged. Consequently, there remains a lack of understanding 
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of the relationship between meanings people ascribe to the environment and changes in 

environmental conditions (Nassauer 1995; Gobster 2001).  

 

Research into people’s environmental preferences has identified that there is remarkable 

consistency in human preference for natural landscapes, particularly those scenes that 

include canopy trees or water features and which allow a view or vista of the landscape 

(Kaplan & Kaplan 1982; Nassauer 1995). People’s preference for these landscapes is 

explained using numerous theories, including biological theories that stress the 

evolutionary advantages of views that simultaneously afford prospect (a wide open view 

that allows observation of approaching predators) and refuge (protected settings that 

prevent the viewer from being seen) (Appleton 1988). In addition, information - processing 

theories have also been developed, which acknowledge a biological explanation, but also 

suggest that visual preferences are influenced by the amount of meaning within the 

landscape or landscapes that afford desirable experiences (Gibson 1979). Kaplan and 

Kaplan (1989) described specific organisational attributes such as complexity, mystery, 

coherence and legibility that related to preferences. Finally explanations of visual 

environmental preferences for natural environments have also been developed using a 

phenomenological approach, which identifies preferences based on subjective descriptions 

related to people’s past experiences and beliefs (Fenton & Reser 1988).  

 

To examine the utility of perceptual information my research uses personal constructs to 

identify how people perceive a key environment, that of a coral reef. Coral reefs are valued 

for their diversity, production of food, protection of coastlines and importance to the 

economy particularly as a tourist destination. To determine whether perceptual information 

would provide useful information for management, photographs depicting a gradient of 

coral condition associated with anchoring were used. Furthermore, people with a range of 

backgrounds, including people whose occupation has a level of interaction with the coral 

reef environment and those that have no such interaction, participated in the study, enabling 

some understanding of the variation amongst participants to be assessed. The participants in 

this study were from a contemporary society rather than a more traditional society that are 

often the focus of ecological knowledge research. I review personal construct theory and 
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the effects of anchoring and boating use on coral reefs is briefly mentioned (see also 

Chapter 3) prior to describing the study.    
 

Personal construct theory 
 

Personal construct theory is concerned with how people make sense of the world (Kelly 

1955). The theory was developed in the field of psychology to examine the role that 

different people played in interpersonal relationships (Kelly 1955), but has been adapted to 

understand how people ascribe meanings to their environment (Fenton 1988; Fenton & 

Syme 1989; Walmsley & Jenkins 1993; Pike 2003). The theory states that people have an 

individual view of the people and events that are part of their life (Kelly 1955; Lester 

1995). People are constantly examining the people and places around them to generate 

expectations about what those people and places are like (Walmsley & Jenkins 1993).  

 

The theory states that people have a transparent pattern or template which they create about 

the world and with each experience they re-mould or recreate their template to explain the 

world (Kelly 1955). The template is called a construct and each person constructs their own 

view of the world or events. Constructs are the means by which an individual views the 

world and aids a person in predicting and controlling the outcome of events. A construct is 

essentially a bipolar discrimination made by a person and represents a fundamental way of 

viewing the world (Fransella & Bannister 1977). Constructs are bipolar because by stating 

what something is, a person is also stating what it is not (Fransella & Bannister 1977; 

Lester 1995). Accordingly, eliciting these constructs allows the researcher to understand 

how a person views and values the environment. Each person uses a different construct 

system however there must be some commonality if people are to communicate to one 

another about the world around them.  

 

Constructs are elicited using a repertory grid method (Fransella & Bannister 1977). The 

grid method provides elements or stimuli for participants to discriminate. The participants 

provide a description and rating of the elements to reveal the underlying way they view the 

elements. The elements are the objects under study and can be people’s names, places or 
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photographs. Using a triad method, participants are generally asked to describe how two of 

the elements are similar but different from a third element. The elements are ranked or rated 

in relation to each construct. Repertory grids are used in eliciting meanings from a single 

participant or from groups of participants (Fransella & Bannister 1977; Fenton & Syme 

1989; Young 1995). 

Damage to coral reefs associated with anchoring and boat use 
 

Many factors, both natural and anthropogenic, cause damage to coral reefs. Natural changes 

include storm damage, extreme temperature events, predation, competition and disease. 

Anthropogenic factors include pollution, sedimentation, fishing, mining, trampling, 

anchoring, and diver damage (Brown & Howard 1985). Anchors cause damage to coral 

reefs during setting, retrieval and while at anchor. Corals are broken, fragmented or 

overturned as the anchor drops to the substratum. Once set, further damage often occurs by 

the chain dragging across the substratum or wrapping around reef structures. If the anchor 

lodges under a coral colony, overturning occurs during the retrieval process, particularly if 

an electronic winch is used. Coral reefs associated with higher intensities of anchoring on 

the Great Barrier Reef had higher levels of overturned corals and lower cover of soft corals 

and corals in the family Acroporidae, in comparison with coral reefs associated with lower 

levels of anchoring (Dinsdale & Harriott 2004). On coral reefs in Florida, higher numbers 

of fragmented coral were found at reefs which have high intensities of boating, compared to 

nearby reefs with less boating activity (Dustan & Halas 1987). Four high use coral reefs in 

the Egyptian Red Sea had higher levels of broken coral and rubble compared with rates of 

natural damage recorded in the literature (Jameson et al. 1999).  

 

The underwater environment is unfamiliar to most people, but several studies suggest that 

people do perceive changes in the condition of the underwater environment. Long-term 

divers at Julian Rocks, for example, perceived a decline in marine environmental condition 

(Davis et al. 1995). Similarly, experienced divers in Bonaire noted a decline in underwater 

visibility and coral cover and an increase in dead corals over a five year period (Dixon et al. 

1993). In addition, people with and without reef experience rated coral reef scenes 

associated with cyclone damage and outbreaks of Acanthaster planci (a coral eating 
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starfish) as lower in health and non-ideal in comparison to coral reefs not associated with 

these damaging influences (Fenton et al. 1998).  

 

4.2 Methods 

Underwater photography 
 
Obtaining people’s judgements of environments presented photographically are comparable 

with environmental judgements made in the field (Shuttleworth 1980; Shelby & Harris 

1985). Therefore, when field trips are logistically impractical photographic surveys provide 

a comparable alternative. Photographs were obtained from six coral reef sites situated in the 

Whitsundays region of the Great Barrier Reef. Anchoring activity was calculated using 

GBRMPA data and by observing boating activity during the field research. Of the six coral 

reef sites surveyed, three were associated with high levels of anchoring and three were 

associated with lower anchoring activity (a mean of 3.3 anchor drops per day for the high-

use sites and a mean of 0.37 anchor drops per day for the low-use sites). At each site, two 

depths, the crest (1-3 m) and the lower slope (9-11 m), were surveyed to provide a wide 

range of coral conditions for participants to judge. Full site description is provided in 

Chapter 3. 

 

The photographs of the coral reef sites were taken in a non-biased manner by taking one 

photograph approximately every 1.5 meters along a 50 m transect line laid at each site 

(Fenton 1981). The transect line was used as a guide for the photograph position, but was 

not present in the photograph. A side view of the coral reef was taken, because it gave a 

more familiar appearance to the reef, compared with a photograph taken looking down at 

the reef structure. The quality of underwater photographs is affected by the weather, tide 

and time of day; therefore photographs were taken during comparable environmental 

conditions between March and May 2002. 
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Selection of photographs and questionnaire construction  
 
A representative set of photographs was selected using four stages; 1) removal of unusable 

photographs and random selection of six photographs from the 36 photographs taken at 

each site-depth combination (i.e. 72 photographs selected from the 432 taken), 2) 

measurement of important coral community characteristics using a grid point survey, 3) a 

principal component analysis to select photographs with the widest range of variation in 

coral community characteristics and 4) arrangement of photographs for the perceptual 

study. Steps 2 - 4 are described in more detail below.  

 

The grid point survey (Fenton 1981) was conducted on the six randomly selected 

photographs from each site-depth combination, 72 photographs in all, to select the 

photographs for the study. First, the number of points associated with three broad 

categories; water, background and foreground were measured to ensure the photographs 

had a standardised layout. The category “water” is self-evident. The category “background” 

was the portion of the coral reef that could not be identified because of the integrity of the 

photograph, for example, shaded by other components, or too distant. The “foreground” 

comprised coral reef components that were readily identified. The three categories were 

similar for photographs from each site-depth combination. Photographs comprised on 

average 65.3 ± 3.6% foreground, 14.4 ± 3.2% background and 20.3 ± 4.4% water, 

suggesting a standardised layout of the components in the photographs (Figure 4.1). 

Second, the foreground area was further surveyed (using the grid point technique) to 

quantify the percent cover of seven coral types, five coral damage types and numbers of 

fish. These ecological measurements were taken to ensure a gradient of coral condition was 

provided for the participants to judge and to establish that the photographs were 

representative of the condition measured in the field (Chapter 3).  
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Figure 4.1. An example of a typical coral reef photograph used in the perceptual study, 

showing extent of foreground, background and water.  

 
 

A principal component analysis (PCA) was conducted on the ecological measurement to 

select a reduced set of photographs, but maintain the variation across photographs. 

Photographs from the two depths were analysed separately. Five principal components with 

eigenvalues exceeding one were identified on the crest and four on the lower slope. Each 

principal component value was sorted and the photographs with the highest, median and 

lowest values were selected. The median photograph on the fifth component of the crest 

was not used because an even number of photographs were required. Any duplicates were 

discarded and the next slide in the relevant series selected. The selection technique 

produced 14 photographs from the crest and 12 photographs from the lower slope, 

providing a total of 26 coral reef photographs from the 72 ecologically measured 

photographs to be used in the perceptual study. 

 

In a repertory grid methodology a triad of photographs are used to elicit constructs 

(Fransella & Bannister 1977). However, the underwater scenes were deemed too complex 

for participants to describe the similarities in two photographs compared with the 

differences in a third. Therefore, the coral reef photographs were arranged into pairs. Pairs 
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mixing the lower slope and crest were not used. The pairings were randomly distributed 

between the sites that experienced high and low intensities of anchoring. Therefore, 

pairings included photographs of sites with high-high, low-low and high-low intensity of 

anchoring. Pairings were not all high-low anchoring intensity as that may have created a 

disturbed / non-disturbed pattern that would influence the judgments of participants.   

Study procedure  
 
To understand how people describe coral reefs, I elicited meanings that were important to 

the participants based on the range and organisation of their experience. The meanings 

ascribed to the coral reef environment were obtained using a modification of Kelly’s 

repertory grid technique (Kelly 1955). The modified repertory grid used photographs of 

coral reefs as the elements, to which people responded. The responses used in 

discriminating amongst elements are referred to as constructs. Constructs are essentially a 

bipolar discrimination that represents the fundamental way a person views the world. Each 

construct has an emergent pole, which is the first description provided by the participant 

and an opposite or implicit pole, which is the second description provided by the 

participant for each of the paired elements (Lester 1995). The constructs relate to each other 

to build a picture or view of how a person perceives his / her surroundings. Eliciting 

construct systems provides a description of the meanings ascribed to the elements.  

 

The researcher introduced the study to each participant and explained the process for 

completing the repertory grid. Participants were told that the research was interested in how 

people described coral reefs, but further information about the purpose of the study or the 

location of the photographs was not provided (a copy of the repertory grid is presented in 

Appendix 1.). The participants completed the assessment individually and not as a group.  

 

The study was undertaken in three phases. The first phase asked participants to specify 

some important way in which pairs of coral reef photographs differ; thus identifying the 

emergent and implicit pole of each construct. For instance, the participants were asked to 

“describe one thing that differed between the pairs of photographs”. The study was 

constructed so the participants filled in blanks for the question “Photograph 1 is (or has) 
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…..? While photograph 2 is (or has) ……?” The verbal description given to photograph 1 

was the emergent pole of the first construct and the verbal description given to photograph 

2 was the implicit pole of the first construct. Participants’ continued providing new 

constructs for each of the 13 pairs of coral reef photographs or until they could not specify 

any further new differences.  

 

In phase two, participants were asked to rate the 26 photographs on a presence / absence or 

binary scale for each of the constructs. If the coral reef depicted, matched the emergent pole 

of the construct it was scored with a one (1) or if it matched the implicit pole the construct 

was scored with a zero (0). The photographs were no longer paired, therefore, a majority of 

photographs could be judged as having the attributes of the explicit pole of a particular 

construct. The rating process continued until all constructs and photographs were judged. 

To clarify the assessment procedure the construct murky / clear was provided as an 

example for the first pair of photographs. Water clarity was chosen because it was expected 

to be an important construct, but did not directly reflect the condition of the coral reef 

community.  

 

In summary, each participant provided a verbal description or construct of each photograph 

pair and all photographs were scored in relation to the presence of each construct. Through 

this procedure a matrix was formed which consisted of the emergent pole in the first 

column, binary ratings for each photograph in the body of the matrix and the implicit pole 

in the last column of the matrix. An individual grid was developed for each participant. On 

the last line of the grid the participants were asked to rate on a scale of 1-6 the health of the 

coral reef presented in the photograph. The relationship between the judgements of health 

and other constructs is explored in Chapter 5. Any construct that was inadvertently repeated 

by the same individual, that is the same wording was used by a single participant, was 

excluded from the analysis. 

 

In the final task, participants were asked several demographic questions about themselves 

and about their experience of coral reef environments. Questions specifically addressing 

coral reef experience included, employment associated with coral reef research, 
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management or tourism; the number of times participants had scuba dived on coral reefs 

and the type of visits to coral reefs. Participants were also asked where they gained 

information about coral reefs, for example, media, natural science presentations or 

aquarium visits.  

Participants 
 

Participants were selected on a convenience basis from target organisations. Convenience 

sampling was used to ensure people with a range of experience participated in the study. 

Participants were not divided into groups a priori, but chosen so that people with a range of 

backgrounds and experiences with coral reefs were included in the study. Participants were 

drawn from the towns of Townsville, Airlie Beach and Perth and included, marine research 

ecologists, coral reef managers, dive tourism operators and locals with no working 

association with coral reefs. 

 

Townsville is a major centre for coral reef science and management and therefore provided 

participants with a high level of experience with coral reefs. People from Airlie Beach were 

chosen because this township is the closest location to the surveyed coral reefs (Figure 3.2) 

and these people may have local knowledge of the reefs that changed their perceptions 

compared with other groups. Perth was selected as a location to provide participants that 

were geographically isolated from the Great Barrier Reef and perhaps had not seen coral 

reefs before. Once the study was completed, the range of personal experiences was used to 

group the participants. Two distinctive groups were identified; group 1 consisted of 

participants who had a working association with coral reefs where participants were either, 

coral reef scientists, managers or dive tourist operators and group 2, were participants who 

had no such working association with coral reefs. 

Statistical analysis 
 

To identify the inherent structure in the data, a principal component analysis (PCA) was 

conducted on the matrices formed by the constructs and ratings provided by each 

participant group. PCA was used because the analysis extracts a small number of new 
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components (the meanings) that explain most of the variation in the range of variables 

(constructs elicited) (Quinn & Keough 2002) and is the method typically used in analysing 

repertory grids (Walmsley & Jenkins 1993; Young 1995). A PCA identifies the important 

meanings ascribed to the coral reefs and how each of the individual photographs is rated for 

each of the meanings. The PCA used a correlation matrix and an unrotated factor solution 

with principal components generated for eigenvalues exceeding one. The meanings of each 

component were derived from the constructs, which the participants provided, that had the 

largest and smallest component loading values on each of the principal components. The 

researcher reviewed the twelve highest and lowest constructs and identified a common 

theme or meaning which best described each of the dimensions. Separate PCAs were 

conducted on the information provided by the two participant groups. The values from the 

structural matrix were graphed to visually identify whether the participants were separating 

photographs taken from coral reefs associated with different intensities of anchoring. 

Relationship between the meanings ascribed to coral reefs were explored using a linear 

regression analysis.  

4.3 Results 
 

Characteristics of participants  
 

A total of 76 people participated in the study. Females comprised 52.6 % of the participants 

and the average age of all participants was 40.2 years. The participants were highly 

educated, with 79.0 % tertiary educated. Participants from group 1, apart from having a 

working association with coral reefs, were mostly experienced divers, had visited coral 

reefs often and attended natural science coral reef presentations (Table 4.1). In comparison, 

group 2 participants had little diving experience, had participated in fewer coral reef trips 

and gained their knowledge about coral reefs primarily from aquarium visits (Table 4.1). 
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Table 4.1 A comparison of the coral reef experience and personal characteristics of 

participants. Values show the number of participants that reported each level of coral reef 

experience.  
 

Demographic character Group 1 Group 2 

Number of participants 42 34 

Mean Age (± SE) 36.4 (1.3) 45.0 (2.1) 

Sex (M:F) 22:20 14:20 

Education   

School : Tertiary 9:33 7:27 

Survey Location   

Townsville: Airlie Beach: Perth 18:22:0 12:7:15 

Diving experience   

None : Medium : Advanced 9:4:29 21:10:3 

Coral reef trips   

None : day: multiple visits 0:4:38 4:6:24 

Coral reef information   

Presentation : media: aquarium 35:6:35 16:11:27 

 

Meanings ascribed to coral reefs 
 
The aim of the repertory grid technique is to elicit, from the participants, salient descriptors 

or constructs that are used to describe coral reef environments. For example, the differences 

described for photograph 23 and 24, by participant # 4 was pretty – ugly and by participant 

# 62 was abundant – sparse. A total of 774 constructs were elicited from the participants, 

466 constructs provided by group 1 participants and 309 constructs provided by group 2 

participants. A similar number of constructs were provided by each participant, with group 

1 participants providing a mean of 11.8 (± 0.3) constructs and group 2 participants 

providing a mean of 11.2 (± 0.4) constructs. 
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The PCA revealed that both participant groups generated five principal components and 

these accounted for 59.4 % of the variation for group 1 and 61.8 % for group 2 (Table 2). 

There was considerable similarity in the number of components and the variance explained 

on each component by the two participant groups (Table 4.2); suggesting participants with 

different experiences may have similar views of coral reef environments. The first three 

components were most instructive in providing meanings for coral reefs and they are 

considered further. The meanings ascribed by both participant groups on the first three 

components were similar (Tables 4.3-4.5).  

 

Table 4.2. Comparison of the amount of variation explained on the five principal 

components derived from the principal component analysis of the two grids. 

 

Group 1 Group 2 

Component Eigenvalues % variation Component Eigenvalues % variation 

1 8.106 31.176 1 8.546 32.869 

2 2.984 11.476 2 3.026 11.637 

3 1.990 7.655 3 1.809 6.959 

4 1.223 4.702 4 1.559 5.998 

5 1.144 4.399 5 1.121 4.310 

 

 

The important constructs on the principal component one were “healthy”, “colourful 

corals” that would provide a “good site for diving” contrasted with “murky”, “sediment 

covered” “dead corals” that would be “bad for diving” (Table 4.3). By reviewing these 

important constructs it was apparent that the participants were evaluating the coral reef 

environment depicted in the photographs. Therefore, the first meaning ascribed to coral 

reefs was an evaluation dimension.  

 

The important constructs identified on the second principal component were “round 

corals”, “flat”, “no upturned corals” and “few fish” contrasted with “many fish”, “a sense 
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of movement”, “feeding coral polyps” and “stripy fish” (Table 4.4). Therefore, on one side 

of component two, participants described abundant coral with irregular shape and few fish 

and on the other side, a sense of movement, clustering of flat or smooth corals with many 

or unusual fish. Therefore, the second meaning ascribed to coral reefs was an activity 

dimension. The constructs within this dimension were not as concise as the other two 

dimensions, however they were all compared high and low activity. The activity concept 

was a combination of descriptions of direct movement, for example coral polyps feeding 

and the presence of fish, and more indirect descriptions of activity through the comparison 

of highly structured scenes with others that were flat or lifeless. 

