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Abstract 

Although relationships between coral reef ecosystems and human communities are 

particularly strong in Fiji, the understanding of reef fish community organization has 

been scarcely investigated. The main goal of this study was to determine and to model the 

spatial distribution of reef fish communities of the Coral Coast, Fiji based on the habitat 

types and through a geostatistical approach. 

The study focused on the reef flat zone covering 45 km² which was divided into 22 

geomorphological reef units. Substrate and fish data were obtained from a previous field 

survey of a total of 311 transects. A hierarchical classification scheme of habitats was 

established a priori based on previous works and on expert knowledge resulting in seven 

habitat classes. A map of the Coral Coast fringing reef habitats was produced based on an 

unsupervised classification of Landsat ETM, visual interpretation and contextual editing. 

Multivariate statistical analyses were conducted on nine fish families to identify 

significant patterns of fish assemblage distribution at both scales of the reef system and 

the reef unit. Prediction maps of fish abundance were created by using the co-Kriging 

geostatistical model. 

Although the accuracy assessment of the map showed a low overall accuracy, it clearly 

appeared that the Coral Coast was dominated by an extensive presence of macroalgae and 

rubble habitats which covered about 85% of the reef flat. Coral and seagrass rich areas 

were very sparse with only 1.21% and 0.78% respectively. The Coral Coast reef fish 
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community was characterized by a strong domination of one family (Labridae, Wrasse). 

Results showed that sand, seagrass and coral habitats hosted significantly different 

communities. It seemed that the quality of the predictive models varied highly depending 

on the reef unit and the fish family. Reef fish modelling using a geostatistical approach 

provided in some cases satisfactory results which suggest an important potential for 

future research. 
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Chapter 1: General Introduction 1

CHAPTER 1: GENERAL INTRODUCTION 

1.1 INTRODUCTION 

Coral reefs are limestone formations built by living corals and calcareous algae. Most of 

them are found between the 30° north and south parallels within the tropics. According to 

the 2001 World Atlas of Coral Reefs, shallow water coral reefs cover about 284,300 km² 

corresponding to only 3% of the total tropical continental shelf area (Spalding et al.

2001). Coral reefs are among the most diverse and productive ecosystems where more 

than 4,000 species of fish have been identified. 

The importance of coral reef ecosystems is assessed through their functions, the goods 

and services that they provide to the human community. Coral reefs are found within the 

waters of about 100 countries where millions of people depend directly or indirectly on 

them for their incomes or their diet (Moberg & Folke 1999). Reefs generate resources for 

various activities such as fisheries, the pharmaceutical industry, live fish collection and 

mining. A vast range of services have been identified by Moberg & Folke (1999) 

including, for instance, shoreline protection, maintenance of biodiversity, biogeochemical 

fixation, environmental parameters record and support of social and cultural activities. 

In 2004, Wilkinson with 240 contributors reported that the world’s coral reefs were under 

continuous pressure from the human population and activities. It was estimated that 20% 
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of the world’s coral reefs were already lost and that another 24% were under imminent 

threat of destruction. Threats are numerous and their intensity varies geographically. 

Distinction is made between threats from natural phenomenon and anthropogenic 

menaces. Natural phenomenon such as hurricanes, crown-of-thorns starfish outbreaks, 

earthquakes or bleaching events can have destructive impacts on coral reefs. Locally, the 

main human activities which have subsequent impacts are destructive fishing practices, 

sedimentation and pollution, mining and uncontrolled tourism development (Cesar 2000). 

Worldwide, climate change and its consequences seem to compromise the future of coral 

reefs (Hoegh-Guldberd et al. 2007). Poverty, population growth and lack of awareness 

are also considered as threatening reef health (Wilkinson 2004). 

Considering the importance of the coral reefs and their increasing loss and destruction it 

appeared necessary to implement management plans in order to ensure the wellbeing of 

the reefs to sustain the present and future generations. Different tools and strategies have 

been applied depending on which function of the ecosystem needed to be protected or 

managed. The most widespread strategy at present is to establish marine reserves. Under 

this concept, lies a number of different ways of protecting and managing marine areas 

from the complete prohibition of any activity to temporary fishing bans. Various 

designations are found worldwide such as marine managed area (MMA), marine 

management zone, marine national park or marine protected area (MPA) which will be 

used as the generic terminology here considering that it includes the above designations. 