 

The important constructs identified on the third principal component were “diverse”, 

“clustered” “complex coral structure” contrasted with “spiky”, “pointed corals” that formed 

“monocultures” or alternatively “bare substrate”, therefore suggesting the third ascribed 

meaning was a diversity dimension (Table 4.5). Participants from group 1 were more likely 

to use the constructs “diverse corals” compared with “branching” corals. Participants from 

group 2 used the constructs “lots of”, “variety”, or “different types of coral and fish”. The 

diversity component was consistently identified in the constructs with 15 of the 24 

constructs specifically identifying variety or diversity. 
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Table 4.3. The twelve highest and lowest constructs provided by the participants on 

principal component 1. Reviewing the constructs provided the meanings ascribed to coral 

reef scenes, the first being an evaluation. 

 

Constructs from participants in Group 1 Constructs from participants in Group 2  
Explicit pole Implicit pole  Loading 

value 
Explicit pole  Implicit pole  Loading 

value 
Nice for dive Not nice for 

dive 
1.39 Healthy Unhealthy 1.35 

Undisturbed Disturbed 1.37 Higher coral and 
fish species 
diversity 

Lower coral and 
fish species 
diversity 

1.33 

Colourful Dull 1.33 Colourful Bland 1.30 
Good dive Bad dive 1.33 Depth of colour No colour 1.29 
Visibility Silt 1.33 Weedy/coral Sandy 1.26 
Vibrant Lacklustre  1.32 Beautiful Ugly 1.24 
Good visibility Bad visibility 1.31 Coral covered 

surfaces 
Rocky dead coral 
surface 

1.24 

Good live coral 
coverage 

Little coral 
coverage 

1.28 Thriving Dying 1.24 

Garden Muddy 1.26 Dense Sparse 1.23 
Bright Dull 1.23 Intense Washed out 1.23 
Exciting Boring 1.23 Clean Suspended 

particles 
1.23 

Vivid colour Dull 1.23 No sediment Sediment 1.21 
      
Ugly Pretty -1.69 Murky Clear -1.65 
Murky Clear -1.70 Spoilt Unspoiled -1.66 
Murky Clear -1.70 Silted More silted -1.67 
Dead Alive -1.73 Not recovered Regrowth -1.68 
Murky Clear -1.74 Murky Clear -1.69 
Silty Clear -1.75 Boring Pretty -1.70 
Open site Close clean -1.75 Sandy Not sandy -1.73 
Silty Clean -1.76 Sediment 

covered area 
Clean coral -1.73 

Murky Clear -1.76 Blanket Uncovered -1.76 
Water silted Water clear -1.79 Murky Clear -1.76 
Unhealthy Healthy -1.86 Silted Unsilted -1.76 
Smothered Sediment free -1.89 Dead Living -1.78 
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Table 4.4 The twelve highest and lowest constructs provided by the participants on 

principal component 2. Reviewing the constructs provided by the participants identified 

that the second meaning ascribed to coral reef scenes was activity. 

 
Constructs from participants in Group 1 Constructs from participants in Group 2  

Explicit pole Implicit pole  Loading 
value 

Explicit pole  Implicit pole  Loading 
value 

Life No life 2.58 Shoulders Slabs 2.41 
Millepora 
bleached 

Millepora not 
bleached 

2.51 No soft coral Soft coral 2.29 

Alive Dead 2.48 All hard coral Some soft coral 2.29 
No up turned 
corals 

Upturned corals 2.42 Uneven Smooth 2.08 

Corals present No coral present 2.31 Alive Dead 2.08 
No coral polyps 
feeding 

Coral polyps 
feeding 

2.24 Coral No coral 2.08 

Murky Clear 2.23 No flat sheets  2.03 
Hard Soft 2.15 Uninspiring Wonderful 2.01 
No edible fish Edible fish 2.11 No cyclone 

damage 
Cyclone damage 1.95 

No plate coral Plate coral 2.10 Abundant Not abundant 1.93 
Going Gone 2.06 Fragile Not fragile 1.93 
Few fish Lots of fish 2.05 Small fish Large fish 1.84 
      
Fire coral No fire coral -2.09 Flat coral No flat coral -2.02 
Sense of 
movement 

Stagnant -2.09 Lots of fish Few fish -2.04 

Lots of fish Few fish -2.16 Stripy fish No stripy fish -2.08 
Big fish Little yellow 

fish 
-2.17 Diverse Simplified -2.15 

Many fish One fish -2.20 Isolated Part of a larger 
area 

-2.23 

Murky Clear -2.22 Butterfly fish Looks murky -2.26 
Shallow Deep -2.36 Closed Open -2.29 
Stinging Boulder -2.44 Fan type coral  -2.38 
Gully/groove  -2.46 Purple Aqua -2.44 
Sandy patch No sandy patch -2.56 Smooth shell 

shape 
Rough -2.45 

Angelfish No angelfish -2.60 Bommie No bommie -2.46 
Coral bommie Little height 

variation 
-2.61 reddish Whitish -2.49 
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Table 4.5. The twelve highest and lowest constructs provided by the participants on 

principal component 3. Reviewing the constructs provided by the participants identified 

that the third meaning ascribed to coral reef scenes was diversity. 

 

Constructs from participants in Group 1 Constructs from participants in Group 2  
Explicit pole Implicit pole  Loading 

value 
Explicit pole  Implicit pole  Loading 

value 
Coral diversity Only one 

species 
2.85 Still Moving 3.0 

Robust Fragile 2.78 Diverse Serene 2.46 
Massive Branching 2.71 Ball shaped coral Not ball shaped 

coral 
2.37 

Small Big 2.44 Cluttered Less cluttered 2.06 
Bunches of coral Devoid of corals 2.30 Flat Inclined 2.00 
Bleached Unbleached 2.27 Diverse Similar 1.97 
Higher diversity  2.24 Flat Spiky 1.95 
Diverse Depauprate 2.06 Falling Rising 1.94 
Variety of corals Not varied 2.06 Bulbous Fins 1.94 
Different corals Same corals 2.06 Little algae Much algae 1.73 
Boulder Broken 2.04 Complex Simple  1.71 
Soft coral Alga/hard coral 2.02 interesting Not interesting 1.62 
      
Branching Barren -2.06 Spiky Smooth -2.14 
Few/no soft corals  -2.12 Staghorn Rounded -2.14 
Stand of one 
species 

No stands of one 
species 

-2.15 Growth Bare -2.17 

Branching Boulder -2.19 Sharp Soft -2.18 
Branching corals Barren of 

branching corals
-2.19 Spiky Rounded -2.20 

Silt Bleached -2.19 Pointy Puffy -2.23 
Hard Soft -2.22 Pointy coral Not pointed corals -2.25 
Branched corals Massive corals -2.23 Twigs Rocks -2.28 
Geometrical Curved -2.26 Thin coral Flat coral -2.39 
Uniform Variety -2.31 Prickly No prickly -2.39 
Many branching 
corals 

Mainly other 
corals 

-2.48 Spiky Round -2.51 

Branching corals 
dominate 

No-branching 
corals dominate 

-2.48 spindly Solid -2.56 
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Relationship of the photographs with the ascribed meanings  
 

To discover whether the meanings provided by both participant groups discriminated 

photographs from coral reefs associated with different levels of anchoring, the position of 

the photographs on each of the three dimensions was graphed (Figure 4.2). The most 

important meaning was the evaluation dimension and coral reefs associated with low 

anchoring intensity were positioned towards the “good” end of this dimension. In 

comparison, photographs from coral reefs associated with high intensity of anchoring were 

positioned towards the “bad” end of the evaluation dimension (Figure 4.2A). Therefore, 

participants distinguished the difference in coral reef condition associated with anchoring 

and coral reefs associated with high intensities of anchoring were perceived to be of poor 

visual quality. In terms of activity, coral reefs associated with both high and low levels of 

anchoring were perceived to have a range of activity, but higher levels of activity were 

identified for photographs that were evaluated highly (Figure 4.2A). Coral reef photographs 

differing on the evaluation dimension also displayed a range of diversity values (Figure 

4.2B). There was no relationship found between the activity and diversity dimensions 

(Figure 4.2C).  
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Figure 4.2. The distribution of the 26 photographs on the three important dimensions used 

to describe coral reefs by the two participant groups. Photographs from the coral reefs 

associated with low intensity of anchoring were grouped at the “good” end of the 

evaluation dimension. A relationship between evaluation and activity dimensions was 

identified (A, group 1; r2 = 0.526, df = 24, P < 0.001, group 2 r2 = 0.267, df = 24, P = 

0.004). No relationship between the evaluation and diversity (B, group 1; r2 = 0.074, df = 

24, P =0.096, group 2 r2 = 0.106, df = 24, P = 0.103) or activity and diversity (C, group 1; r2 

= 0.006, df = 24, P =0.367, group 2 r2 = 0.006, df = 24, P = 0.688) was established.  
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4.4 Discussion 
 
 
Participants, regardless of their experience with coral reefs, ascribed similar meanings to 

the coral reef scenes. The first and most important meaning ascribed to coral reefs was an 

evaluation; was the scene good or bad? Did it provide interest or not? Did it have the 

prospect of a fulfilling experience or not? Evaluation of the environment for its possibility 

for action is the most important criterion driving preferences for terrestrial scenes, both 

natural and human-influenced (Fenton 1988; Kaplan 1988; Kaplan & Kaplan 1989; 

Walmsley & Jenkins 1993; Young 1995; Hagerhall 2000). In terms of action, people prefer 

scenes that provide information and extend their understanding and experience of the 

environment. Kaplan and Kaplan (1989) found even in rapid assessments, people evaluate 

the entire scene for its potential for actions, even though they can not carry out the actions 

because the scene is presented photographically. In this coral reef study, people assessed 

each scene for its ability to provide benefits, such as excitement or a good diving 

experience. The process was obviously similar to the way people assess terrestrial scenes, 

where they prefer scenes that provide further information and a desirable experience 

(Gibson 1979; Appleton 1988).  

 
The initial assessment of the coral reef scenes by people whose occupation has a level of 

interaction with the coral reef environment and those that have no such association was an 

evaluation. The second and third dimensions of meaning ascribed to coral reefs focused 

more-so on the biophysical components. The second dimension of meaning described the 

amount of activity in the scene, where the movement of large numbers of fish and the 

complexity of the corals added to the perception of activity. The third dimension of 

meaning was diversity were both groups of participant were consistent in their description 

of highly diverse scenes in comparison to scenes with coral that display a single growth 

morphology. Similarly, Höge (1990) found that art historians express a personal preference 

about an artistic object, similar to the evaluation dimension in my study, prior to describing 

technical details such as artistic merit or value. This suggests that the two assessments, 

preferences or evaluation and detailed judgments, use different components within the 

scene. The finding that there are evaluation, activity and diversity dimensions ascribed to 

coral reef scenes also supports research findings undertaken since the late 1950’s, which 
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demonstrated, using the semantic differential technique, that there are three major 

components of meaning in natural language which could be defined as evaluation, activity 

and potency (Osgood et al. 1957).  

 

Kelly’s repertory grid method was useful in identifying the underlying meanings people 

ascribed to the coral reef environment. Importantly, this method allows the participants to 

provide their own meanings rather than being constrained by terms that are provided by the 

researcher, which is a common approach in much social research. In a management context, 

this technique could identify the underlying meanings of the environment held by different 

stakeholders, potentially identifying shared meanings and values. Understanding the 

different meanings people hold for the environment can be used to develop understanding 

and communication amongst stakeholders and enhance the decision making processes 

(Robertson & McGee 2003). For example, Fenton and Syme (1989) used a repertory grid to 

identify meanings held for the coastal strip of Western Australia. The information provided 

was used to identify locations where development was perceived to be appropriate and 

those areas that required conservation (Fenton & Syme 1989).  

 
The consistency in meanings ascribed by the two participant groups was surprising. Not 

only did participants provide similar constructs, their rating of the photographs was similar, 

as were the components and the importance given to each component. The consistency in 

views for particular environments suggests that people have a stereotypical image of coral 

reef environments, similar to that described in a study of day tourists perceptions of coral 

reefs (Fenton et al. 1998). Essentially, broad sections of the community, including 

scientists and lay people, evaluated the coral reef environment in the same way. In contrast 

to the stereotypical views identified in the coral reef study, a relationship between people’s 

perceptions and prior experience was established in studies of people’s perceptions of 

forest and native vegetation (Kaplan & Kaplan 1989; Purcell 1992). In the forests study, 

participants given prior information about a tree disease rated photographs showing disease 

symptoms as less preferred compared with participants without such knowledge (Kaplan & 

Kaplan 1989). Native vegetation was preferred by participants who were members of a 

native wildflower group, whereas participants without the association gave equal 

preference to native and non-native forested scenery (Kaplan & Kaplan 1989). People’s 
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perceptions of scenes where they had a positive recreational experience caused them to rate 

scenes associated with the experience highly, in comparison to other landscape scenes 

(Mugica & Vicente de Lucio 1996). Agricultural scenery was preferred by farmers in 

comparison to non-farming locals and visitors who preferred more natural scenes (van der 

Berg et al. 1998). Therefore, understanding people’s perceptions of the environment would 

be useful in the promotion of a common understanding between stakeholders, which is 

important for developing co-management of the environment (Huntington et al. 2002). 

 

The classification and description of the environment using perceptual and cognitive 

descriptors, concurrently with biophysical descriptors, provides useful and additional 

information for the purpose of environmental management and planning. The ecological 

assessment of these coral reefs identified that higher levels of damage and lower coral 

cover of some coral groups occurred on coral reef sites with higher levels of anchoring 

(Dinsdale & Harriott 2004) and participants judged these same coral reefs as being of poor 

quality. Therefore, in terms of assessing a location, integration of social and biophysical 

information provides a more complete picture of the environment. The ecological 

information showed a loss in an important habitat and the social information showed a loss 

in visual quality. People’s perceptions of the environment has identified that there is a level 

at which a change in environmental condition becomes unacceptable. Therefore, a 

compelling argument for the implementation of mitigation strategies can be presented. 

Similarly, Zanetell & Knuth (2002) identified knowledge partnerships, between local and 

scientific communities, could provide better explanations of environmental phenomenon 

and increase the credibility and clout of both groups in the management process. The 

relationship between the perceptual meanings and ecological measures is explored further 

in Chapter 5. 

 

The meanings provided by participants were useful in describing changes in coral 

conditions associated with anchoring intensity. Participants therefore have a capacity to 

discriminate changes in environmental condition, even in unfamiliar situations like that of 

underwater coral reef environments. Similarly, Hillery et al. (2001) in a study of 

environmental condition at Uluru, Central Australia, identified that tourists rated 

 71



environmental condition lower at sites with a higher intensity of tourism impacts and 

Faulkner et al. (2001) identified that resident’s perceptions of water quality after remedial 

work was similar to results of biological monitoring. These findings suggest that perceptual 

information has the potential to provide information about environmental condition and 

could be used for monitoring purposes. Monitoring by community volunteers is useful for 

environmental management because it extends the spatial and temporal replication of data 

beyond those collected by professionals alone (Carr 2002). Reef Check, for example, 

mobilised 5000 volunteers to measure coral reefs around the world (Hodgson & Liebeler 

2002). Monitoring techniques are generally developed by scientists and modified to suit the 

skill and financial level of the community. In the reef check example scientists trained the 

volunteers, and supervised monitoring and data collation (Hodgson & Liebeler 2002). 

However, selection of indicators with greater local meaning than the standard scientific 

measurements could increase community understanding and awareness of change in 

environmental condition. For instance, Gasteyer & Flora (2000) found that community 

action was stimulated when water turbidity was measured by the community using familiar 

terms. The coral reef case study suggests that by simply asking people to visually assess the 

environment would accurately describe broad changes in coral reef condition. 

  

The development of knowledge partnerships and the involvement of people in monitoring 

are not only important for the acquisition of information, but have potential for increasing 

the involvement of people in the management process. The involvement of people in 

environmental management is the key to collaborative resource management and achieving 

benefits for both the environment and the community involved (Christie et al. 1994; Carr 

2002; Chuenpagdee et al. 2002; Olsson et al. 2004). Identifying the meanings people 

ascribe to coral reefs has the potential to encourage participation in environmental 

management by 1) providing a value judgement for different types of coral condition, 2) 

identifying indicators for monitoring that have greater community meaning and 3) 

providing an understanding of how people with different experiences and backgrounds 

view coral reefs, potentially building understanding between stakeholders.  

 
This chapter identified that people ascribe three important meanings to the coral reef 

environment and the meanings were useful for describing changes to the condition of coral 
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reefs associated with anchoring. Because of the accuracy of the descriptions, people’s 

perceptions would provide useful information for management. The next chapter adds the 

third dimension in assessing the ecosystem health concept by asking participants to provide 

a health judgement for the coral reef sites studied in Chapters 3 and 4. 
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CHAPTER 5 
 

CORAL REEF HEALTH INDICATORS: ECOLOGICAL AND 
PERCEPTUAL ASSESSMENTS OF ANCHOR DAMAGE 

 

5.1 Introduction  
 

This chapter conducts the third stage of exploring the ecosystem health concept by 

comparing the participant’s judgements of health with the ecological measures and 

perceptual meanings identified in the previous two chapters.  

 

The holistic nature of environmental management has required the integration of 

information about the environment, people’s associations with the environment and their 

desires for the type of environment condition. The integration of these knowledge fields is 

problematic and the legitimacy of each source of knowledge has been questioned 

(Policansky 1998; Bellamy et al. 1999; Hull et al. 2003; Failing et al. 2004). Tensions exist 

in environmental management between science, values and uncertainties in both the natural 

and social systems being assessed. Problems in the integration of these systems arise 

because information acquired by scientists compared with that provided by lay 

communities is collected using techniques based upon different epistemologies.  

 

Science conducted from a positivist viewpoint where the environment, which is separate 

from social practices and human experiences, has the power to produce unambiguous, 

observable and rectifiable outcomes (Macnaghten & Urry 1998; Robertson & Hull 2001; 

Song & M'Gonigle 2001; Tress 2002). Using a positivist epistemology, scientific 

knowledge is collected using value-free objective observations and only experts trained in 

scientific methods are qualified to measure and describe the natural phenomena (Zanetell & 

Knuth 2002). Because of this epistemology, science, and in particular natural sciences, was 

seen as the basis for managing the environment and information provided by scientists was 

often more highly regarded than information provided by other stakeholders (Lele & 

Norgaard 1996). However, the information collected by scientists using a positivist 

viewpoint often lacked usefulness for managers because it provided only the facts and no 
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information on what the desired state might or might not be, i.e. there can be no adversary 

position in positivist science (Robertson & Hull 2001; Ehrlich 2002; Lachapelle et al. 

2003). However, the data provided by scientists, collected in a positivist manner, is used by 

others to argue positions in natural resource management issues, thus giving the positivist 

science an adversary position.   