In the last 10 years, paradigm shifts have occurred in terms of management strategies in 

the face of unsatisfactory results (Wilkinson 2004). It is widely recognized that the extent 

of MPAs needs to be increased and to be linked to form networks which can maintain the 



Chapter 1: General Introduction 3

large scale ecosystem processes and be more efficient in the face of the threats from 

global climate change. 

A general expectation from MPAs is that they can sustain fishery productivity and 

prevent fish stock collapse (Bohnsack 1996). However, the positive effect of MPA on the 

reef fisheries has not always been recognized and it is still difficult to have a clear 

indication about the effectiveness of MPAs. There is a considerable body of literature 

about this issue, but according to Russ (2002) it primarily relates to the theoretical aspects 

of the MPAs potential while useful empirical studies are scarce. After reviewing several 

studies, Russ concluded that the effects of MPAs on fishery are mostly equivocal and 

lead to the increase of density, size and biomass of fishes and invertebrates. The 

ambiguity of the results is even higher for the spillover and the recruitment effects that 

MPAs are supposed to produce around their location. However, Halpern (2003) reviewed 

89 empirical studies about the ecological impacts of MPAs and concluded that, on 

average, the values of density, biomass, size of organisms, and diversity measured for 

fish and invertebrates were higher inside MPAs than outside and higher after their 

establishment. 

Prior to making a management decision, it is essential to develop an understanding of the 

marine resource to ensure that subsequent management decisions are made to safeguard 

the sustainability of the resource. Globally, there are still large gaps in the knowledge of 

coral reef ecosystems which moreover have been unevenly studied across the world 

(Wilkinson 2004). Research and technology advances allow the development of new 

tools to assist coral reef managers in the decision making process. Among those tools, 

Geographic Information Systems (GIS) and remotely sensed data have become 
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commonly used. GIS for environmental components has been widely developed during 

the last decades because they enable the access, analysis, display and integration of 

complex data. Applications to marine and coastal environments have been more recent, 

mainly due to the fact that data are sparsely and infrequently collected and that 

environmental conditions are unstable (Lucas 2000). The dynamic characteristic of GIS 

facilitates spatial and temporal analysis and thus provides useful information for 

management actions and the decision-making process. Associated with satellite imagery 

and remote sensing methods, GIS is a useful tool which has been applied to coral reef 

ecosystems in particular to inventory marine resources and detect ecological changes 

(Mumby et al. 1997). 

The Fiji Group is composed of about 844 islands which are mostly volcanic with a few 

atolls in the Lau Group (Vuki et al. 2000). All of the general reef types are found among 

the approximately 1,000 reefs present around Fiji. Fringing and barrier reefs are the more 

widespread genera of reefs and surround most of the high islands. Reef sizes vary from 

patches less than 50 meters long to the 370 km long continuous chain which stretches 

from the Mamanuca Islands to the Great Sea Reef System located on the north of Vanua 

Levu (see Figure 2.1). 

Fiji is considered as a part of the Indo-West Pacific Marine province even though its coral 

reef biodiversity is lower compared to the “coral triangle” of Indonesia, Philippines, 

Papua New Guinea and the Solomon Islands (Vuki et al. 2000). However, even with an 

incomplete taxonomic knowledge, about 1,200 fish species and 200 species of coral have 

been identified (Table 1.1). Marine plants are represented by 422 taxa of algae and four 

species of seagrass.  
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Table 1.1 Fiji’s known marine biodiversity (adapted from Vuki et al. 2000). 

Taxa Number of taxa known 

Marine plants  

Algae 422 taxa 

Seagrass 4 species 

Mangroves 9 species 

Invertebrates  

Stony corals 198 species 

Gorgonians 5 species 

Zoanthids 15 species 

Molluscs and Gastropods 123 species 

Opisthobranch 253 species 

Bivalves 102 species 

Ascidians, Sea squirts 60 species 

Vertebrates  

Bony fish 1,198 species 

Reptiles 3 species 

Seabirds 10 species 

Whales 4 species 

In 2004, the status of the Fijian reefs was considered as healthy compared to other 

regions but showed localised important degradations due to increasing stresses occurring 

in the last decades (Lovell et al. 2004). They have been strongly affected by the bleaching 

events of 2000 and 2002 and observations showed variable recovery status. Reefs closest 

to urban centres were damaged by pollution from industries and wastes and by over-

fishing (Vuki et al. 2000). Non-sustainable tourism developments, logging and 

agriculture were also identified as sources of pollution and sedimentation. According to 