 

Positivist science often focuses on one aspect of the resource, in a reductionist way, which 

often ignores flow-on effects and other complex linkages (Hollings et al. 2000; Lackey 

2003). Humans are sometimes seen as intruders into the environment and the only 

relationship they have with the environment is to cause impacts and degradation (Grumbine 

1994; Endter-Wada et al. 1998). Modern science also neglects or rejects those aspects of 

the world that can not be quantified, thereby removing some aspects of how people see or 

experience the world as a way of describing nature (Gunderson et al. 1995; Hollings & 

Meffe 1996; Tress 2002). In some cases the use of Western science, in the absence of local 

knowledge and community involvement, has exacerbated social and natural resource 

problems and also threatened the loss of original solutions derived from local cultural 

situations (Salas 1994; McNeely 1995b; Hollings & Meffe 1996; Zanetell & Knuth 2002; 

Pretty 2003b). In the Andes for example, the introduction of Western science and 

agricultural practices to develop more productive potato crops, focused on low land species 

ignoring the more important highland areas where most of the production occurs (Salas 

1994). The scientists developed a potato crop which grew well, but required high levels of 

mechanisation and nutrient input, minimising the role of social and cultural knowledge 

systems and activities. The potato research also monopolised genetic resources and ignored 

ecological diversity, which was well known and used by the Andean cultivators, who have 

developed 82 % of the potato varieties used in agriculture. Therefore, Salas (1994) 

suggested that in this case Western science exacerbated the major problems of society and 

threatened to erase original solutions derived by local knowledge.  

 

The singular view of positivist science in environmental management has given way, to 

some degree, to a post-normative science, where scientists identify that science is a cultural 

action and values are embedded in scientific activities (Meffe & Viederman 1995; Patterson 
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& Williams 1998; Robertson & Hull 2001; Song & M'Gonigle 2001; Lachapelle et al. 

2003). Scarce (1999), for example, describe how research on salmon was influenced by 

government policy and public views. The post-positivist view of science recognises that 

multiple interpretations and types of knowledge exist (Hollings et al. 2000). Post-positivist 

approaches to environmental management are distinctive in stating that knowledge is not 

the exclusive province of experts, but local people or communities may possess a non-

scientific, but detailed and useful knowledge of local environmental conditions (Bryant & 

Wilson 1998; Berkes et al. 2000; Berkes & Folke 2000; Lachapelle et al. 2003; Pretty 

2003b). Information in environmental management therefore can be provided by many 

people and integrated in the environmental management process.  

 

Information from communities about the environment or local ecological knowledge is 

experiential, gained by continual observation and constructed by community values and 

beliefs (McNeely 1995a; Burroughs 1999; Berkes & Folke 2000; Olsson & Folke 2001). 

Unlike scientific information, local knowledge has a strong cultural component and is often 

revealed in stories, myths or events. Local knowledge is a subjective description of world 

phenomena that is shaped by, and shapes, cultural attitudes and activities (Zanetell & Knuth 

2002). It is assumed that every society has its own means and adaptations to deal with its 

natural environment and this knowledge could be useful when integrated with scientific 

knowledge for environmental management (Berkes & Folke 2000). For example, elders in 

Venezuela described the relationship between crocodiles and tropical fish abundance, 

which had received little scientific research and therefore, identified the unexpected 

contribution of crocodile hunting to the decline of fisheries (Zanetell & Knuth 2002). In 

Sweden, local people identified the effects of acidic rain on the lakes in their local area and 

implemented a monitoring and mitigation strategy preceding the national monitoring 

scheme by several years (Olsson et al. 2004). The basis of the discussion for including 

knowledge, other than scientific, in environmental management is that people may have 

developed knowledge and practices that are appropriately adapted to the ecological systems 

in which they occur, thereby potentially bringing different and innovative practices into 

environmental management (Berkes et al. 2000; Berkes & Folke 2000; Wilson 2003). 

Therefore, the use of local knowledge has the potential to develop better management 
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outcomes and empowers communities to be involved in environmental decisions. Of equal 

importance, for local ecological knowledge to be maintained new context for it use need to 

be created (Davidson-Hunt & Berkes 2003). 

 

Several types of ecological knowledge are recognised; local ecological knowledge, 

traditional ecological knowledge, indigenous knowledge and neo-traditional knowledge. 

Local ecological knowledge is held by a specific group about their local ecosystem, it can 

be a mix of scientific and practical knowledge, it is site-specific and often involves a belief 

component (Olsson & Folke 2001). Local knowledge differs from traditional ecological 

knowledge because it lacks a historic or cultural perspective (Berkes 1999), but both can be 

informative about environmental conditions and provide useful information for the 

management processes. For the purposes of the present study, information about the 

environment provided by people from a contemporary society is considered as local 

ecological knowledge and the relationship of this knowledge with more objective scientific 

assessment and measurement is explored within the ecosystem health concept.  

 

Ecosystem health is one concept proposed to manage the environment from a holistic 

perspective, examples of the use of the concept including being mentioned in the Rio 

Declaration on Environment and Development and being a focus area of environmental 

audits conducted in Australia and Canada (Rapport 1995; Boesch & Paul 2001; Rapport 

2003). However, the concept is also embroiled in arguments concerning scientific 

knowledge and value judgements. The ecosystem health concept was reviewed in Chapter 

1. The underlying conceptual approach of the ecosystem health concept is to encourage 

people to be involved in management and care for the environment, because it uses 

languages that people relate to and invokes a societal value. People value their own health 

and health in others and by extension it is assumed that people will instinctively envisage a 

healthy ecosystem and be motivated to maintain the ecosystem in a healthy state (Lackey 

2003). The ecosystem health concept is highly integrated, recognising that people affect the 

health of the environment and that the health of the environment affects the health and 

well-being of people (Kusel & Alder 2003; McMichael et al. 2003). Parks Victoria 

(www.parkweb.vic.gov.au), for example, has used the ecosystem health concept to 
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encourage people to use and be involved with the management of the national parks in 

Victoria, Australia, acknowledging that having people actively using the environment is 

good for the health of the parks and the people.  

 

Adopting an ecosystem health concept as a way to manage the environment has caused 

contention (Suter 1993; Wicklum & Davies 1995; Wilkins 1999; Lancaster 2000; 

Fitzsimmons 2003). The contention, as described earlier, is mostly related to linking 

information about the environment obtained using ecological measures, with people’s 

subjective value judgements. The proponents of ecosystem health, for example, describe 

the concept as a method for encouraging people to be involved in environmental 

management, thus achieving positive outcomes for both people and the non-human 

environment (Orr 2002). For example, native grasslands in California managed with an 

ecosystem health goal have integrated conservation, grazing and tourism to achieve 

positive outcomes for biodiversity, ranchers income and visitor experiences (Hamilton 

2003; Reiner 2003). Those opposed to the concept describe it as a system for managing the 

environment using emotive value judgments, not independent scientific reality (Suter 

1993). 

 

Examining the ecosystem health concept further reveals that both terms “ecosystem” and 

“health” are difficult to define and require some subjective interpretation (Chapter 1). The 

proposed advantage of the ecosystem health concept is that a range of people can describe 

the environment, thereby, providing a way to integrate local and scientific ecological 

knowledge into environmental management. Achieving integration broadens understanding 

of environmental condition and identifies the effect a change in condition has on the value 

people place on the environment (Ross et al. 1997; Slocombe 1998; Robertson et al. 2000; 

Ura 2003). By using terms that people readily understand when discussing the 

environment, a range of people with various backgrounds can discuss, on an equal basis, 

environmental decisions and potentially provide strategies to mitigate change. The resulting 

environmental management decision is then developed through a negotiated process among 

a range of people, achieving greater community ownership and acceptance. Furthermore, 

the use of knowledge provided by people with different interests and backgrounds is an 
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important step in overcoming institutional barriers to implementing integrated approaches 

to environmental management (Burroughs 1999; Huntington et al. 2002).  

 

The ecosystem health concept, as described in Chapter 1, relies on a description of the 

environment using two dimensions; biological condition and human influence (Karr 2000) 

(Figure 1.1). The state of the environment is described as a continuum from pristine to one 

where no life exists. A pristine or integral environment is one which supports a biota that is 

the product of evolutionary and biogeographic process with little or no influence from 

humans. A healthy environment is deemed sustainable and able to supply requirements for 

both human and non-human communities. Conversely, an unhealthy environment is 

considered unsustainable and requires a change in people’s activities to improve its 

condition and re-establish the supply of products (Karr 1999; Karr 2000). An environment 

may still be deemed healthy, even when it has moved some distance from pristine, because 

of societal values. At some stage however, the change in the condition of the ecosystem is 

such that the environment switches from one that is considered healthy to one deemed 

unhealthy. Describing the change in condition along the health continuum and identifying 

where the environment is deemed to have changed from healthy to unhealthy are the major 

problems encountered in applying the ecosystem health concept in environmental 

management.  

 

The research, described in this chapter, explores the tension between scientific and local 

judgements of coral reefs associated with different intensities of anchoring. My research 

uses anchor damage on coral reefs as a case study to identify the relationship between (i) 

objective ecological measures, (ii) perceptual meanings and (iii) health judgements.  

 

5.2 Methods 

Assessments of coral reefs using the three individual measures 
 
To investigate the relationship between scientific and local knowledge, assessments of 

coral reefs associated with different intensities of anchoring were conducted using three 

epistemologically distinct measures. Coral reefs surveyed to identify the environmental 
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indicators (described in Chapter 3) were photographed for people to provide their 

descriptions (described in Chapter 4). Three types of measures were obtained from the 

photographs and compared: objective measures, which included typical ecological 

information; perceptual meanings, which are how people describe the reef and are 

equivalent to local knowledge; and a judgement of health, which is a normative value 

judgement. The objective ecological measures were obtained from the photographs rather 

than the field because the photographs are exactly what the participants were viewing. 

However, the ecological measures taken from the photographs were representative of coral 

reef condition measured in the field. 

 

To obtain the ecological measures from the photographs, a point survey was conducted 

using a 2cm  grid which was laid over each photograph displayed on a 32.5cm computer 

screen, providing 126 points to be measured. The coral reef structure underlaying each 

point was recorded (Fenton 1984). 

2

The numbers of points underlaid by five coral condition 

components were measured. The five coral components were; cover of branching corals 

and cover of massive hard corals, cover of soft corals, amount of damage, which including 

overturned corals, breaks, fragments, gouges and rubble (definitions of damage types 

presented in chapter 3 and Figure 5.1) and fish were measured. Therefore, the ecological 

measures were presented as the percent cover of each component in the photographs. A 

comparison of Figure 5.1 and Figures 3.3 and 3.4 will show that the slides had the same 

general characteristics of coral damage and cover as the field observations.  
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Figure 5.1 Types of damaged to corals caused by anchoring and associated chain. A) A 

coral colony has been overturned to the left of the photograph and rubble is present in the 

around the colony. B) The centre right portion of the coral colony shows gouging (bright 

white) that has occurred as an anchor has scraped across the colony, in comparison to the 

left of the photograph the coral colony has an intact living surface. C) The coral around the 

edge of this photograph is not damaged, but extensive damage has occurred in the centre of 

the photograph, where a great deal of the coral cover has been removed and an overturned 

coral colony surrounded by rubble remains. D) A coral fragment is depicted in the centre of 

this photograph and the fragment has also suffered some bleaching causing it to turn white. 

 

A B

 

C D
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To explore people’s knowledge of coral reefs, a modified repertory grid method was used 

(Kelly 1955) and the full methods are provided in Chapter 4. Participants were asked to 

describe the difference between pairs of coral reef photographs to obtain perceptual 

meanings of the coral reef. Participants in the perceptual study were separated into two 

groups depending on their experience of coral reef environments; participants in group 1 

had a working association with coral reefs (that is their occupation involved a level of 

interaction with coral reef environments), whereas, participants in group 2 had no such 

association. The responses from the two participant groups were analysed separately using 

two principal component analyses. Three important perceptual meanings were identified 

from the analysis and the value for each description was obtained from the component 

matrix (Chapter 4). The perceptual meanings did not identify differences between 

photographs taken at different depths therefore depth was removed as a factor from further 

analysis.  

 

As the last part of the perceptual study, which was described in Chapter 4, participants were 

asked to judge, on a scale of 1 - 6, the health of the coral reefs depicted in each of the 

photographs, where 1 was unhealthy and 6 was healthy. The judgements provided by the 

two participant groups were used to obtain an estimate of the health of coral reefs 

associated with different levels of anchoring intensity. An analysis of variance was 

conducted on the health ratings with anchoring intensity (high and low) and coral reef sites 

as fixed factors. The health judgements provided by the two participant groups were 

analysed separately. Coral reef sites were nested within the anchoring treatments and the 

interaction terms were not tested because the sampling design was not fully orthogonal. Of 

the forty-two participants in group 1, thirty-two provided usable health judgements, as did 

twenty-eight participants from the thirty-four in group 2. Unusable health judgements 

occurred because participants failed to read the instructions and provided a health 

judgement on a 1 - 0 scale rather than the required 1 - 6. A reliability analysis was 

conducted to identify whether participants were judging the health of the photographs in a 

consistent manner. In general, the concept of reliability refers to how accurate, on the 

average, the estimates of the scores are within the population. The Alpha model used, 

identified internal consistency based on the average of inter-item correlation. 
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Analysis of the relationship between local knowledge and health judgements 
 

To establish the usefulness of the ecosystem health concept, the relationship between the 

perceptual meanings and health judgements provided by participants was identified. It was 

hypothesised that if health was an inherent judgement, there should be a clear relationship 

between these two assessments of coral reefs. A multiple linear regression analysis of the 

responses provided by each participant group, was used to explore the relationship between 

these measures. The perceptual meanings (identified in chapter 4) were used as predictive 

variables and regressed against the mean health ratings. Predictive variables were entered 

into the models in a stepwise fashion to identify the most important predictor(s) of the 

health judgements. Values for the perceptual meanings were derived from the component 

matrix of the principal component analysis conducted on the repertory grid data in chapter 

4. Assumptions of normality and heterogeneity were met by all variables in the analysis. 

Analysis to identify environmental cues 
 

A regression tree analysis was conducted to identify the components or environmental cues 

that were consistent with a description of a healthy coral reef. Regression trees are 

generally used to explore, describe and predict the relationship between multiple species 

and environmental variables (De'ath & Fabricius 2000; De'ath 2002). In my research, the 

regression tree was used to predict the relationship between environmental cues and 

judgements of the health of the coral reef sites. Because the multiple linear regression 

analysis conducted in the previous section revealed a near perfect relationship between the 

evaluation dimension and health judgements, the evaluation dimension will be used as the 

health measure. For the regression tree analysis, the evaluation dimension provided a more 

accurate description of health because it was an elicited dimension, not one constrained by 

a term that the researcher provided to participants.  

 

A regression tree analysis splits the data into mutually exclusive groups that are as 

homogeneous as possible. The final groupings are characterised by a mean value of the 
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response variable i.e. the analysis divides the photographs into groups that are rated 

similarly for health or evaluation. The response variable for the regression tree analysis was 

the evaluation dimension and the predictive variables were the five ecological measures; 

i.e. percent cover of damage, soft, branching and massive corals and fish and the two 

remaining perceptual meanings; activity and diversity dimensions. The predictive variable 

that is most important in each of the resultant groups is identified on the branches of the 

tree and the amount of variance explained by each split in the tree is represented 

graphically by the relative lengths of the vertical lines associated with each split. The 

number of splits in the tree is identified by using cross-validation technique (De'ath & 

Fabricius 2000). Cross validation provides an estimate of the prediction error for trees of a 

given size. Using a plot of the relative error, the best tree size is the smallest tree such that 

its estimated error rate is within one standard error of the minimum. The information 

provided by the two participant groups was tested in two separate regression tree analyses. 

 

5.3 Results 

Assessments of coral reefs using three measures  
 

The three types of descriptions of coral condition, i.e. ecological measures, perceptual 

meanings and health judgements, all identified a difference with coral reef sites associated 

with high and low intensities of anchoring (Figures 5.2-5.4). The ecological measures 

identified that the cover of soft corals was higher at sites associated with low anchoring 

intensities. The cover of branching and massive corals fluctuated between sites within the 

two anchoring treatments, but showed no consistent trend with anchoring intensity. The 

amount of coral damage was higher at sites associated with high anchoring intensity 

(Figure 5.2). These characteristics of the coral condition measured in the photographs were 

representative of coral condition measured in the field (Chapter 3 Figures 3.3 & 3.4). 
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Figure 5.2. The separation of coral reef sites associated with high and low anchoring 

intensity by the objectives measures of mean cover (± SE) of each coral community 

component. Results of MANOVA are presented, degrees of freedom are 1:4:20. Note the 

difference scale on the y-axis. 

 

 

 

 

 

 

 85



 

Analysis of the perceptual meanings of the coral reef photographs provided by participants 

identified three important meanings that people ascribe to coral reefs. The most important 

meaning was evaluation, whether the scenes were perceived positively or negatively. The 

second ascribed meaning was activity, whether the scene depicted movement through 

variation in the number of fish and types of coral. The third ascribed meaning was 

diversity, describing highly diverse scenes compared with monocultures of branching 

corals. Participants with and without a working association with coral reefs ascribed these 

meanings and had a remarkably consistent conceptualisation of coral reefs. Using the 

perceptual meanings, participants grouped the coral reef sites associated with low 

anchoring intensities towards the “good” end of the evaluation component. In contrast, 

photographs from high anchoring sites were evaluated as “poor” (Figure 5.3). Photographs 

from sites with both high and low levels of anchoring intensity had a range of perceived 

activity, however slightly higher activity was identified at sites with lower levels of 

anchoring intensity (Figure 5.3). 

Figure 5.3. The separation of coral reef sites associated with high and low anchoring 

intensity by perceptual meanings provided by the two participant groups, A) group 1 and B) 

group 2 participants.  
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The judgements of health from the two participant groups showed a difference between 

sites associated with low and high anchoring intensities (group 1: F = 611.9, df 1:5:847, P < 

0.001, group 2: F = 7033.8, df 1:5:720, P < 0.001). Coral reef photographs taken from sites 

associated with low anchoring intensity were given a higher health rating than those from 

sites with high levels of anchoring (Figure 5.4). The health ratings of the coral reef sites 

provided by participants in group 1 were slightly more conservative than those provided by 

participants in group 2, but overall the trends were very similar between the participant 

groups (Figure 5.4). Furthermore, there was remarkable similarity between the health 

ratings provided by each participant within the participant groups (Cronbach reliability 

coefficient, group 1: Alpha = 0.98, group 2: Alpha = 0.98), suggesting participants were 

very consistent in their health judgement of each photograph.  

Figure 5.4. The separation of coral reef sites associated with high and low anchoring 

intensity by the mean health ratings (± SE) provided by the two participant groups, A) 

group 1 and B) group 2. 
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Relationship between local knowledge and health judgements 
 

To identify the relationship between participant’s health judgements and perceptual 

meanings, a separate multiple regression analysis was conducted on the information 

provided by each participant group. The mean health rating for each participant group was 

compared against the values from the component matrix for the evaluation, activity and 

diversity dimensions. The three perceptual meanings explained 94.3 and 93.7 % of the 

variation in the health ratings for group 1 and group 2, respectively (group 1 r2 = 0.943, F = 

139.4, df = 3: 22, P < 0.001; group 2 r2 = 0.937, F = 124.2, df = 3:22, P < 0.001). Health 

ratings provided by both participant groups were highly correlated with the evaluation 

dimension (Figure 5.5). For group 1 participants, the evaluation dimension was the single 

best predictor of the judgement of health and the activity and diversity dimensions do not 

explain any additional variance in the model (Group 1 participants: health judgement = 3.5 

+ 2.1 (evaluation dimension)). For group 2 participants, the evaluation dimension was 

highly correlated with the judgement of health also, but activity and diversity dimensions 

improved the model (Group 2 participants: health judgement = 2.9 + 2.3 (Evaluation 

dimension) + 1.2 (activity dimension) + 1.1 diversity dimension)). However, the amount of 

variance explained by the activity and diversity components was minimal (1.8 % and 1.1 % 

respectively). Therefore, for both participant groups the most important perceptual meaning 

of the coral reef environment is an evaluation judgement and this is equivalent to a 

judgement of health (Figure 5.5).  
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Figure 5.5. The relationship of coral health ratings and the evaluation dimension of the 

perceptual meanings provided by A) group 1 and B) group 2 participants respectively. 