Vuki et al. (2000), the inshore fishing pressure is moderate to high with the consequence 

that some stocks of large bivalve species have been seriously depleted. 
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In response to these observations, Fijian communities began to set aside a part of their 

fishing ground in a bid to increase the marine resources available. Since the 1990’s, 

teams from the Institute of Applied Science (IAS) of the University of the South Pacific 

(USP) have supported these initiatives. Early indications suggested they had increased the 

marine resources available to communities (Veitayaki et al. 2003). This success led to the 

recognition of the community-based marine resources management with the setting up of 

the Fiji Locally Managed Marine Areas (FLMMA) network in 2000. Seven years later, 

Fiji has more than 220 community-based marine managed areas. 

Many programmes and international organizations have carried out surveys on different 

reefs systems producing a large quantity of data on Fijian reef benthic habitats and fish 

assemblages. However, the knowledge of Fijian reefs is still inconsistent because of a 

lack of long term monitoring programmes and data analyses with communication of the 

results (Vuki et al. 2000). 

It thus appeared necessary to develop an understanding of Fijian reefs ecosystems 

utilizing existing data. Maps and data analysis are critical methods to comprehend the 

ecological patterns and processes of Fijian coral reefs in order to determine the health 

capacity and vulnerability to natural and human impacts. 
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1.2 AIMS AND OBJECTIVES 

This project aims to determine the spatial distribution of the reef fish communities of the 

Coral Coast, Fiji. The influence of the benthic composition on family taxa abundance is 

assessed in order to design a spatial model of the fish abundance with a geostatistical 

approach. The feasibility of modelling reef fish distribution with the ArcGIS 

Geostatistical Analyst extension is investigated. Resources available in the Fijian context 

for natural resource management are limited. Therefore one key aspect of the adoption of 

any proposed approach is that the approach must be cost-effective and not cost-

prohibitive. 

The main objectives of this project were: 

> To establish a classification scheme and map the coral reef habitats of the Coral 

Coast using Landsat ETM imagery pre-existing data and visual interpretation; 

> To describe the spatial distribution of reef fish communities of the Coral Coast; 

> To determine the reef habitat influence on the spatial variability in reef fish 

distribution; 

> To model the spatial distribution of coral reef fish community abundance using 

geostatistical methods. 

1.3 THESIS OVERVIEW 

This thesis is organized into five chapters. This first chapter has presented a general 

introduction of this research project including a review of the literature. Chapter 2 details 

the methodology used to classify and map the Coral Coast reef habitat and the statistical 

analyses applied to the fish data. Chapter 3 shows the results of this study which are then 
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discussed in Chapter 4. A general conclusion including recommendations for potential 

future work is presented in the Chapter 5. 

1.4 MAPPING CORAL REEF ENVIRONMENT 

Kostylev et al. (2001) defined habitat as a “spatially defined area where the physical, 

chemical, and biological environment is distinctly different from the surrounding 

environment.” It also refers to the place occupied by an organism, a population or a 

community. 

Tropical coastal ecosystems are characterized by three main habitats: coral reefs, seagrass 

and macroalgae beds, and mangroves. However, studies on coral reef habitats often 

include seagrass and macroalgae beds into their scope. The concept of habitat has been 

used with various meaning depending on the research focus (Mumby & Harborne 1999a). 

When classes are defined, they often include information on the geomorphology, the 

physiognomy, the ecology and the geology of the habitat. Coral reef habitats are specific 

in the sense that they are highly heterogeneous and patchy due to the influence of 

environmental gradients driven by the geomorphology (Gust et al. 2001). 

With the necessity to implement integrated coastal management plans, habitats are 

considered as a spatial unit from which decisions should be taken (Mumby & Harborne 

1999b). Habitat maps have been produced and used widely for inventories, identification 

of areas of special interest or for delimitation of management areas. Fundamental 

research on reef ecosystem patterns and processes have also benefited from the flexibility 
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that maps provide. Mapping habitats is acknowledged by coral reef managers as being a 

prerequisite for delineating protected or managed marine areas (Salm et al. 2000). 

1.4.1 Classification scheme 

Green et al. (2000) strongly recommended, when planning the production of habitat 

maps, to initially define the intended use and to establish a systematic classification 

scheme. There are different types of habitat maps depending on the subject of interest. 