 

 
 
        

Environmental cues that are important in describing coral reef health 
 

The near perfect relationship between the evaluation dimension and the judgements of 

health, suggests that people’s first response to the environment is to judge its health. 

Because the relationship between the evaluation dimension and health judgements was so 

strong, the evaluation dimension is a more appropriate estimator of the health of a coral reef 

compared with a parameter provided by researchers. Therefore, the regression tree 

identified the relationship between the evaluation dimension and the five ecological 

measures and two remaining perceptual meanings were used as the predictor variables. The 

regression tree analysis initially divided the coral reef photographs into two broad groups, 

depending on the percent of coral damage present in the photographs (Figure 5.6). Both 

groups of coral reef photographs were further subdivided and the environmental cues that 

predicted the subdivision were different for each participant group. For participants from 

group 1, the low damage photographs were divided by the amount of activity present and 
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the high damage photographs were divided by the percent of branching corals present 

(Figure 5.6A). For participants from group 2, the two groups of photographs were both sub-

divided by the percent of branching corals depicted (Figure 5.6B). In both cases the 

regression tree analysis separated the photographs into four health groups (labelled A-D), 

and 88.3 % and 85.2 % of the variance was explained by the trees constructed using the 

data provided by group 1 and 2 participants, respectively.  
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Figure 5.6. The relationship of evaluation dimension to the five objective measures and 

two subjective descriptions provided by the regression tree analysis for (A) group 1 and (B) 

group 2 participants. The values of the predicted variables for the ecological measures 

provided on the tree are the percent cover and for the perceptual meanings the value from 

the component matrix. The mean evaluation score (E) and the mean health rating (H) of 

each health group that was determined by the regression tree analysis is provided. 

 
 

 

Damage < 10.3 %A)

HighLow 

Branching < 17.5 % 
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High         Low 

E = 0.708    E = 0.246 
H = 5.03     H = 3.98 
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  C                      D 
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E = 0.688              E = 0.408 
H = 4.27      H = 4.93 
 A   B E = -0.611      E = 0.012 

H = 1.89      H = 3.35  
 C     D 

 
 
 
For regression trees, the proportion of the sums of squares explained by each split is 

represented graphically by the relative length of the vertical lines. Therefore, the amount of 

damage was the most important environmental cue used to describe the health of the coral 

reefs depicted in the photographs. For group 1 participants, photographs depicting less than 

10.3 % coral damage and high perceived activity were evaluated highly (group A mean = 

0.7 Figure 5.7A) and when the perceived activity dropped so did the evaluation (group B 

mean = 0.3 Figure 5.7B). The lowest evaluation occurred when damage was greater than 

10.3 % and cover of branching corals was less than 17.1 % (group C mean = - 0.6). When 

damage was high, but cover of branching coral was also high, a medium health rating was 
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given (group D mean = 0.1). In health group C photographs, the corals depicted were 

mostly overturned (Figure 5.7C) and in health group D photographs, the corals depicted in 

the photographs had structural damage such as breakages of branches (Figure 5.7D).  

 

The regression tree developed using the evaluation dimension from group 2 participants 

showed that once again the amount of damage played the most important role in defining 

the four groups formed (Figure 5.6B). Lower level splits were caused by the amount of 

branching coral depicted in the photographs. The highest evaluation was provided for when 

damage was low and cover of branching corals was higher than 15.1 % (group A mean = 

0.688) and where cover of branching corals was less than 15.1 % a lower evaluation was 

given (group B mean = 0.4 (Figure 5.6B)). The lowest evaluation (group C mean = -0. 6) 

was given for photographs with high damage and low cover of branching corals. 

Photographs depicting high damage, but also higher coral cover, received a higher health 

rating (group D mean = 0.01).  

 

In both regression trees, the photographs from the sites associated with high anchor 

intensities were grouped to the high damage side of the tree either in groups C or D, except 

for one photograph from site 6 (Table 5.1). Photographs from the sites associated with low 

anchoring intensities were grouped into the low damage side of the tree either in groups A 

or B, except for one photograph from site 2. The distribution of photographs into the health 

groups was consistent between the two participant groups, except for the positioning of 

photographs from the sites 1 and 2, which are associated with low anchoring intensities and 

were switched between the health groups A and B by the two participant groups (Table 

5.1).  
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Table 5.1. The number of photographs distributed into each “health group” as defined by 

the two participant groups in the regression tree analysis. 

 

Anchoring 

(sites) 

Participant group 1 Health Groups 

     A             B              C             D 

Participant group 2 Health Groups 

     A             B              C             D 

Low (1) 3 1 0 0 1 3 0 0 

Low (2) 3 2 0 1 4 1 0 1 

Low (3) 3 1 0 0 3 1 0 0 

High (1) 0 0 4 0 0 0 4 0 

High (2) 0 0 2 1 0 0 2 1 

High (3) 0 1 1 3 0 1 1 3 

Figure 5.7. A representative photograph for each health group identified by the regression 

tree analysis: A) health group A, depicts low damage and high branching corals or 

perceived activity; B) health group B, depicts low damage and low cover of branching 

corals or perceived activity; C) health group C, depicts high damage and low cover of 

branching corals, note also the overturned corals D) health group D, depicts high damage 

and higher cover of branching corals, note the damage consists of broken branches. 
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5.4 Discussion 
 

The strong relationship between the health judgement and the evaluation dimension 

demonstrates that people’s first and most important assessment of the environment is to 

judge its health. The health judgements provided by people clearly described changes in 

coral condition. The similarity of the health judgements between participant groups 

suggests that the ability to determine the health of an environment is innate and does not 

appear to be determined by prior experiences. Kaplan and Kaplan (1989) have described 

the consistency in people’s preference for terrestrial landscapes. The types of landscapes 

preferred by people are consistent with those that provide people the opportunity to explore 

the environment, but remain safe. From an evolutionary perspective it is important that 

people can identify environments that provide for their survival (Appleton 1988; Kaplan & 

Kaplan 1989).  Obviously, in a terrestrial environment where people have a long 

association with the landscape it is not unreasonable to expect they would be able to 

determine an environment that was healthy and one that was not. But the underwater 

environment is not known in an evolutionary sense and identifying a healthy underwater 

environment does not have immediate survival benefits. This research identified that the 

participants could accurately describe changes in the health of a relatively unknown 

environment and their ability to describe the environment was not influenced by 

contemporary experiences, as both expert and lay groups provided similar descriptions. 

These two findings, suggest that people have an innate ability to determine the health of an 

environment and that the cues people use may cross ecological boundaries. Whether people 

possess a generic set of cues for describing the health of the environment, regardless of 

whether that environment is a deserts or a coral reef requires further investigation.   

 

One of the major assumptions of the ecosystem health concept is that people have an 

inherent sense of personal health and can therefore instinctively envisage a healthy 

environment (Lackey 2003). My research supports this hypothesis because participant’s 

first impression of the environment was to make a health judgement and furthermore, the 

judgement was consistent with measurable changes in environmental condition. Because of 

the strong link between the evaluation dimension and health judgements, describing the 
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health of an environment or ecosystem is a concept that people readily understand and use. 

Similarly, Williams & Cary (2002) identified a relationship between environmental 

preferences and ecological quality of terrestrial landscapes.  

 

The three measures which collected information about environmental condition from 

different epistemologies described the change in coral condition associated with different 

levels of anchoring. Although the terms used to interpret the condition of the environment 

differed, a consistent theme was provided by both expert opinion and local knowledge. 

Coral reefs associated with high levels of anchoring had lost condition, whether described 

as having an increase in damage and decrease in coral cover or reduction in perceived value 

or health. This study has shown that, information provided by lay communities is useful in 

describing the coral reef environment. Similarly, other studies of local knowledge have 

found people have a good understanding of the environment (Robertson et al. 2000; 

Robertson & McGee 2003). In some cases important ecological knowledge, such as 

knowledge of fish spawning aggregations, relationships between trophic levels, changes in 

sea-ice patterns and facilitative activities of co-existing organisms (Berkes & Folke 2000; 

Olsson & Folke 2001; Zanetell & Knuth 2002; Gadgil et al. 2003) is only available from 

local communities. The close association of the information provided by both scientist and 

lay communities legitimises the use of local knowledge to provide descriptions of 

environmental condition for management purposes.  

 

Combinations of information from both scientific and lay communities in environmental 

management has provided a more complete picture of environmental circumstances than 

information collected from one perspective alone (Hill et al. 1999; MacKinson 2001; 

Johnson & Graber 2002; Robertson & McGee 2003; Camilleri 2004). In this coral reef case 

study, the ecological measures describe a change in the condition of the coral reefs 

associated with anchoring and the perceptual meanings describe that the coral reefs had lost 

their visual quality. By combining these measures, management has a stronger case that 

action is required to reverse the changes occurring. The importance of the health 

description identified in this study suggests that expressing the change in the health status 

of the coral reefs may be motivational and increase people’s responses to the change in 
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condition. Similarly, the combined scientific and local knowledge was useful in identifying 

the exact locations that required remedial action in a Swedish lake (Olsson & Folke 2001). 

Furthermore, Failing et al.(2004) described the usefulness of expert knowledge and 

stakeholders values to design appropriate adaptive management regimes. The combination 

of the multiple types of knowledge was effective in clarifying people’s expectations and 

identified test regimes, which were initially thought to be useful, as too risky to warrant the 

expense of testing (Failing et al. 2004). Fisheries management has used local fishers’ 

knowledge combined with scientific data to obtain a more complete understanding of fish 

population dynamics (MacKinson 2001).  

 

One of the difficulties in using the ecosystem health concept is identifying when an 

environment is considered healthy or not (Schaeffer 1996; Scrimgeour & Wicklum 1996; 

Boulton 1999; Norris & Thoms 1999). Identifying environmental cues to assess the health 

of an environment by linking judgements of health with ecological and perceptual measures 

reinforced the dual role of societal values and biophysical elements in the ecosystem health 

concept. This emphasis is rarely considered in the development of environmental cues, 

which are commonly developed from an ecological perspective only (Bunn et al. 1999; 

Fairweather 1999; Karr 1999; Hilty & Merenlender 2000). In the coral reef case study, 

participant’s health judgements were affected primarily by the level of damage and then by 

the cover of branching corals or perceived activity, making these variables important 

environmental cues to assess the effects of anchoring. The regression tree analysis predicts 

that when coral damage rises above 10.3 % of the area under examination, the health of the 

coral reef has declined. A further decline in health of the coral reef will occur if the damage 

is coupled with a loss of coral cover, particularly corals with branching morphology.  

 

Two levels of health rating were given for the high damage photographs. By reviewing the 

types of damage depicted in the photographs, the lowest health rating was associated with 

overturned colonies and a medium health rating was associated with structural type of 

damage, such as breakage and fragmentation. The difference between the two health ratings 

is potentially associated with the participant’s perception of the severity of the two types of 

damage. Overturned colonies suggest a high level of impact and an extensive recovery time 
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(Done 1992a). In comparison, breaks to branching coral colonies are frequent and the time 

to recover from loss of a coral branch is less (Hall 1997; Marshall 2000). The fragments 

that are generated by physical damage have the ability to re-attach to the substratum and 

grow, although the survival rate of fragments is low compared with an intact colony (Smith 

& Hughes 1999). Resilience and recovery are important factors influencing the health of a 

system (Rapport et al. 1998b; Whitford et al. 1999) and the ability of corals to recover from 

damage is a criteria that people are potentially using in their health judgements. 

 

High health judgements were given to coral reef photographs that had low coral damage 

and activity or high cover of branching coral. The activity dimension, which is important to 

participants with a working association with coral reefs, was related to the whole system, 

identifying whether there were numerous fish, multiple types and shapes of corals and 

movement such as, feeding coral polyps. The use of the activity dimension suggests that 

these participants were interested not only in what type and how much coral was present, 

but whether the system appeared to be functioning. Measuring condition of the whole 

landscape is an important feature identified by other studies, for example the multimetric 

index of biological integrity as described by Karr (1999) and Ulanowicz (2000) model for 

describing resilience by estimating intra-system exchanges, such as prey / predators 

relationships.  

 

Participants without a working association with coral reefs also focused on the amount of 

coral damage as the major difference between healthy and non-healthy coral reefs. The 

amount of branching corals was the next most important environmental cue used by these 

participants. The amount of branching corals described changes associated with both high 

and low levels of anchoring intensity. Therefore, the participants with no working 

association were focusing on the major structural component of coral reefs. Why 

participants focused on branching corals as opposed to other coral types is unknown and 

requires further investigation. However, the focus may be related to images portrayed in the 

media or the perception that branching corals look fragile, therefore the environment is 

healthy if they are present and intact.  
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The most critical issue in management of human activity is being able to identify whether 

the effect of these activities is good or bad for the health or integrity of the environment 

(Karr 2000). My research suggests it is possible to identify environmental cues that 

describe changes to the state of the environment. Furthermore, these environmental cues 

can be identified from either an ecological or social perspective. Developing environmental 

cues from a social perspective is advantageous because changes in the environment are 

described in terms that people identify and may motivate a change in people’s behaviour to 

restore environmental health. An improvement in community participation occurred when 

environmental condition was measured in terms that people could understand rather than 

technical terms that carried no local meaning (Gasteyer & Flora 2000; Blann et al. 2003). 

In my research, the participants’ descriptions provided useful information of coral reef 

condition, similar to the local knowledge that was used in other studies to describe water 

quality (Folke 2003), landscapes degradation (Robertson et al. 2000; Robertson & Hull 

2001) and wetland rehabilitation (Robertson & McGee 2003). The health descriptions of 

the coral reefs provided by the participants gave accurate information about the reefs’ 

condition. Therefore asking people that visit a coral reef for a health judgement could 

provide a simpler and cheaper assessment of the reef compared with conducting an 

ecological survey using the indicators identified in Chapter 3.  

 

Apart from the information being accurate, local knowledge is beneficial for management 

agencies because communities access a wider number of sites, on a more continuous basis 

than is possible for scientists or managers alone; thus obtaining a more continual record of 

environmental conditions (Carr 2002). Community ideas and organisations increase the 

complexity of management structures therefore increase flexibility and in some cases speed 

of management responses (Ostrom et al. 1999). Involving the community in environmental 

management maintains values and traditions, reinforces community identity, promotes 

stability and enhances the ability of the community to adapt to new situations (Michaelidou 

et al. 2002). Therefore, asking people that visit a reef to provide a health judgement will 

provide useful and timely information to managers and allow the community to play a role 

in preserving a highly valued resource. 
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Fitzsimmons (2003) argued that the ecosystem health concept was “nebulous and 

uncertain” and did not provide a “cogent foundation for government action”. However, my 

research suggests that for coral reef environments, people’s vision of a healthy environment 

is consistent and reliable. Descriptions of the environment using either experiential or 

scientific methods provide usable information about the condition of the environment. 

People were able to detect changes occurring and these changes altered their perception of 

the coral reefs environment. Because the environment lost value, changing from one that 

was healthy and evaluated highly to one which was unhealthy and evaluated poorly, people 

may be motivated to change their behaviour to reverse the declining trend and promote a 

healthy coral reef ecosystem.   

 
In this chapter, the health judgements provided by people were particularly instructive in 

describing the coral reef environment, suggesting that people have an innate abiltiy to 

describe the health of environments. In the next chapter, the health judgement and the three 

ecological measures identified in Chapter 3 are used to assess a management strategy. The 

assessment is conducted to show the usefulness of the ecosystem health indicators in 

evaluating the effectiveness of a management strategy. 
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CHAPTER 6 

 
 

EVALUATION OF THE REEF PROTECTION PROGRAM USING 
ECOSYSTEM HEALTH INDICATORS  

 

6.1 Introduction 
 

In this chapter, the ecosystem health indicators identified in the previous three chapters are 

used to evaluate the effectiveness of a management strategy designed to protect coral reefs 

from the effects of anchoring.  

 

Recent information on the deterioration of the state of marine resources (Pauly 2000; 

Jackson et al. 2001; Hughes et al. 2003; Pandolfi et al. 2003; Pauly et al. 2003; Bellwood 

et al. 2004) has increased momentum for the establishment of marine protected areas and 

other management strategies. However, for management strategies to improve the condition 

of the marine environment they must be effectively managed (Alder 1996; Allison et al. 

1998; Day et al. 2003). To effectively manage a marine protected area, the condition of the 

environment needs to be measured and assessed against the goals and objectives of the 

management plan, thus determining whether the objectives have been met. Evaluation of 

management strategies are discussed briefly here, but have been reviewed in Chapter 3. 

Evaluation enables a more systematic and transparent assessment of management actions, 

identifies gaps in knowledge or actions that can be rectified and builds understanding of 

uncertainty (Walters & Holling 1990; Dudley et al. 1999b). Most importantly, evaluations 

provide evidence for which management strategy is working well and those that are not 

(Hockings 1998; Hockings et al. 2000; Hockings 2003). Dissemination of the results of 

evaluations is critical in maintaining public support and enthusiasm for the management 

process (Alder et al. 2002). Furthermore, evaluations can increase understanding about the 

relationships between management actions, the environment and people’s behaviour, thus 

building better management processes (Hockings et al. 2000; Parrish et al. 2003).  
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Selecting key environmental variables or indicators to conduct evaluations of management 

strategies has proven difficult and until recently evaluations have focused on the 

implementation and process of management rather than measured improvements in 

environmental condition (Alder 1996; Attwood et al. 1997; Hershman et al. 1999; Alder et 

al. 2002). The choice of indicators is critical to how people construct and solve 

environmental problems (Machlis 1992). Indicators should be chosen that evaluate 

management objectives and also raise awareness and encourage conservation. To raise 

awareness and encourage community ownership and participation in marine environmental 

management, identifying indicators that are familiar and important to people may prove 

more useful than measuring the environment using objective based ecological measures. 

There may be elements of the marine environment or way of describing the environment 

that are important to local communities and would make appropriate indicators. Fishers 

asked about the effectiveness of no-take reserves have identified increases in catches, 

which is important indicator to them and can be related to more formal ecological 

assessments (Russ & Alcala 1996; Katon et al. 1999; Roberts et al. 2001). 

 

The Reef Protection Program (RPP) implemented by the Great Barrier Reef Marine Park 

Authority (GBRMPA) in the Whitsunday region was used as a case study to demonstrate 

the evaluation of a management strategy using indicators that were developed from both 

ecological and social perspectives (Chapters 3, 4 and 5). The objectives of the RPP are to 

protect the fringing reefs of the Whitsunday region from the cumulative impacts of 

anchoring, so that natural coral communities are maintained (Simmons & Marshall 1999). 

The RPP consists of moorings and marked no-anchor areas. The no-anchor areas are 

delineated with triangular buoys that mark the seaward extent of coral reef growth and 

anchoring is not permitted shoreward of these markers. The RPP encourages people to drop 

their anchors in locations where there are few corals, thus limiting damage to the reef. 

Guidance provided by the markers and the availability of moorings, should reduce the 

number of damaging anchor drops on to the coral reef structure, therefore reducing anchor 

damage without necessarily reducing the number of visitors to the sites.  
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The implementation of the RPP had high levels of community involvement, for example 

local dive groups installed and maintain the markers. Tourist operators and other locals 

provide information to visitors about the RPP, both prior to commencing their trip and once 

on water. While there was good community support, the activities people normally 

conducted at the locations were affected by the implementation of the strategy. Therefore, 

to foster good community relationships and ensure continued support, the effectiveness of 

the RPP needs to be reported in terms that are familiar to the whole community.  

 

The most appropriate way to evaluate the effectiveness of a management strategy is to 

assess the condition of the site (including control sites) prior to implementation of the 

strategy. However, good baseline information is rarely available and very few evaluations 

have used a Before - After design (Willis et al. 2003). Without the before - after data the 

selection of indicators becomes difficult. In this study, therefore, indicators to evaluate the 

RPP were developed by comparing the value for a range of coral condition indicator at two 

reference treatments, coral reef sites with high and low intensities of boating use (Chapters 

3, 4 and 5). Three important ecological indicators; the number of overturned corals, the 

cover of soft corals and the cover of corals in the family Acroporidae were identified by 

field-testing a range of variables and then evaluation each variable against a set of selection 

criteria (Chapter 3). Unlike many evaluations of management strategies, this research also 

developed indicators using people’s perceptions, enabling people to be involved in 

assessing the sites and ensuring that data could be presented in familiar terms. The 

perceptual study identified that asking people to judge the health of the coral reef sites 

provided an accurate estimate of the coral reef condition. Furthermore, the health 

judgement was comparable between people with different backgrounds and experiences 

(Chapter 5).  

 

The aim of the research was to examine the usefulness of coral reef health indicators 

developed from ecological and perceptual studies by evaluating the effectiveness of the 

RPP, a management strategy implemented to protect coral reefs from anchor damage 

associated with high levels of boating activity.  
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6.2 Methods 
 

To evaluate the Reef Protection Program (RPP), I added a further three coral reef sites to 

the survey design and compared the values of each of the indicators of the three new sites 

to the six coral reef surveyed during the development of the indicators (Chapters 3 & 4), 

providing a total of nine coral reef sites surveyed (Figure 6.1). The nine coral reef sites 

were divided into three groups depending on the level of boating activity and protection 

they were afforded. The three groups including three sites that were subject to; 1) low 

levels of boating activity and no RPP (mean boats per day = 1.3), 2) high levels of boating 

activity and no RPP (mean boats per day = 3.7) and 3) high levels of boating activity and 

protection provided by RPP (mean boats per day = 6.6). In the results these three treatments 

are labelled as low, high and protected respectively. The sites where the RPP was installed 

were associated with high levels of anchoring prior to implementation of the management 

strategy. The level of boating activity was estimated using direct observations, discussion 

with community groups and data collected by GBRMPA. In each of these treatments, two 

depths (crest and lower slope) on three coral reef sites were assessed. To reduce 

confounding effects, all sites were within the Great Barrier Reef Marine National Park A 

Zone, in which recreational line fishing is allowed, but commercial line fishing, trawling, 

netting or spear fishing are not allowed (zoning regulations have changed since conducting 

the field research). Furthermore, sites selected were similar with respect to ambient 

environmental conditions, such as distance from shore, protection from prevailing wind and 

wave action. 
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Figure 6.1. Location of survey sites in the Whitsunday Islands. Survey sites are indicated 

by an asterisks (*) and low levels of boating activity occurred at sites 1-3, high levels of 

boating activity occurred at sites 4-6 and high levels of boating activity with protection 

occurred at sites 7-9. Note the similarity of the nine sites with respect to distance from 

shore and protection from south-east prevailing winds. Coral reefs are the darkly stippled 

areas and mangrove areas are lightly stippled 
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The four indicators measured at each site were; the number of overturned corals, cover of 

soft corals, cover of coral in the family Acroporidae and a judgement of health. The number 

of overturned corals were counted in ten 10*1m belt transects and the percent coral cover 

was estimated using ten, 10m line intercept transects (Full methods in Chapter 3). The 

evaluation of health occurred at two stages; 1) photographs of coral reef sites associated 

with high and low intensities of anchoring but not protected by the RPP (i.e. treatments 1 

and 2) were provided to 76 participants to judge the health (Chapter 5) and 2) the coral reef 

sites protected by the RPP (i.e. treatment 3) were judged in the field. The health of the reef 

was judged on a score of 1 - 6, where 1 is unhealthy and 6 is healthy. Photographic 

judgements were conducted on 26 photographs and field judgement were provided at three 

positions along the transect line; 0, 5 and10m. The field judgements were made by 2 

people, myself and my non-expert assistant. Judgements made by any more personnel in 

the field were not possible because of Work Place Health and Safety Rules. Judging the 

health of the coral reefs using these two techniques was expected to be comparable because 

of previous research conducted by Shuttleworth (1980), which identified that perceptual 

judgements of an environment presented photographically are comparable with those made 

in the field. Furthermore, my research identified that 1) the assessed condition identified in 

the field was similar to that described by the photographs and 2) a range of people provided 

similar health judgements, so judgements provided by the researcher and other participants 

are comparable (Chapter 5). The RPP was implemented in 1996 and my research has 

evaluated the outcomes of the strategy eight years after implementation.  

  

A multivariate analysis of variance (MANOVA) was used to compare the three treatments. 

Coral reef sites were nested within each treatment and interaction terms were not calculated 

because the sampling design was not fully orthogonal. If the management strategy is 

effective, indicators measured at protected coral reef sites should change over time to 

resemble values for corals reefs with historically low intensities of anchoring. Following 

MANOVAs, mean values of each indicator were compared using Tukey’s HSD tests, to 

identify the relationship between the three treatments. Depths were tested separately and 

normality of the data was achieved by conducting a log (x + 1) transformation on the 

numeric data and arc-sin square root transformation on the percent cover data (Underwood 
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1997). A canonical discriminant analysis was conducted to combine the four indicators and 

graphically demonstrate how the condition of the coral reefs protected by the RPP differs to 

coral reefs associated with both high and low intensities of boating activity. 

6.3 Results 
 

The condition of the coral reef sites protected by the Reef Protection Program was different 

to the condition of coral reef sites associated with high levels of boating activity. The three 

protected coral reef sites had fewer overturned corals compared with the three coral reef 

sites associated with high levels of boating activity and the trend was seen on both the crest 

and lower slope (Figure 6.2A). The Tukey’s test separate all three treatments, therefore the 

number of overturned colonies was reduced, but not to the level recorded at the coral reef 

sites associated with low levels of boating activity (Tukey’s test: low boating < protection < 

high boating P < 0.001 for number of overturned colonies on both the crest and lower 

slope).  

 

The cover of corals in the family Acroporidae and soft corals varied between the three 

treatments (Figure 6.2B & 6.2C). The cover of these coral groups was generally highest on 

the coral reefs associated with low level of anchoring and was lower on both the protected 

coral reef sites and sites associated with high anchoring intensities. On the crest, the 

protected coral reef sites and coral reef sites associated with high levels of boating activity 

displayed similar cover of both coral groups (Tukey’s test: low boating > protection = high 

boating, P < 0.001 for cover Acroporidae corals and soft corals) suggesting the cover of 

corals had not yet proceeded towards the condition described at the sites with historically 

low levels of boating activity (Figure 6.2C). On the lower slope, there was an overlap in 

cover of Acroporidae between all nine sites within the three treatments (Figure 6.2B 

Tukey’s test: low boating = protection = high boating, P < 0.001 for cover of Acroporidae 

corals), suggesting high levels of variation within treatments. The cover of soft coral on the 

lower slope of protected sites was similar to the sites with high levels of boating activity 

and no-protection, suggesting that there was no recovery of soft corals on the lower slope 

(Figure 6.2C Tukey’s test: low boating > protection = high boating, P < 0.001 for cover of 

soft corals).  
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The three protected sites were perceived to be healthier than the coral reefs sites associated 

with high levels of boating activity, but less healthy than the three sites associated with low 

levels of boating activity and this pattern occurred at both depths (Figure 6.2D Tukey’s test: 

low boating > protection > high boating, P < 0.001 for judgements of health on the crest 

and lower slope).  

Figure 6.2. Mean measure (±1 SE) of coral reef condition on the crest and lower slope of 

coral reefs associated with the three treatments. Results of the MANOVA are presented, 

degrees of freedom are 2:6:81 and alpha levels were set at P = 0.05. Note the scale and 

units on the y axis vary. Note the protected coral reef sites have been graphed between the 

two other treatments to allow ease of comparison. 
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Combining the four indicators in a Canonical Discriminant Function analysis showed that 

the protected sites were intermediate between the sites with low and high anchoring activity 

(Figure 6.3). The first function was the most important in characterising the coral reef sites 

and explained 95.5 and 92.6 % of the variation occurring on the crest and lower slope, 

respectively. The separation of the treatments along the horizontal axis was influenced by 

the number of overturned coral colonies on the crest and a combination of overturned coral 

colonies and health judgements on the lower slope. The position of the protected coral reef 

sites away from the soft coral and Acroporidae cover variables is consistent with the lack of 

response of these variables identified in the MANOVA.  
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Figure 6.3. Results of Canonical Discriminant Function analysis using the four indicators 

of coral reef health to separate the coral reef sites associated with low levels of boating 

activity (low), high levels of boating activity (high) and high levels of boating activity plus 

protection (protected). The length and direction of the bi-plot lines reflects the relative 

influence of each variable on the positioning of the sites. The group centroid for the three 

coral reefs within the three treatments is at the centre of the circles and the diameter of the 

circle represents one standard error. A) crest, B) lower slope. 
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6.4 Discussion 
 

The Reef Protection Program was effective in reducing coral damage associated with 

anchoring without reducing the number of boats that accessed the area, thus protecting the 

coral reefs and maintaining benefits of boating. The numbers of overturned corals were 

reduced and the coral reefs were perceived to be healthier, where the Reef Protection 

Program was implemented, in comparison to the coral reef sites that were associated with 

high levels of anchoring activity and had no protection. However, the cover of the two coral 

groups did not change with reef protection. Possible explanations for lack of difference in 

coral cover are; that the damage still being observed is sufficient to retarded growth, 

thereby keeping cover low; that recruits of these two groups have not settled or survived in 

the protected sites and therefore have not added to the cover; or that corals in other groups 

have grown into the space made available by the damage. Rogers & Garrison (2001) 

identified that corals could recruit onto areas damaged by anchoring, but the newly settled 

coral had low survival rates because of the unstable substratum that was left by the anchor 

damage and coral cover had not returned to ambient levels ten years after the anchor 

damage occurred. The response of coral cover to other management strategies has also 

varied. Some evaluations have recorded an increase in coral cover on protected coral reefs 

and others have found coral cover has remained the same between protected and non-

protected sites (Epstein et al. 1999; Hawkins et al. 1999; McClanahan et al. 1999; 

Williamson et al. 2004). The variability of coral cover indicators suggest that they are not 

as sensitive as other indicators, such as damage indicators in describing changes to coral 

reef condition, as was also identified in Chapter 3. 

 

The most persuasive way to evaluate a management program is to measure the conditions 

of the environment, at both proposed protected sites and relevant reference sites, prior to 

the implementation of the strategy and then measure again after implementation and 

compare the results. However, as is the case with many management strategies, 

measurement of the condition of coral reefs prior to implementation of the RPP was also 

limited (a pilot study was conducted at two sites only). The survey design of this study 

compensated for the limited before data by having multiple reference sites, which included 
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coral reefs associated with different levels of the anchoring intensity. The reduction in 

numbers of overturned colonies at coral reef sites protected by the management strategy 

confirms the preliminary results by Malcolm (1998), which suggested that coral damage 

was reduced with the installation of no anchor areas. Evaluation of the results suggests that 

most people are respecting the no anchor areas, however, the presence of some damage 

within the protected areas, suggest that either damage present prior to installation of the 

RPP still persists or that a few anchors are being placed inappropriately. 

 

Many indicators have been developed to measure the health of an environments (Rapport et 

al. 2003), most of these however were developed from a natural science perspectives. The 

assessment of the RPP identified that the judgements of health provided a useful indicator 

to describe the differences between protected and non-protected coral reefs. Asking people 

to judge the health of the environment therefore provides useful information and presents a 

way for people to be involved in monitoring, potentially furthering collaboration with 

management authorities. The health judgement was the most important assessment people 

made of the coral reef (Chapter 5), suggesting that health is an important value people hold 

for the environment. Therefore, if the environment is assessed as being of poor health 

people may be motivate to conduct their activity in accordance with management strategy 

to ensure the environment regains its health. Involving people with the environment and its 

management is one of the aims of the ecosystem health concept and when people are 

involved, both the community and the environment benefits (Martin & Lockie 1993; 

Berkes et al. 2000; Berkes & Folke 2000; Papageorgiou 2001).  

 

The evaluation of the RPP identified that both scientific and lay judgements provided 

information about the condition of the environment. Similarly, Moller et al. (2004) found 

scientific and local knowledge complementary and importantly using both types of 

knowledge improved understanding between stakeholders, strengthened partnerships and 

helped the community reach a consensus. Furthermore, involving local wildlife users in 

monitoring allowed them to evaluate scientific predictions on their own terms. Science is 

expensive, which potentially reduces the spatial and temporal extent of assessments. In 

comparison locals, particularly tourist operators, access marine protected areas on a regular 
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basis and can provide daily or regular information about the condition of the environment 

that could be useful for management decisions. Furthermore, people that have a long 

associated with the area may have specific local knowledge about irregular phenomena, 

anomalies and rare events, which is difficult to obtain using conventional survey methods 

(Robertson & Hull 2001).  

 

The Whitsunday region of the Great Barrier Reef is a successful coral reef management 

area. The research presented here shows that the Reef Protection Program is effective in 

reducing damage and maintaining the health of coral reefs within no anchor areas. The 

factors leading to these successes include, clear regulations and signage, adequate 

patrolling and high levels of community involvement and education within the region, 

similar to the factors important in successful terrestrial tropical parks (Bruner et al. 2001). 

The RPP was initiated by community groups and local people were involved in installing 

the no anchoring markers and conduct regular maintenance (Simmons & Marshall 1999). 

The ownership of the program by the locals means they provide information to other users, 

both on water and prior to leaving port therefore people have awareness, understanding and 

willingness to support the management strategies. The evaluation of the RPP demonstrated 

the usefulness of indicators developed from an ecological and social perspective, so that the 

effectiveness of the management strategy is described in terms that managers, scientists and 

local people can readily interpret.  
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CHAPTER 7 

 
 

GENERAL CONCLUSIONS 
 
7.1 General Conclusions
 

There is wide recognition that managing the environment requires a holistic approach 

(Grumbine 1994; Endter-Wada et al. 1998) however; this creates problems in integrating 

research from different disciplines. Each disciplinary area has its own concepts, theories 

and methods, and crossing boundaries between disciplines questions the underlying 

concepts of the individual discipline. The ecosystem health concept is particularly 

vulnerable to its legitimacy being questioned, because the concept clearly links a scientific 

idea with a value judgement (Rapport 2003). Health is a normative value and therefore can 

not be objectively measured. To use the ecosystem health concept in environmental 

management, the target condition of the environment is derived from a negotiation between 

stakeholders using value judgements (Callicott et al. 1999). Therefore, the target condition 

could be manipulated by different stakeholder groups to meet their own requirements rather 

than that of a healthy environment. The clear advantage of the ecosystem health concept is 

the value judgement, because people value health in themselves and others, and therefore it 

is expected that a healthy environment would also be valued. My research explored the 

ecosystem health concept by crossing disciplinary boundaries and identifying the 

relationships between ecological measures, perceptual meanings and health judgements of 

the coral reef environment.  

 

The framework developed to identify the ecological measures provided a means of 

screening a wide range of variables and selecting those that would provide an effective and 

efficient evaluation of a management strategy designed to protect coral reefs from the 

effects of anchoring. The framework developed was transparent enabling all stakeholders to 

see why each indicator was chosen. The indicators selected need to be believable and 

important to all members of the community, thus developing a transparent mechanism to 

select the indicators will reduce a potential area of conflict between stakeholders. The 
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framework was transferable to other management situations and would help solve the lack 

of data collected prior to implementation of the management strategy, which is a common 

design problem affecting evaluations of the effectiveness of many management strategies 

(Willis et al. 2003). The development of the ecological measures used “the ease of 

measurement” as one of the selection criteria, with the view that identifying indicators that 

were easy to measure would enable local communities to participate in monitoring, thus 

increasing community participation in environmental management.  

 

While, indicators selected to evaluate management strategies are generally developed using 

ecological studies (Belnap 1998; Lorenz 1999; Dale & Beyeler 2001; Carr 2002) similar to 

the research conducted in Chapter 3, few have used perceptual information. The perceptual 

study (Chapter 4 & 5) identified that asking people to judge the of health of the coral reef 

provided a good description of the condition of the reef, particular in describing changes 

associated with anchoring. Therefore, people who are visiting coral reefs could provide 

information on the condition of the reef that would be useful for environmental 

management. A description of the health of the coral reef provided a simple and cost 

effective indicator that could be used to monitor changes to coral reef condition. Projects 

such as, Reef Check (Hodgson & Liebeler 2002) and Bleachwatch (GBRPMA 2004a)are 

encouraging the public to be involved in collecting information about the condition of coral 

reefs around the world. The information is expanding the knowledge base and provides an 

early warning of changes in coral condition, which may help identify the local causes of 

changes in coral condition and allow management programs to be implemented quickly.   

 

The most important advantage of using a health judgement for monitoring changes in the 

environment is that people are likely to value a healthy environment and may be motivated 

to change their activities to ensure the environment remains in a healthy condition. 

However, the relationship between people’s knowledge and their behaviour has not been 

convincingly established. For example, Medio et al (1997) found briefings reduced the 

number of times divers contacted coral reefs and Williams and Cary (2002) found that 

preference for landscape of relatively high ecological quality is associated with protective 

resource behaviours. In contrast, Alessa et al. (2003) found people with higher levels of 
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environmental education caused more damage on rocky shores because they wanted to 

share their knowledge with other people. An extension to this research would be to provide 

photographs of anchor damaged reefs to people visiting the reefs and identify whether 

increasing people’s knowledge of negative environmental outcomes will change their 

behaviour.  

 

The ecosystem health concept uses familiar terms to motivate people to change their 

behaviour to promote conservation. Because the health of the coral reef scenes was the 

most important meaning people attributed, it suggests that implementing management 

strategies for coral reefs within ecosystem health concept will work well. Other successful 

projects have been established using motivational power to change people’s behaviour. The 

Humane Society of the United States for example identified that people appreciate and 

enjoying seeing wildlife within their daily lives and has successfully capitalised on these 

feelings and beliefs of people to change their behaviour in ways that enhanced wildlife in 

urban areas (Grandy & Rutberg 2003). On the Great Barrier Reef for example, new 

partnerships have been established between local governments, schools and the 

management authority. The projects, termed reef guardians, have identified the relationship 

between actions on the land and the health of the reef and motivated schools and local 

community groups to initiate projects, such as the production of calico bags to reduce 

plastic waste, cleaning up waterways and monitoring water quality to ensure clean water is 

moving from the catchment to the reef (GBRPMA 2004b).     

 

My research identified how environmental degradation affected the meanings people 

ascribed to the coral reef environment. People described the coral reefs as being interesting, 

good for diving etc, at sites associated with low level of anchoring intensity and these 

useful or more positive values for the coral reef were lost as anchoring intensity increased. 