Some represent a specific habitat (e.g. seagrass cover) and others identify the 

geomorphological or/and ecological features of a reef system. Following is a review of 

selected studies for which a classification scheme has been built in the context of tropical 

coastal environments and where its development was explained.  

In 1995, Holthus and Maragos published a classification scheme of the coastal and 

marine ecosystems of the Pacific tropical islands. It was developed following workshops 

which gathered a panel of coastal and marine scientists and resources managers. The 

outcome provides a comprehensive and hierarchical classification which inventories the 

full range of coastal ecosystems found around the Pacific islands. It is based on 

biogeographical, morphological and geophysical characteristics. An expanding list of the 

habitats is given, illustrated by diagrams and with a glossary defining precisely the 

classes. This classification has become a reference for many other projects of tropical 

coastal habitat mapping (Green et al. 2000) and has been used by the three schemes 

described in this section. 
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A hierarchical classification scheme for the Caribbean reefs was developed by Mumby & 

Harborne (1999a). They followed the principle that a classification scheme should: 

� be clear and unambiguous 

� be easily understood with intuitively interpretable classes. 

� have a hierarchical structure to reflect different user needs and understanding and 

accommodate wider plans. 

� have an objective basis, particularly at finer scales where the differences between 

classes become progressively less obvious. 

� be easily summarised for use in accuracy assessment and rapid field-survey. 

The classification scheme was developed recognizing that it would be later applied to 

remotely sensed data and thus it needed to be appropriate for the sensor capability. To 

allow this the scheme had a hierarchal structure and therefore could be used at a range of 

descriptive resolution to suit the sensor capability. Habitat types were defined by 

geomorphological and benthic properties as they are identifiable with remotely sensed 

data. Geomorphological classes were based on the classification from Holthus & 

Maragos (1995) and benthic classes were identified with multivariate analysis of 

quantitative substrate cover data. The results were shown in Mumby & Harborne (1999a) 

where each class is described and illustrated by photos. 

The National Oceanic and Atmospheric Administration (NOAA) of the United States of 

America carried out a vast programme of mapping, assessing, inventorying and 

monitoring the U.S. coral reefs ecosystems (Coyne et al. 2003, NOAA-NCCOS 2005). A 

shallow-water benthic habitat classification scheme was developed after consultations 

and workshops that gathered reef experts. The scheme has a hierarchical structure and 
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defines habitats based on geomorphological zone and biological cover attributes. Four 

major habitats were described (unconsolidated sediments; submerged aquatic vegetation; 

coral reef and hard bottom; other delineations) and were subdivided into 28 classes which 

included cover density information. Manuals describing the classification scheme and its 

categories illustrated by images were produced for the different U.S. coral reef regions. 

A worldwide project of coral reef mapping named the Millennium Coral Reef Mapping 

started in 2001 and is currently being undertaken (Andréfouët et al. 2005). It aims to 

apply the same geomorphological classification scheme to every reef in the world and to 

map them from a compilation of Landsat 7 ETM+ satellite images. Reef geomorphology 

mapping is relevant enough for conservation and management applications because it 

provides important information on the habitats (Andréfouët 2007, pers. comm.). The new 

classification was made after examination of about 1,500 images and improved several 

times at selected sites with ground-truth data and expert knowledge. Afterwards, 126 reef 

geomorphological units were identified and by combining depth, exposure and position 

of the reefs, 966 classes were obtained. 

Most of the classification schemes reviewed here have been developed for use in habitat 

map production. The extent of the classified area controls the level of descriptive 

resolution at which mapping was undertaken. Maps covering large geographic areas 

focused on the geomorphology whilst maps of more confined areas had a greater level of 

descriptive resolution. 
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1.4.2 Mapping methods 

Most of the coral reef habitat maps have been made based on remotely sensed data 

(Mumby et al. 2004). Remote sensing includes techniques for collecting images or data 

about an object from measurements made at a distance from the object (Dahdouh-Guebas 

2002).  The use of remote sensing techniques for coastal environment assessment has 

quickly developed after the launch of satellites and their digital sensors. It is seen as a less 

time- and fund-consuming approach since it allows the acquisition of extensive data 

through the capability of scaling-up field observations (Mumby et al. 2004). Green et al.