This highlighted that people have an attachment not only to the coral reef environment, but 

a certain condition within that environment. The loss of value has also been expressed 

about environmental degradation occurring on farming land for example. Several studies 

have suggested that the sense of loss people feel when their land is degraded may have a 

direct effect on their health and well-being (Robertson et al. 2000). Recently, management 
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strategies implemented to solve land degradation have included community action as part 

of the strategy. This approach is seen as a way to address the environmental problems, and 

allow the community to be empowered and take responsibility for their past actions; thus 

initiating a process of rebuilding environments and communities (Martin 1991; Robertson 

et al. 2000). Hatcher and Hatcher (2004) identified that the many tangible benefits that 

people obtain from a healthy coral reef ecosystem are eroded with reef degradation. 

Because people have an ability to determine changes in coral reef condition, a loss in 

condition may potentially impact on the non-tangible benefits of coral reefs and also affect 

the psychological well-being of associated communities. 

 

One of the major assumptions of the ecosystem health concept is that people have an innate  

sense of personal health and can therefore instinctively envisage a healthy environment 

(Lackey 2003). The relationship between people’s health judgement and the evaluation 

dimension reported here supports this underlying assumption of the ecosystem health 

concept. Furthermore, the similarity between the health judgements provided by 

participants with different experience with the coral reef environment suggests that the 

ability to determine the health of the environment is innate. From an evolutionary 

perspective it is important to be able to identify environments where the chances of 

personal survival are high, i.e. environments that are healthy. Humans have a long 

association with the terrestrial environment and people’s preference for that environment is 

related to human evolution (Kaplan & Kaplan 1989). The ability of people to describe the 

underwater environment suggests that people have a capacity to process information and 

identify changes in the health of an environment even for relatively unknown 

environments. These findings suggest that there are potentially a set of cues that transfer 

across environments, which people are using to make their judgements. Environmental cues 

that appear important to health judgements are the presence of structural elements, such as 

branching corals for coral reefs or trees for terrestrial examples and the presence of activity 

and movement such as fish and movement associated with currents and feeding corals or 

birds, tidal changes for terrestrial situations (Kaplan & Kaplan 1989). Identifying the 

existence of a set of environmental cues that are compatible across ecological boundaries 

warrants further research.  
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When discussing whether people’s ability to describe the environment is innate or not, the 

influence of other present day experiences, such as presentation of the environment in the 

media, must be considered. The participants in the current research were mostly highly 

educated and potentially have high exposure to the coral reef environment through cultural 

outlets, such as tourist advertising, television documentaries, environmental education at 

schools and universities. Therefore, to extend the work and identify the relationship 

between innate ability and cultural influence including participants who are isolated 

geographically and culturally from coral reef environments would be useful.  

 

There are several ways which individuals and groups could differ in their cognitively 

ability to describe different concepts, including; 1) the number of factors required to 

account for their judgements, 2) the relative weights given to the same set of factors or 3) 

the nature of the factor used (Osgood et al. 1957). Most interestingly, the participant’s 

judgements of coral reefs were very consistent for all three of these variables. In 

comparison, some variation in cognitive ability has been identified in terrestrial situations. 

For example, Walmsley & Jenkins (1993) identified that older people, and those assumed 

to have greater experience, provided more constructs to describe the environment compared 

with younger participants. Coral reef ecological research in comparison to terrestrial 

ecology is relatively young, providing only a short time for coral reef specific terms and 

concepts to develop. Therefore, the difference between scientific and local concepts may 

not have had time to emerge. The ability of people with a wide range of experience to 

detect differences in the environment also identifies that attention needs to be paid to the 

types of photographs that are presented to people in perceptual research. Perceptual studies 

should provide participants with small changes in environmental condition, so subtle 

difference in people’s interpretation of the environment can be explored.  

 

The research provided a highly successful way of exploring how different people describe 

the environment and would be useful for broadening the basis of information gathered for 

environmental management. Integrating descriptions provided by different people identifies 

elements of the environment that are valued, which would allow sharing and understanding 

 118



of stakeholders’ perspectives and therefore enhance communication. For successful co-

management of the environment, stakeholders need to feel their contributions are respected 

and exploring people’s perceptions of the environment is a way to enable discussions to be 

conducted using common meanings.  

 

The research explored the healthy – unhealthy dichotomy and similar techniques could be 

used to explore the relationship between other important concepts applied to the 

environment such as, natural – unnatural, pristine – degraded, sustainable – unsustainable, 

integral and totally transformed. These terms and concepts are commonly used within the 

environmental management literature and policy development, but remain poorly defined 

and not integrated. Westra (2003), for example, discussed the relationship between 

ecological integrity and ecosystem health. The exploration of these terms would allow an 

understanding of the connection between the concepts and which is the most readily 

understandable and appropriate concept for managing the environment.  

 

The evaluation of the effectiveness of the Reef Protection Program showed that the 

ecological health indicators developed in the research were useful in describing the 

movement of the environment along the ecosystem health continuum and identified the 

point at which the coral reef was considered healthy or not. For the coral reef environment 

the important environmental cues were the percent cover of coral damage and cover of 

branching corals. When the percent cover of damage was higher than 10 % and the cover of 

branching corals was below 17 % the coral reef site was described as unhealthy. The coral 

reef sites used in this research were from an inshore location and an interesting extension to 

the research would be to identify if similar levels of damage and cover correspond to an 

unhealthy judgement in other coral reef environments, such as coral reefs from different 

latitude or cross-shelf position, which vary with respect to the structural components 

(Harriott & Banks 2002).  

 

Three ideas within the ecosystem health concept were confirmed. First, people’s first and 

most important judgement about the environment is a description of its health. Second, 

people’s ability to describe a healthy environment appears to be innate (as it crossed a 
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range of experience conditions). Third, with appropriate management an environment can 

be subject to ongoing or increased use and its health maintained. Therefore the ecosystem 

health concept is an appropriate concept for describing and discussing environmental 

management policies. The model describe by Karr (2000) (Figure 1.1) however could be 

improved conceptually (Figure 7.1). The y - axis may be more appropriately described as 

varying from pristine to one that is totally transformed, because it is possible to have an 

environment that is natural and without life, for example within a volcano. Furthermore, I 

believe that if the ecosystem is managed with respect to its health, environmental condition 

should not be allowed to fall below the healthy / unhealthy threshold. Conceptually 

appropriate activity is shown in the top triangle and these activities are conducted without 

causing an unhealthy outcome. However, with increased population growth and 

development these activities are likely to increase and to allow that to occur innovative 

management strategies are implemented to maintain environmental condition (curved 

arrow). Identification of innovative strategies requires input from multiple stakeholders. 

The bottom triangle identifies inappropriate activities that should not be conducted and if 

the environment has declined to this extent remedial action is required.  
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Figure 7.1. The ecosystem health concept, redrawn to show that the environment should be 

managed to allow an increase in use, but not change the biological condition (curved line). 

The y- axis is a description of biological condition from pristine to completely transformed 

and x- axis describes human disturbance. The biological continuum is depicted with an 

arrowed line and the point (in vicinity of T) at which the environment changes from healthy 

to unhealthy was identified for the coral reef environment to be an interaction between 

amount of coral damage and coral cover.  
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The ecosystem health concept provided a well understood normative judgement, which is 

related to ecological measures. People with a range of environmental experience have a 

similar notion of what constitutes a healthy environment, even in the relatively unknown 

environment like that of a coral reef habitat. Therefore, the ecosystem health concept has 

the potential to make an important contribution to environmental management. 

 

 121



 
REFERENCES 
 
 
Abel, N., and P. Blaikie. 1986. Elephants, people, parks and development: the case of the 

Luangwa Valley, Zambia. Environmental Management 10:735-751. 

Aeby, G. S. 1998. A digenean metacercarian from the reef coral, Porites compressa, 

experimentally identified as Podocotyloides stenometra. Journal of Parasitology 

84:1259-1261. 

Alder, J. 1996. Have tropical marine protected areas worked? An initial analysis of their 

success. Coastal Management 24:97-114. 

Alder, J., D. Zeller, T. Pitcher, and R. Sumaila. 2002. A method for evaluating marine 

protected area management. Coastal Management 30:121-131. 

Alessa, L., S. M. Bennett, and A. D. Kliskey. 2003. Effects of knowledge, personal 

attribution and perception of ecosystem health on depreciative behaviors in the 

intertidal zone of Pacific Rim National Park and Reserve. Journal of Environmental 

Management 68:207-218. 

Allison, G. W., J. Lubchenco, and M. H. Carr. 1998. Marine reserves are necessary but not 

sufficient for marine conservation. Ecological Applications 8:579-592. 

Allison, W. R. 1996. Snorkeler damage to reef corals in the Maldive Islands. Coral Reefs 

15:215-218. 

Altieri, M. A., and C. I. Nicholls. 2003. Ecologically based pest management: a key 

pathway to achieving agroecosystem health. Pages 999-1010 in D. J. Rapport, W. L. 

Lasley, D. E. Rolston, N. O. Nielsen, C. O. Qualset, and A. B. Damania, editors. 

Managing for healthy ecosystems. Lewis Publishers, Boca Raton. 

Appleton, J. 1988. Prospect and refuges revisited. Pages 27-44 in J. L. Nasar, editor. 

Environmental aesthetics. Theory, research and applications. Cambridge University 

Press, Cambridge. 

Aronson, R. B., and W. F. Precht. 2001. Applied paleoecology and the crisis on Caribbean 

coral reefs. Palaios 16:195-196. 

 122



Atran, S., D. Medin, N. Ross, E. Lynch, J. Coley, E. Ucan Ek', and V. Vapnarsky. 1996. 

Folkecology and commons management in the Maya Lowlands. Proceedings of the 

Natural Academy of Sciences 96:7598-7603. 

Attwood, C. G., B. Q. Mann, J. Beaumont, and J. M. Harris. 1997. Review of the state of 

marine protected areas in South Africa. South African Journal of Marine Science 

18:341-367. 

Bak, R. P. M., and E. H. Meesters. 1998. Coral population structure: the hidden information 

of colony size-frequency distributions. Marine Ecology Progress Series 162:301-

306. 

Bell, P. A., T. C. Greene, J. D. Fisher, and A. Baum 1996. Environmental Psychology. 

Harcourt Brace College Publishers, Fort Worth. 

Bell, S. J., A. F. M. Barton, and L. J. Stocker. 2001. Agriculture for health and profit in 

Western Australia:The Western Oil Mallee Project. Ecosystem Health 7:116-121. 

Bellamy, J. A., G. T. McDonald, G. J. Syme, and J. E. Butterworth. 1999. Evaluating 

integrated resource management. Society and Natural Resources 12:337-353. 

Bellwood, D. R., T. P. Hughes, C. Folke, and M. Nystrom. 2004. Confronting the coral reef 

crisis. Nature 429:827-833. 

Belnap, J. 1998. Choosing indicators of natural resource condition: a case study in Arches 

National Park, Utah, USA. Environmental Management 22:635-642. 

Berkes, F. 1999. Sacred ecology: traditional ecological knowledge and resource 

management. Taylor & Francis, Philadelphia. 

Berkes, F., J. Colding, and C. Folke. 2000. Rediscovery of traditional ecological knowledge 

as adaptive management. Ecological Applications 10:1251-1262. 

Berkes, F., and C. Folke, editors. 2000. Linking social and ecological systems.  

Management practices and social mechanisms for building resilience. Cambridge 

University Press, UK. 

Blann, K., S. Light, and J. A. Musumeci. 2003. Facing the adaptive challenge: practitioners' 

insight from negotiating resources crises in Minnesota. Pages 210-240 in F. Berkes, 

J. Colding, and C. Folke, editors. Navigating social-ecological systems. Building 

resilience for complexity and change. Cambridge University Press, Cambridge. 

 123



Boesch, D. F., and J. F. Paul. 2001. An overview of coastal environmental health 

indicators. Human and Ecological Risk Assessment 7:1-9. 

Boulton, A. J. 1999. An overview of river health assessment: philosophies, practice, 

problems and prognosis. Freshwater Biology 41:469-479. 

Bright, A. D., and M. J. Manfredo. 1997. The influence of balanced information on 

attitudes toward natural resource issues. Society and Natural Resources 10:469-483. 

Brown, B. E., and L. S. Howard. 1985. Assessing the effects of "stress" on reef corals. 

Advances in Marine Biology 22:1-55. 

Bruner, A. G., R. E. Gullison, R. E. Rice, and G. A. B. da Fonseca. 2001. Effectiveness of 

parks in protecting tropical biodiversity. Science 291:125-128. 

Brunson, M. W., and D. K. Reiter. 1996. Effects of ecological information on judgements 

about scenic impacts of timber harvest. Journal of Environmental Management 

46:31-41. 

Bryant, R. L., and G. A. Wilson. 1998. Rethinking environmental management. Progress in 

Human Geography 22:321-343. 

Bunn, S. E., P. M. Davies, and T. D. Mosisch. 1999. Ecosystem measures of river health 

and their response to riparian and catchment degradation. Freshwater Biology 

41:333-345. 

Burroughs, R. 1999. When stakeholders choose: process, knowledge, and motivation in 

water quality decisions. Society and Natural Resources 12:797-809. 

Callicott, A. B. 1995. The value of ecosystem health. Environmental Values 4:345-361. 

Callicott, J. B., L. B. Crowder, and K. Mumford. 1999. Current normative concepts in 

conservation. Conservation Biology 13:22-35. 

Camilleri, M. 2004. From the inside looking out: knowledge, justice and modernity in the 

assessment of St. Julian's environmental capacity. Local Environment 9:45-63. 

Campbell, D. E. 2000. Using energy systems theory to define, measure and interpret 

ecological integrity and ecosystem health. Ecosystem Health 6:181-204. 

Capitini, C. A., B. N. Tissot, M. S. Carroll, W. J. Walsh, and S. Peck. 2004. Competing 

perspectives in resource protection: the case of marine protected areas in West 

Hawai'i. Society and Natural Resources 17:763-778. 

 124



Carey, P. D., C. L. Barnett, P. D. Greenslade, S. Hulmes, R. A. Garbutt, E. A. Warman, D. 

Myhill, R. J. Scott, S. M. Smart, S. J. Manchester, J. Robinson, K. J. Walker, D. C. 

Howard, and L. G. Firbank. 2002. A comparison of the ecological quality of land 

between an English agri-environment scheme and the countryside as a whole. 

Biological Conservation 108:183-197. 

Carr, A. 2002. Grass roots and green tape. Principles and practices of environmental 

stewardship. The Federation Press, Sydney. 

Chalmers, C. 2003. Western-Australian community-initiated fish habitat protection areas. 

Pages 30-31 in D. J. Smith, editor. World Congress of Aquatic Protected Areas. 

What works well and how do we know?, Cairns. 

Christensen, N. L. 1996. The report of the Ecological Society of America Committee on the 

scientific basis for ecosystem management. Ecological Applications 6:665-691. 

Christie, P., A. T. White, and D. Buhat. 1994. Community-based coral reef management on 

San Salvador Island, the Philippines. Society and Natural Resources 7:103-117. 

Chuenpagdee, R., J. Fraga, and J. I. Euan-Avila. 2002. Community perspectives toward a 

marine reserve: a case study of San Felipe, Yucatan, Mexico. Coastal Management 

30:183-191. 

Chuenpagdee, R., J. Fraga, and J. I. Euan-Avila. 2004. Progressing towards comanagement 

through participatory research. Society and Natural Resources 17:147-161. 

Costanza, R., D. W. Norton, and B. D. Haskell 1992. Ecosystem health. New goals for 

environmental management. Island Press, Washington, D.C. 

Crabtree, B., and N. Bayfield. 1998. Developing sustainability indicators for mountain 

ecosystems: a study of the Cairngorms, Scotland. Journal of Environmental 

Management 52:1-14. 

Curtis, A., and M. Lockwood. 2000. Landcare and catchment management in Australia: 

lessons for state-sponsored community participation. Society and Natural Resources 

13:61-73. 

Dahl, A. L. 2000. Using indicators to measure sustainability: recent methodological and 

conceptual developments. Marine and Freshwater Research 51:427-433. 

Dale, V. H., and S. Beyeler. 2001. Challenges in the development and use of ecological 

indicators. Ecological Indicators 1:3-10. 

 125



Davidson-Hunt, I., and F. Berkes. 2003. Nature and society through the lens of resilience: 

towards a human-in-ecosystem approach. Pages 53-82 in C. Folke, editor. 

Navigating social-ecological systems. Building resilience for complexity and 

change. Cambridge University Press, Cambridge. 

Davis, D., V. Harriott, C. MacNamara, L. Roberts, and S. Austin. 1995. Conflicts in marine 

protected areas: SCUBA divers, economics, ecology and management in Julian 

Rocks Aquatic Reserve. Australian Parks and Recreation Autumn:29-35. 

Davis, G. E. 1977. Anchor damage to a coral reef on the coast of Florida. Biological 

Conservation 11:29-34. 

Day, J., M. Hockings, and G. Jones. 2003. Measuring the effectiveness in marine protected 

areas - principals and practice. Pages 401-414. World Congress on Aquatic 

Protected Areas, Carins. 

De Vantier, L. M., G. De'ath, D. J. Done, and E. Turak. 1998. Ecological assessment of a 

complex natural system: a case study from the Great Barrier Reef. Ecological 

Applications 8:480-496. 

De'ath, G. 2002. Multivariate regression trees: a new technique for modelling species - 

environment relationships. Ecology 83:1105-1117. 

De'ath, G., and K. E. Fabricius. 2000. Classification and regression trees: a powerful yet 

simple technique for the analysis of complex ecological data. Ecology 81:3178-

3192. 

Dinsdale, E. A. 2002. Abundance of black-band disease on corals from one location on the 

Great Barrier Reef: a comparison with abundance in the Caribbean region. Pages 

1239-1243. Proceedings of the Ninth International Coral Reef Symposium, Bali. 

Dinsdale, E. A., and V. J. Harriott. 2004. Assessing anchor damage on coral reefs: a case 

study in the selection of environmental indicators. Environmental Management 

33:126-139. 

Dixon, J. A., L. F. Scura, and T. Van't Hof. 1993. Meeting ecological and economic goals: 

marine parks in the Caribbean. Ambio 22:117-125. 

Done, T. J. 1992a. Effects of tropical cyclone waves on ecological and geomorphological 

structure on the Great Barrier Reef. Continental Shelf Research 12:859-872. 

 126



Done, T. J. 1992b. Phase shifts in coral reef communities and their ecological significance. 

Hydrobiologia 247:121-132. 

Done, T. J. 1995. Ecological criteria for evaluating coral reefs and their implication for 

managers and researches. Coral Reefs 14:183-192. 

Dudley, N., B. Gujja, B. Jackson, J. P. Jeanrenaud, G. Oviedo, A. Phillips, P. Rosabel, S. 

Stolton, and S. Wells. 1999a. Challenges for protected areas in the 21st century. 

Pages 3-17 in S. Stolton, and N. Dudley, editors. Partnerships for protection: new 

strategies for planning and management for protected areas. Earthscan, London. 

Dudley, N., M. Hockings, and S. Stolton. 1999b. Measuring the effectiveness of protected 

area management. Pages 249-261 in S. Stolton, and N. Dudley, editors. Partnerships 

for protection: new strategies for planning and management for protected areas. 

Earthscan, London. 

Dustan, P., and J. C. Halas. 1987. Changes in the reef-coral community of Carysfort Reef, 

Key Largo, Florida: 1974 to 1982. Coral Reefs 6:91-106. 

Edinger, E. N., G. V. Limmon, J. Jompa, W. Widjatmoko, J. M. Heikoop, and M. J. Risk. 