(2000) distinguished two main approaches to remote sensing mapping which vary in 

terms of complexity, cost and time. A remotely sensed image can be classified either by 

visual interpretation or by multispectral classification. 

Visual interpretation is based on remote sensing imagery such as satellite images or aerial 

photographs but does not involve any computer calculation or reflectance analysis. 

Habitats are generally digitized in a GIS format by delineating photointerpreted 

boundaries. Identification of habitat types is done according to the colour and texture of 

the features in the imagery and therefore requires a measure of knowledge of the reefs 

from the photointerpreter. The United States of America coral reefs have been mapped 

using this method on a series of IKONOS images and hyperspectral images and with the 

ArcGIS Habitat Digitizing extension developed by NOAA (Coyne et al. 2003, NOAA-

NCCOS 2005). This software allows importing a custom classification scheme, setting a 

minimum mapping unit and facilitating the attribution of habitat type to the polygons 

(NOAA/NCCOS/CCMA 2006). In addition, intensive field data collection was done to 

obtain ground validation and accuracy assessment points. The output of this effort was a 
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series of GIS habitat maps that showed high spatial and thematic accuracies. The benthic 

habitat maps of the Hawaiian Islands had an overall accuracy of 90% for the major 

habitat class level and 80% for the more detailed classes (Coyne et al. 2003). 

Multispectral classification is a computer-based process using algorithms which classify 

the pixels of an image and groups them together according to the similarity of their 

spectra. The classification can be unsupervised or supervised. The former consists of 

letting the computer programme classify the pixels to form clusters based on the 

reflectance value. The product is a set of classes which has to be revised and labelled 

from field knowledge by the interpreter. The second approach is called supervised 

classification because the interpreter instructs the computer on the correspondence 

between the habitat class typology and the spectral properties of a group of pixels. Both 

supervised and unsupervised multispectral classifications have been the most frequently 

used for coral reef benthic mapping (Table 1.2). 

According to Green et al. (2000), visual interpretation presents two main advantages in 

that it does not require highly trained personnel and expensive computer equipment. 

However, this method is time-consuming and it is recognized that the classification is 

subjective and its quality may depend on the field knowledge of the interpreter. 

Multispectral classification is an objective approach which allows the production of a 

map rapidly by using the full information given in the remote sensing data. The 

drawbacks are that it is computationally intensive and necessitates skilled personnel. The 

authors suggested that the best method might be to combine both of these approaches in 

order to achieve more accurate results. 
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Technical progress has led to the emergence of new sensors and imagery processing tools 

which has caused certain confusion amongst scientists and managers concerning the 

choice of the appropriate digital data for their project (Mumby et al. 1997). In 1996, 

Green et al. reviewed and identified about 12 different applications of remote sensing 

techniques which were used for assessment and management of tropical coasts. In 2004, 

Mumby et al. reviewed the capabilities of remote sensing techniques for the ecological 

(bathymetry, geomorphological habitats, benthic habitats, temporal change, reef health, 

habitat structure) but also the physical environmental properties (sea surface temperature, 

UV radiation, cloud cover, salinity, algal bloom, sedimentation) of coral reef ecosystems. 

Among these, it seemed that mapping of geomorphological zones has been the more 

successful use of remote sensing techniques whereas benthic composition mapping has 

shown less equivocal results. 

A number of studies have assessed or compared the capability of different sensors to 

detect the composition of reef habitats. The Table 1.2 shows a selection of studies 

dedicated to map coral reef geomorphological and/or ecological properties of benthic 

habitats. 
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Table 1.2 Review of selected studies of coral reef habitat mapping with remote sensing 
techniques. 

Reference 
Subject of 
mapping 

Imagery data 
Classification 
methodology 

Accuracy 

Andrefouët 
et al. 2003 

3-15 benthic 
classes 

Ikonos 
Landsat ETM 

•unsupervised and/or 
supervised 
classification 

•contextual editing 

77% for 4–5 
classes, 71% for 7–
8 classes, 65% in 
9–11 classes, and 
53% for more than 
13 classes 
Landsat: 56% for 
5–10 classes 

Andrefouët 
& Guzman 
2005 

Geomorphology 
and benthic 
diversity 

Landsat ETM 
Landsat TM 

•visual interpretation 
•supervised 

classification 
•contextual editing 

qualitative 
assessment 

Capolsini et 
al. 2003 

5 levels of 
classification 
(3,4,5,7,9 classes) 