2000. Normal coral growth rates on dying reefs: are coral growth rates good 

indicators of reef health. Marine Pollution Bulletin 40:404-425. 

Ehrenfeld, D. 1992. Ecosystem health and ecosystem theories. Pages 135-143 in R. 

Costanza, B. G. Norton, and B. D. Haskell, editors. Ecosystem health: new goals for 

environmental management. Island Press, Washington D.C. 

Ehrlich, P. R. 2002. Human natures, nature conservation and environmental ethics. 

Bioscience 52:31-43. 

Eisenberg, A. 1992. Metaphor in the language of science. Scientific American 266:144. 

Endter-Wada, J., D. Blahna, R. Krannich, and M. Brunson. 1998. A framework for 

understanding social science contributions to ecosystem management. Ecological 

Applications 8:891-904. 

English, S., C. Wilkinson, and V. Baker 1997. Survey manual for tropical marine resources. 

Australian Institute of Marine Science, Townsville. 

Epstein, N., R. P. M. Bak, and B. Rinkevich. 1999. Implementation of a small-scale "no use 

zone" policy in a reef ecosystem: Eilat's reef-lagoon six years later. Coral Reefs 

18:327-332. 

 127



Failing, L., G. Horn, and P. Higging. 2004. Using expert judgement and stakeholder values 

to evaluate adaptive management options. Ecology and Society 9:13 [online] URL: 

http://www.ecologyandsociety.org/vol19/iss11/art13. 

Fairweather, P. G. 1999. Determining the 'health' of estuaries: priorities for ecological 

research. Australian Journal of Ecology 24:441-451. 

Faulkner, H., A. Green, K. Pellaumail, and T. Weaver. 2001. Residents; perceptions of 

water quality improvements following remediation work in the Pymme's Brook 

catchment, north London, UK. Journal of Environmental Management 62:239-254. 

Fenton, D. M. 1981. Visual sampling of environments: a methodological note. Perceptual 

and Motor Skills 53:978. 

Fenton, D. M. 1984. Natural environmental perception and preference: an investigation of 

structure and meaning. Page 301. Dept. Behavioural Sciences. James Cook 

University, Townsville. 

Fenton, D. M. 1988. Dimensions of meaning in the perception of natural settings and their 

relationship to aesthetic response. Pages 327-342 in J. L. Nasar, editor. 

Environmental aesthetics. Theory, research and applications. Cambridge University 

Press, Cambridge. 

Fenton, D. M., and J. P. Reser. 1988. The assessment of landscape quality: an integrative 

approach. Pages 108-119 in J. L. Nasar, editor. Environmental aesthetics. Theory, 

research and applications. Cambridge University Press, Cambridge. 

Fenton, D. M., and G. J. Syme. 1989. Perception and evaluation of the coastal zone: 

implications for coastal zone planning. Coastal Management 17:295-308. 

Fenton, D. M., M. Young, and V. Y. Johnson. 1998. Re-presenting the Great Barrier Reef 

to tourists: implications for tourist experience and evaluation of coral reef 

environments. Leisure Science 20:177-192. 

Fitzsimmons, A. 2003. Ecosystem health: a flawed basis for federal regulation and land-use 

management. Pages 187-197 in A. B. Damania, editor. Managing for healthy 

ecosystems. Lewis Publishers, Boca Raton. 

Folke, C. 2003. Freshwater for resilience: a shift in thinking. Philosophical Transactions of 

the Royal Society of London series B 358:2027-2036. 

 128

http://www.ecologyandsociety.org/vol19/iss11/art13


Fransella, F., and D. Bannister 1977. A manual for repertory grid technique. Academic 

Press, London. 

Gadgil, M., P. Olsson, F. Berkes, and C. Folke. 2003. The role of local ecological 

knowledge in ecosystem management. Pages 189-209 in C. Folke, editor. 

Navigating social-ecological systems. Building resilience for complexity and 

change. Cambridge University Press, Cambridge. 

Gasteyer, S. P., and C. B. Flora. 2000. Measuring ppm with tennis shoes: science and 

locally meaningful indicators of environmental quality. Society and Natural 

Resources 13:589-597. 

GBRMPA. 1999. Whitsunday Plan of Management. Great Barrier Reef Marine Park 

Authority, Townsville. 

GBRPMA. 2004a. Observe to conserve the reef this summer. Page 1. SeaRead Marine Park 

News from Catchment to Coral. 

GBRPMA. 2004b. Reef Guardian School's Awards announced. Page 1. SeaRead Marine 

Park News from Catchment to Coral. 

Gibson, J. J. 1979. The ecological approach to visual perception. Houghton-Mifflin 

Company, Boston. 

Gobster, P. H. 2001. Human dimensions of early successional landscapes in the eastern 

United States. Wildlife Society Bulletin 29:474-482. 

Grandy, J. W., and A. T. Rutberg. 2003. Humane values as a basis for ecosystem health. 

Pages 145-149 in D. J. Rapport, W. L. Lasley, D. E. Rolston, N. O. Nielsen, C. O. 

Qualset, and A. B. Damania, editors. Managing for healthy ecosystems. Lewis 

Publishers, Boca Raton. 

Green, E. P., and A. W. Bruckner. 2000. The significance of coral disease epizootiology for 

coral reef conservation. Biological Conservation 96:347-361. 

Griffith, J. A. 1998. Connecting ecological monitoring and ecological indicators: a review 

of the literature. Journal of Environmental Systems 26:325-363. 

Grumbine, R. E. 1994. What is ecosystem management. Conservation Biology 8:27-38. 

Gunderson, L., C. S. Hollings, and S. Light, editors. 1995. Barriers and bridges to the 

renewal of ecosystems and institutions. Columbia University Press, New York. 

 129



Hagerhall, C. M. 2000. Clustering predictors of landscape preference in the traditional 

Swedish cultural landscape: prospect-refuge, mystery, age and management. Journal 

of Environmental Psychology 20:83-90. 

Hall, V. R. 1997. Effects of injury on growth, reproduction and survivorship for common 

reef-crest corals. Pages 571-574. Proceedings of the 8th International Coral Reef 

Symposium, Panama. 

Hall, V. R. 1998. Injury and regeneration of common reef-crest corals at Lizard Island, 

Great Barrier Reef. Page 118. Marine Biology. James Cook University, Townsville. 

Hamilton, R. R. 2003. A Rancher's eye view of grazing native grasslands in California. 

Pages 1037-1040 in D. J. Rapport, W. L. Lasley, D. E. Rolston, N. O. Nielsen, C. 

O. Qualset, and A. B. Damania, editors. Managing for healthy ecosystems. Lewis 

Publishers, Boca Raton. 

Harriott, V. J., and S. A. Banks. 2002. Latitudinal variation in coral communities in Eastern 

Australia: a qualitative biophysical model of factors regulation coral reefs. Coral 

Reefs 21:83-94. 

Harwell, M. A., V. Myers, T. Young, A. Bartuska, N. Gassman, J. H. Gentile, C. C. 

Harwell, S. Appelbaum, J. Barko, B. Causey, C. Johnston, A. M. Lean, R. Smola, P. 

Templet, and S. Tosini. 1999. A framework for an ecosystem integrity report card. 

Bioscience 49:543-550. 

Hatcher, B. G., and G. H. Hatcher. 2004. Question of mutual security: exploring 

interactions between the health of coral reefs ecosystems and coastal  communities. 

Ecohealth 1:229-235. 

Hawkins, J. P., and C. M. Roberts. 1992. Effects of recreational SCUBA diving on fore-

reef slope communities of coral reefs. Biological Conservation 62:171-178. 

Hawkins, J. P., and C. M. Roberts. 1993. Effects of recreational SCUBA diving on reefs: 

trampling on reef-flat communities. Journal of Applied Ecology 30:25-30. 

Hawkins, J. P., C. M. Roberts, T. Van' T' Hof, K. De Meyer, J. Tratalos, and C. Aldam. 

1999. Effects of recreational SCUBA diving on Caribbean coral and fish 

communities. Conservation Biology 13:888-897. 

Heberlein, T. 1988. Improving interdisciplinary research: integrating the social and natural 

sciences. Society and Natural Resources 1:5-16. 

 130



Hershman, M. J., J. W. Good, T. Bernd-Cohen, R. F. Goodwin, V. Lee, and P. Pogue. 

1999. The effectiveness of coastal zone management in the United States. Coastal 

Management 27:113-138. 

Highsmith, R. C. 1982. Reproduction by fragmentation in corals. Marine Ecology Progress 

Series 7:207-226. 

Hilden, M. 2000. The role of integrating concepts in watershed rehabilitation. Ecosystem 

Health 6:39-50. 

Hill, R., A. Baird, and D. Buchanan. 1999. Aborigines and fire in the wet tropics of 

Queensland, Australia: ecosystem management across cultures. Society and Natural 

Resources 12:205-223. 

Hillery, M., B. Nancarrow, G. Griffin, and G. Syme. 2001. Tourism perception of 

environmental impact. Annals of Tourism Research 28:853-867. 

Hilty, J., and A. Merenlender. 2000. Faunal indicator taxa selection for monitoring 

ecosystem health. Biological Conservation 92:185-197. 

Hockings, M. 1998. Evaluating management of protected areas: integrating planning and 

evaluation. Environmental Management 22:337-345. 

Hockings, M. 2003. Systems for assessing the effectiveness of management in protected 

areas. Bioscience 53:823-832. 

Hockings, M., and A. Phillips. 1999. How well are we doing? - Some thoughts on the 

effectiveness of protected areas. Parks 9:5-14. 

Hockings, M., S. Stolton, and N. Dudley. 2000. Evaluating effectiveness: a framework for 

assessing management of protected area . Page 58. IUCN. 

Hodgson, G., and J. Liebeler. 2002. The global coral reef crisis: trends and solutions. Reef 

check 5 year report. Page 77. Reef Check Foundation, Los Angeles. 

Hoge, H. 1990. Ecological perception and aesthetics: pictures are affordance-free. Pages 

105-122 in K. Landwehr, editor. Ecological perception research, visual 

communication and aesthetics. Springer-Verlag, Berlin. 

Hollings, C. S., F. Berkes, and C. Folke. 2000. Science, sustainability and resource 

management. Pages 342-362 in F. Berkes, and C. Folke, editors. Linking social and 

ecological systems.  Management practices and social mechanisms for building 

resilience. Cambridge University Press, Cambridge. 

 131



Hollings, C. S., and G. K. Meffe. 1996. Command and control and the pathology of natural 

resource management. Conservation Biology 10:328-337. 

Hughes, T. P. 1994. Catastrophes, phase shift, and large-scale degradation of a Caribbean 

reef. Science 265:1547-1551. 

Hughes, T. P., A. H. Baird, D. R. Bellwood, M. Card, S. R. Connolly, C. Folke, R. 

Grosberg, O. Hoegh-Guldberg, J. B. C. Jackson, J. Kleypas, J. M. Lough, P. A. 

Marshall, M. Nystrom, S. R. Palumbi, J. M. Pandolfi, B. Rosen, and E. 

Roughgarden. 2003. Climate change, human impacts, and the resilience of coral 

reefs. Science 301:929-933. 

Hughes, T. P., A. H. Baird, E. A. Dinsdale, N. A. Moltschaniwskyj, M. S. Pratchett, J. E. 

Tanner, and B. L. Willis. 2000. Supply-side ecology works both ways: the link 

between benthic adults, fecundity, and larval recruits. Ecology 81:2241-2249. 

Hull, R. B., D. Richert, E. Seekamp, D. Robertson, and G. J. Buhyoff. 2003. Understanding 

of environmental quality: ambiguities and values held by environmental 

professionals. Environmental Management 31:1-13. 

Huntington, H. P. 2000. Using traditional ecological knowledge in science: methods and 

application. Ecological Applications 10:1270-1274. 

Huntington, H. P., P. K. Brown-Schwalenberg, K. J. Frost, M. E. Fernandez-Gimenez, and 

D. W. Norton. 2002. Observations on the workshop as a means of improving 

communication between holders of traditional and scientific knowledge. 

Environmental Management 30:778-792. 

Jackson, J. B. C., M. X. Kirby, W. H. Berger, K. A. Bjorndal, L. W. Botsford, B. J. 

Bourque, R. H. Bradbury, R. Cooke, J. Erlandson, J. A. Estes, T. P. Hughes, S. 

Kidwell, C. B. Lange, H. S. Lenihan, J. M. Pandolfi, C. H. Peterson, R. S. Steneck, 

M. J. Tegner, and R. R. Warner. 2001. Historical overfishing and the recent collapse 

of coastal ecosystems. Science 293:629-638. 

Jameson, S. C., M. S. A. Ammar, E. Saadalla, H. M. Mostafa, and B. Riegl. 1999. A coral 

damage index and its application to diving sites in the Egyptian Red Sea. Coral 

Reefs 18:333-339. 

Jasanoff, S., R. Colwell, M. S. Dresselhaus, R. D. Goldman, M. R. C. Greenwood, A. S. 

Huang, W. Lester, S. A. Levin, M. C. Linn, J. Lubchenco, M. J. Novacek, A. C. 

 132



Roosevelt, J. E. Taylor, and N. Wexler. 1997. Conservations with the community: 

AAAS at the millennium. Science 278:2066-2067. 

Johnson, S. E., and B. E. Graber. 2002. Enlisting the social sciences in decisions about dam 

removal. Bioscience 52:731-738. 

Kaplan, R., and S. Kaplan 1989. The experience of nature. A psychological perspective. 

Cambridge University Press, New York. 

Kaplan, S. 1988. Perception and landscape: concepts and misconcepts. Pages 45-55 in J. L. 

Nasar, editor. Environmental aesthetics. Theory, research and applications. 

Cambridge University Press, Cambridge. 

Kaplan, S. 2000. Human nature and environmentally responsible behaviour. Journal of 

Social Issues 56:291-508. 

Kaplan, S., and R. Kaplan 1982. Cognition and environment: functioning in an uncertain 

world. Praeger Publishers, New York. 

Karr, J. R. 1999. Defining and measuring river health. Freshwater Biology 41:221-234. 

Karr, J. R. 2000. Health, integrity and biological assessment: the importance of measuring 

whole things. Pages 209-226 in D. Pimentel, L. Westra, and R. F. Noss, editors. 

Ecological integrity. Integrating environment, conservation, and health. Island 

Press, Washington, D.C. 

Katon, B. M., R. S. Pomeroy, L. R. Garces, and A. M. Salamanca. 1999. Fisheries 

management of San Salvador Island, Philippines: a shared responsibility. Society 

and Natural Resources 12:777-795. 

Kelly, G. A. 1955. The psychology of personal constructs. Norton, New York. 

Keough, M. J., and G. P. Quinn. 1998. Effects of periodic disturbances from trampling on 

rocky intertidal algal beds. Ecological Applications 8:141-161. 

Kusel, J., and E. Alder, editors. 2003. Forest communities, community forests. Rowman 

and Littlefield, Lanham. 

Lachapelle, P. R., S. F. McCool, and M. E. Patterson. 2003. Barriers to effective natural 

resource planning in a "messy" world. Society and Natural Resources 16:473-490. 

Lackey, R. T. 2003. Appropriate use of ecosystem health and normative science in 

ecological policy. Pages 175-186 in A. B. Damania, editor. Managing for healthy 

ecosystems. Lewis Publishers, Boca Raton. 

 133



Lancaster, J. 2000. The ridiculous notion of assessing ecological health and identifying 

useful concepts underneath. Human and Ecological Risk Assessment 6:213-222. 

Lele, S., and R. B. Norgaard. 1996. Sustainability and the scientist's burden. Conservation 

Biology 10:354-365. 

Leopold, A. 1949. A Sand County Almanac and sketches here and there. Oxford University 

Press, London. 

Lester, D. 1995. Theories of personality: a systems approach. Taylor and Francis, 

Washington. 

Liddle, M. J., and A. M. Kay. 1987. Resistance, survival and recovery of trampled corals 

on the Great Barrier Reef. Biological Conservation 42:1-18. 

Lorenz, C. M. 1999. Indicators for sustainable river management. Page 257. Netherlands 

Research School for the Socio-Economic and Natural Sciences of the Environment. 

de Vrije Universiteit te Amsterdam. 

Lyons, M., C. Smuts, and A. Stephens. 2001. Participation, empowerment and 

sustainability: (how) do the links work? Urban Studies 38:1233-1251. 

Machlis, G. E. 1992. The contribution of sociology to biodiversity research and 

management. Biological Conservation 62:161-170. 

MacKinson, S. 2001. Integrating local and scientific knowledge: an example in fisheries 

science. Environmental Management 27:533-545. 

Macnaghten, P., and J. Urry 1998. Contested Natures. Theory, culture and society. Sage 

Publications, London. 

Malcolm, H. 1998. Immediate benefits of establishing a "no anchoring area": a case study 

at two popular anchorages in the Whitsundays. Page 28. Queensland Department of 

Environment and Heritage. 

Margoluis, R., and N. Salafsky 1998. Measures of success. Designing, managing and 

monitoring conservation and development projects. Island Press, Washington. 

Marshall, P. A. 2000. Skeletal damage in reef corals: relating resistance to coral 

morphology. Marine Ecology Progress Series 200:177-189. 

Martin, P. 1991. Environmental care in agricultural catchments: towards the 

communicative catchment. Environmental Management 15:773-783. 

 134



Martin, P., and S. Lockie. 1993. Environmental information for total catchment 

management: incorporating local knowledge. Australian Geographer 24:75-84. 

Mascia, M. B., J. P. Brosius, T. A. Dobson, B. C. Forbes, L. Horowitz, M. A. McKean, and 

N. J. Turner. 2003. Conservation and the social sciences. Conservation Biology 

17:649-650. 

Maxwell, N. 1984. From knowledge to wisdom. A revolution in the aims and methods of 

science. Basil Blackwell, New York. 

McClanahan, T. R. 1999. Is there a future for coral reef parks in poor tropical countries? 

Coral Reefs 18:321-325. 

McClanahan, T. R., N. A. Muthiga, A. T. Kamukuru, H. Machano, and R. W. Kiambo. 

1999. The effects of marine parks and fishing on coral reefs of northern Tanzania. 

Biological Conservation 89:161-182. 

McMichael, A. J., B. Bolin, R. Constanza, G. C. Daily, C. Folke, K. Lindahl-Kiessing, E. 

Lindgren, and B. Niklasson. 1999. Globalization and the sustainability of human 

health. Bioscience 49:205-210. 

McMichael, A. J., C. D. Butler, and C. Folke. 2003. New visions for addressing 

sustainability. Science 302:1919-1920. 

McNeely, J. A., editor. 1995a. Expanding partnerships in conservation. Island Press, 

Washington. 

McNeely, J. A. 1995b. Partnerships for conservation: an introduction. Pages 1-10 in J. A. 

McNeely, editor. Expanding partnerships in conservation. Island Press, Washington. 

Medio, D., R. F. G. Ormond, and M. Pearson. 1997. Effect of briefings on rates of damage 

to corals by scuba divers. Biological Conservation 79:91-95. 

Meffe, G. K., and S. Viederman. 1995. Combining science and policy in conservation 

biology. Wildlife Society Bulletin 23:327-332. 

Michaelidou, M., D. J. Decker, and J. P. Lassoie. 2002. The interdependence of ecosystem 

and community viability: a theoretical framework to guide research and application. 

Society and Natural Resources 15:599-616. 

Moller, H., F. Berkes, P. O'Brian Lyver, and M. Kislalioglu. 2004. Combining science and 

traditional ecological knowledge: monitoring populations for co-management. 

 135



Ecology and Society 9:2. [online] 

URL:http://www.ecologyandsociety.org/vol9/iss3/art2. 

Mugica, M., and J. Vicente de Lucio. 1996. The role of on-site experience and landscape 

preferences. A case study at Donana National Park (Spain). Journal of 

Environmental Management 47:229-239. 

Muthiga, N. A., and T. R. McClanahan. 1997. The effect of visitor use on the hard coral 

communities of the Kisite Marine Park, Kenya. Pages 1879-1882. 8th International 

Coral Reef Symposium, Panama. 

Nasar, J. L., editor. 1988. Environmental aesthetics. Theory, research and applications. 

Cambridge University Press, Cambridge. 

Nassauer, J. I. 1995. Culture and changing landscape structure. Landscape Ecology 10:229-

237. 

Norris, R. H., and M. C. Thoms. 1999. What is river health? Freshwater Biology 41:197-

209. 

Olsson, P., and C. Folke. 2001. Local ecological knowledge and institutional dynamics for 

ecosystem management: a study of Lake Racken watershed, Sweden. Ecosystems 

4:85-104. 

Olsson, P., C. Folke, and F. Berkes. 2004. Adaptive comanagement for building resilience 

in social-ecological systems. Environmental Management 34:75-90. 

O'Regan, B., R. Moles, R. Kelly, J. Ravetz, and D. McEvoy. 2002. Developing indicators 

for the estimation of sustainable settlement size in Ireland. Environmental 

Management and Health 13:450-466. 

Orr, D. W. 2002. Four challenges of sustainability. Conservation Biology 16:1457-1460. 

Osgood, C. E., G. J. Suci, and P. H. Tannenbaum 1957. The measurement of meaning. 

University of Illinois Press, Urbana, Illinois. 

Ostrom, E., J. Burger, C. B. Field, R. B. Norgaard, and D. Policansky. 1999. Revisiting the 

commons: local lessons, global challenges. Science 284:278-282. 

Pandolfi, J. M., R. H. Bradbury, E. Sala, T. P. Hughes, K. A. Bjorndal, R. G. Cooke, D. 

McArdle, L. McClenachan, M. J. H. Newman, G. Paredes, R. R. Warner, and J. B. 

C. Jackson. 2003. Global trajectories of the long-term decline of coral reef 

ecosystem. Science 301:955-959. 

 136

http://www.ecologyandsociety.org/vol9/iss3/art2


Papageorgiou, K. 2001. A combined park management framework based on regulatory and 

behavioral strategies: use of visitors' knowledge to assess effectiveness. 

Environmental Management 28:61-68. 

Parrish, J. D., D. P. Braun, and R. S. Unnasch. 2003. Are we conserving what we say we 

are? Measuring ecological integrity within protected areas. Bioscience 53:851-859. 

Patterson, M. E., and D. R. Williams. 1998. Paradigms and problems: the practice of social 

science in natural resource management. Society and Natural Resources 11:279-

295. 

Pauly, D. 2000. Global change, fisheries, and the integrity of marine ecosystems: the future 

has already begun. Pages 227-239 in D. Pimentel, L. Westra, and R. F. Noss, 

editors. Ecological integrity. Integrating environment, conservation, and health. 

Island Press, Washington, D.C. 

Pauly, D., J. Alder, E. Bennett, V. Christensen, P. Tyedmers, and R. Watson. 2003. The 

future for fisheries. Science 203:1359-1361. 

Peach, W. J., L. J. Lovett, S. R. Wotton, and C. Jeffs. 2001. Countryside stewardship cirl 

buntings (Emberiza cirlus) in Devon, UK. Biological Conservation 101:361-373. 

Pike, S. 2003. The use of repertory grid analysis to elicit salient short-break holiday 

destination attributes in New Zealand. Journal of Travel Research 41:315-319. 

Policansky, D. 1998. Science and decision making for water resources. Ecological 

Applications 8:610-618. 

Pollnac, R. B., J. W. Manus, A. E. del Rossario, A. A. Banzon, S. G. Vergara, and M. L. G. 

Gorospe. 2000. Unexpected relationships between coral reef health and socio-

economic pressures in the Philippines: reefbase/RAMP applied. Marine Freshwater 

Research 51:529-533. 

Pretty, J. 2003a. Social capital and the collective management of resources. Science 

302:1912-1919. 

Pretty, J. 2003b. Social capital and the collective management of resources. Science 

302:1912-1914. 

Purcell, A. T. 1992. Abstract and specific physical attributes and experience of landscape. 

Journal of Environmental Management 34:159-177. 

 137



Quinn, G. P., and M. J. Keough 2002. Experimental design and data analysis for biologists. 

Cambridge University Press, Cambridge. 

Rapport, D., R. Costanza, P. R. Epstein, C. Guadet, and R. Levins 1998a. Ecosystem 

Health. Blackwell Science, USA. 

Rapport, D. J. 1995. Ecosystem health: More than a metaphor? Environmental Values 

4:287-309. 

Rapport, D. J. 2003. Regaining healthy ecosystems: the supreme challenge of our age. 

Pages 5-10 in D. J. Rapport, W. L. Lasley, D. E. Rolston, N. O. Nielsen, C. O. 

Qualset, and A. B. Damania, editors. Managing for healthy ecosystems. Lewis 

Publishers, Boca Raton. 

Rapport, D. J., R. Costanza, and A. J. McMichael. 1998b. Assessing ecosystem health. 

Trends in Evolution and Ecology 13:397-402. 

Rapport, D. J., C. Gaudet, J. R. Karr, J. S. Baron, C. Bohlen, W. Jackson, B. Jones, R. J. 

Naiman, B. Norton, and M. M. Pollock. 1998c. Evaluating landscape health: 

integrating societal goals and biophysical process. Journal of Environmental 

Management 53:1-15. 

Rapport, D. J., W. L. Lasley, D. E. Rolston, N. O. Nielsen, C. O. Qualset, and A. B. 

Damania, editors. 2003. Managing for healthy ecosystems. Boca Raton, Lewis. 

Reiner, R. J. 2003. Protecting the biodiversity of grasslands grazed by livestock in 

California. Pages 1065-1070 in D. J. Rapport, W. L. Lasley, D. E. Rolston, N. O. 

Nielsen, C. O. Qualset, and A. B. Damania, editors. Managing for healthy 

ecosystems. Lewis Publishers, Boca Raton. 

Roberts, C. M., J. A. Bohnasck, F. Gell, J. P. Hawkins, and R. Goodridge. 2001. Effects of 

marine reserves on adjacent fisheries. Science 294:1920-1923. 

Robertson, D. P., and R. B. Hull. 2001. Beyond biology: towards a more public ecology for 

conservation. Conservation Biology 15:970-979. 

Robertson, H. A., and T. K. McGee. 2003. Applying local knowledge: the contribution of 

oral history to wetland rehabilitation at Kanyapella Basin, Australia. Journal of 

Environmental Management 69:275-287. 

 138



Robertson, M., P. Nichols, P. Horwitz, K. Bradby, and D. MacKintosh. 2000. 

Environmental narratives and the need for multiple perspectives to restore degraded 

landscapes in Australia. Ecosystem Health 6:119-133. 

Rogers, C. S., and J. Beets. 2001. Degradation of marine ecosystems and decline of fishery 

resources in marine protected areas in the US Virgin Islands. Environmental 

Conservation 28:312-322. 

Rogers, C. S., and V. H. Garrison. 2001. Ten years after the crime: lasting effects of 

damage from cruise ship anchor on a coral reef in St. John, U.S. Virgin Islands. 

Bulletin of Marine Science 69:793-803. 

Ross, N., J. Eyles, D. Cole, and A. Iannantuono. 1997. The ecosystem health metaphor in 

science and policy. Canadian Geographer 41:114-127. 

Rouphael, A. B., and G. J. Inglis. 1997. Impacts of recreational SCUBA diving at sites with 

different reef topographies. Biological Conservation 82:329-336. 

Russ, G. R., and A. C. Alcala. 1996. Do marine reserves export adult fish biomass? 

Evidence from Apo Island, central Philippines. Marine Ecology Progress Series 

132:1-9. 

Russ, G. R., and A. C. Alcala. 1999. Management histories of Sumilon and Apo marine 

reserves, Philippines, and their influence on national marine resource policy. Coral 

Reefs 18:307-319. 

Salas, M. A. 1994. 'The technicians only believe in science and cannot read the sky': the 

cultural dimension of the knowledge conflict in the Andes. Pages 57-69 in I. 

Scoones, and J. Thompson, editors. Beyond farmer first: rural people's knowledge, 

agricultural research and extension practice. Intermediate Technology, London. 

Scarce, R. 1999. Who-Or what-Is in control here? Understanding the social context of 

Salmon biology. Society and Natural Resources 12:763-776. 

Schaeffer, D. J. 1996. Diagnosing ecosystem health. Ecotoxicology and Environmental 

Safety 34:18-34. 

Schleyer, M. H., and B. J. Tomalin. 2000. Damage on South African coral reefs and an 

assessment of their sustainable diving capacity using a fisheries approach. Bulletin 

of Marine Science 67:1025-1042. 

 139



Schultz, P. W. 2000. Empathizing with nature: the effects of perspective taking on concern 

for environmental issues. Journal of Social Issues 56:391-406. 

Scrimgeour, G. J., and D. Wicklum. 1996. Aquatic ecosystem health and integrity: 

problems and potential solutions. Journal of North American Benthological Society 

15:254-261. 

Shafer, C. S., and G. J. Inglis. 2000. Influence of social, biophysical and managerial 

conditions on tourism experiences within the Great Barrier Reef World Heritage 

Area. Environmental Management 26:73-87. 

Shafer, C. S., G. J. Inglis, V. Y. Johnson, and N. A. Marshall. 1993. Visitor experiences 

and perceived conditions on day trips to the Great Barrier Reef. Page 76. Reef 

Research Centre, Technical Report, Townsville. 

Shelby, B., and R. Harris. 1985. Comparing methods for determining visitor evaluations of 

ecological impacts: Site visits, photographs and written descriptions. Journal of 

Leisure Research 17:57-67. 

Short, F. T., and S. Wyllie-Echeverria. 1996. Natural and human-induced disturbances of 

seagrasses. Environmental Conservation 23:17-27. 

Shuttleworth, S. 1980. The use of photographs as an environment presentation medium in 

landscape studies. Journal of Environmental Management 11:61-76. 

Simmons, M., and N. Marshall. 1999. The reef protection program. Page 58. Great Barrier 

Reef Marine Park Authority., Townsville. 

Slocombe, D. S. 1998. Defining goals and criteria for ecosystem-based management. 

Environmental Management 22:483-493. 

Smith, L. D., and T. P. Hughes. 1999. An experimental assessment of survival, re-

attachment and fecundity of coral fragments. Journal of Experimental Marine 

Biology and Ecology 235:147-164. 

Song, S. J., and R. M. M'Gonigle. 2001. Science, power, and system dynamics: the political 

economy of conservation biology. Conservation Biology 15:980-989. 

Stern, P. C. 2000. Toward a coherent theory of environmentally significant behavior. 

Journal of Social Issues 56:407-424. 

Stern, P. C., and T. Dietz. 1994. The value basis of environmental concern. Journal of 

Social Issues 54:65-84. 

 140



Suter, G. W. 1993. A critique of ecosystem health concept and indexes. Environmental 

Toxicology and Chemistry 12:1533-1539. 

Sweatman, H., A. Cheal, G. Coleman, B. Fitzpatrick, I. Miller, R. Ninio, K. Osborne, C. 

Page, D. Ryan, A. Thompson, and P. Tomkins. 2000. Long-term monitoring of the 

Great Barrier Reef. Page 117. Australian Institute of Marine Science, Townsville. 

Sweatman, H. D. 1999. What does coral cover indicate? Australian Coral Reef Society, 

South Molle Island. 

Tabachnick, B. G., and L. S. Fidell 2001. Using Multivariate Statistics. Fourth Edition. 

Allyn and Bacon, Boston. 

Tahvanainen, L., M. Ihalainen, R. Hietala-Koivu, O. Kolehmainen, L. Tyrvainen, I. 

Nousiainen, and J. Helenius. 2002. Measures of the EU Agri-Environmental 

Protection Scheme (GAEPS) and their impact on the visual acceptability of Finnish 

agricultural landscape. Journal of Environmental Management 66:213-227. 

Tahvanainen, L., L. Tyrvainen, M. Ihalainen, N. Vuorela, and O. Kolehmainen. 2001. 

Forest management and public perceptions - visual versus verbal information. 

Landscape and Urban Planning 53:53-70. 

Theodori, G., and A. Luloff. 2002. Position on environmental issues and engagement in 

proenvironmental behaviors. Society and Natural Resources. 15:471-482. 

Tress, D. M. 2002. Reuniting science and value in the natural environment. Pages 213-221 

in T. M. Roberson, and L. Westra, editors. Thinking about the environment. Our 

debt to the classical and medieval past. Lexington Books, Lanham. 

Ulanowicz, R. E. 2000. Towards the measurement of ecological integrity. Pages 99-113 in 

D. Pimentel, L. Westra, and R. F. Noss, editors. Ecological integrity. Integrating 

environment, conservation, and health. Island Press, Washington, D.C. 

Underwood, A. J. 1997. Experiments in ecology. Their logical design and interpretation 

using Analysis of Variance. Cambridge University Press, United Kingdom. 

Ura, K. 2003. Gambling for sustainability - local institutions for pasture management in 

Bhutan. Pages 697-701 in A. B. Damania, editor. Managing for healthy ecosystems. 

Lewis Publishers, Boca Raton. 

 141



van der Berg, A. E., C. A. J. Vlek, and J. F. Coeterier. 1998. Group differences in the 

aesthetic evaluation of nature development plans: a multilevel approach. Journal of 

Environmental Psychology 18:141-157. 

Wallace, C. C. 1985. Reproduction, recruitment and fragmentation in nine sympatric 

species of the coral genus Acropora. Marine Biology 88:217-233. 

Walmsley, D. J., and J. M. Jenkins. 1993. Appraisive images of tourist areas: application of 

personal constructs. Australian Geographer 24:1-13. 

Walters, C. J., and C. S. Holling. 1990. Large-scale management experiments and learning 

by doing. Ecology 71:2060-2068. 

Walters, R. D. M., and M. J. Samways. 2001. Sustainable dive ecotourism on a South 

African coral reef. Biodiversity and Conservation 10:2167-2179. 

Waltner-Toews, D. 1996. Ecosystem health - a framework for implementing sustainability 

in agriculture. Bioscience 46:686-689. 

Ward, T. J. 2000. Indicators for assessing the sustainability of Australia's marine 

ecosystems. Marine and Freshwater Research 51:435-446. 

WCED 1987. Our common future. The report of the World Commission of Environment 

and Development. Oxford University Press, Oxford. 

Wells, S. 1999. Tackling the paper park problem. Reef Encounters 26:24-26. 

Westra, L. 2003. The ethics of ecological integrity and ecosystem health: the interface. 

Pages 31-40 in D. J. Rapport, W. L. Lasley, D. E. Rolston, N. O. Nielsen, C. O. 

Qualset, and A. B. Damania, editors. Managing for healthy ecosystems. Lewis 

Publishers, Boca Raton. 

Whitford, W. G., D. J. Rapport, and A. G. de Soyza. 1999. Using resistance and resilience 

measurements for 'fitness' tests in ecosystem health. Journal of Environmental 

Management 57:21-29. 

Wicklum, D., and R. W. Davies. 1995. Ecosystem health and integrity? Canadian Journal 

of Botany 73:997-1000. 

Wilkins, D. A. 1999. Assessing ecosystem health. Trends in Evolution and Ecology 14:69. 

Wilkinson, C. 2000. Status of coral reefs of the World: 2000. Australian Institute of Marine 

Science, Townsville. 

 142



Williams, A., and N. Bax. 2003. Involving fishers' data in identifying, selecting and 

designing MPAs: an illustration from Australia's South-East Region. Pages 212-219 

in J. Beumer, A. Grant, and D. J. Smith, editors. World Congress of Aquatic 

Protected Areas. What works well and how do we know?, Cairns. 

Williams, K. J. H., and J. Cary. 2002. Landscape preferences, ecological quality and 

biodiversity protection. Environment and Behavior 34:257-274. 

Williamson, D. H., G. R. Russ, and A. M. Ayling. 2004. No-take marine reserves increase 

abundance and biomass of reef fish on inshore reefs of the Great Barrier Reef. 

Environmental Conservation 31:149-159. 

Willis, B. L., C. Page, and E. A. Dinsdale. 2004. Coral disease on the Great Barrier Reef. 

Pages 69-104 in E. Rosenberg, and Y. Loya, editors. Coral health and disease. 

Springer, Berlin. 

Willis, T. J., R. B. Millar, R. C. Babcock, and N. Tolimieri. 2003. Burdens of evidence and 

the benefits of marine reserves: putting Descartes before des horse? Environmental 

Conservation 30:97-103. 

Wilson, D. C. 2003. Examining the two cultures theory of fisheries knowledge: the case of 

bluefish management. Society and Natural Resources 16:491-508. 

Wood, N., and P. Lavery. 2000. Monitoring seagrass ecosystem health - the role of 

perception in defining health and indicators. Ecosystem Health 6:134-148. 

Young, M. 1995. Evaluative constructions of domestic tourist places. Australian 

Geographical Studies 33:272-286. 

Yu, C. C., J. T. Quinn, C. M. Dufournaud, J. J. Harrington, P. P. Rogers, and B. N. Lohani. 

1998. Effective dimensionality of environmental indicators: a principal component 

analysis with bootstrap confidence intervals. Journal of Environmental Management 

53:101-119. 

Zanetell, B. A., and B. A. Knuth. 2002. Knowledge partnerships: rapid rural appraisal's role 

in catalyzing community-based management in Venezuela. Society and Natural 

Resources 15:805-825. 
 

 

 143


	COVER SHEET
	CHAPTER 1. GENERAL INTRODUCTION: EXPLORING THE ECOSYSTEM HEALTH CONCEPT
	1.1 Introduction
	1.2 General aims and significance
	1.3 Thesis Outline

	CHAPTER 2. INDICATORS TO ASSESS CORAL REEF CONDITION: INTEGRATING VIEWS OF SOCIETY
	2.1 Introduction
	2.2 Ecological indicators for coral reefs
	2.3 Community indicators of coral reefs
	2.4 Application of the indicators

	CHAPTER 3. ASSESSING ANCHOR DAMAGE ON CORAL REEFS: A CASE STUDY IN SELECTION OF ENVIRONMENTAL INDICATORS
	3.1 Introduction
	3.2 Methods
	3.3 Results
	3.4 Discussion

	CHAPTER 4. ASSESSING CORAL REEF CONDITION: ELICITING COMMUNITY MEANINGS
	4.1 Introduction
	4.2 Methods
	4.3 Results
	4.4 Discussion

	CHAPTER 5. CORAL REEF HEALTH INDICATORS: ECOLOGICAL AND PERCEPTUAL ASSESSMENTS OF ANCHOR DAMAGE
	5.1 Introduction
	5.2 Methods
	5.3 Results
	5.4 Discussion

	CHAPTER 6. EVALUATION OF THE REEF PROTECTION PROGRAM USING ECOSYSTEM HEALTH INDICATORS
	6.1 Introduction
	6.2 Methods
	6.3 Results
	6.4 Discussion

	CHAPTER 7. GENERAL CONCLUSIONS
	7.1 General Conclusions

	REFERENCES