Landsat ETM 
ASTER 
SPOT HRV 
Ikonos 
MASTER 

•supervised 
classification 

Landsat ETM: 48-
81% 
Ikonos: 86%-65% 

Joyce et al.
2004 

5 benthic classes Landsat ETM •unsupervised 
classification 

overall 41% 
from 74% to 12% 
for sites 
from 72% to 0% 
for benthic types 

Mumby et 
al. 1997 

comparison of 
sensors 
3 levels of 
classification 
(4,8,13 classes) 
including 
quantitative 
benthic 
composition 

Landsat MSS 
Landsat TM 
SPOT XS 
SPOT Pan 
merged Landsat 
TM/SPOT Pan 
CASI 

•supervised 
classification 

•contextual editing 

4 classes: 55%-
73% (Landsat TM) 
8 classes: 38% to 
52% (Landsat TM) 
13 habitats: 21% to 
37% (SPOT XS) 
CASI: 72% to 93% 

Mumby et 
al. 1998 

2 levels of 
classification, 4 
(coral, algae, sand 
seagrass)-9 
benthic classes  

CASI •supervised 
classification 

•contextual editing 

89% and 81% for 
coarse 
and fine levels of 
habitat 
discrimination, 

Neil et al.
2000 

10 
geomorphological 
classes 

Landsat TM •unsupervised 
classification 

not given 

Roelfsema 
et al. 2002 

benthic 
microalgae 
(chlorophyll 
concentrations) 

Landsat TM •spectral reflectance 
•supervised 

classification 

overall 62% 
from 11% to 82% 
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Based on the results of these studies, Landsat ETM classification provided good levels of 

accuracy with coarse descriptive resolution (three to five classes) whereas images with 

higher spatial and spectral resolution (e.g. Ikonos, CASI) were more suitable for fine 

descriptive resolution. It appears that the accuracy of benthic maps depends on the 

descriptive resolution (e.g. number of habitat classes), the site, the spatial and spectral 

resolutions of the sensors and environmental factors such as water turbidity or sea surface 

state. 

1.4.3 Coral reef mapping and remote sensing in Fiji 

Contemporary coral reefs in Fiji are geologically recent since they are generally younger 

than 10,000 years and their structures are a heritage from sea level rise during the 

Pleistocene and Holocene (Nunn 1994). Zann (1992) devised a classification of Fiji’s 

coral reefs based on their geomorphology, their relative position to the platform (outer-, 

mid- and inner- shelf) and their exposure to the prevailing wind and seas (windward, 

leeward). He distinguished 17 geographic areas that have been identified as sharing 

geomorphologic similarities. 

Application of remote sensing capabilities on Fiji’s marine ecosystems has been sparse 

and there are very few published works. In 1982, a study was done to assess the 

feasibility of measuring sea surface temperature from the NOAA-5 satellite data 

(McKenzie & Nisbet 1982). Afterwards, Knight et al. (1997) developed a procedure to 

quantify the spectral response of coral, algae and rubble with the potential to apply it at 

the regional scale. It seems that this project has not been followed up and it is only very 
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recently that promising collaborations and studies have been developed. Coral reef 

habitat maps of selected areas of the Fiji Islands have just recently been made but they 

have not been published yet (Roelfsema, unpublished). They were made for the purpose 

of studying the cost effectiveness of shallow benthic habitat mapping in Fiji. Roelfsema 

produced several maps of Suva Reef, Navakavu Reef and Solo Reef by using different 

imagery data, processing techniques and benthic sampling methods. 

Coastal ecosystems mapping in Fiji has been limited and GIS and remote sensing tools 

have not been systematically used to support management actions. However, 

organisations such as the Pacific Islands Applied Geoscience Commission (SOPAC) and 

IAS-USP have purchased satellite images facilitating the development of remote sensing 

applications to Fijian coral reefs. 

1.5 REEF FISH COMMUNITIES 

According to Begon et al. (2003) an ecological community is defined as an assemblage of 

individuals and populations which share the same space at the same time. Reef fish 

communities are composed of a remarkable variety of species which exhibit many 

different sizes, shapes and colours (Choat & Bellwood 1991). In addition, reef fish 

assemblages are characterized by a high spatial variability. The life cycle of a majority of 

species is divided into two distinct phases, from a broad scale larvae dispersion stage to a 

strongly site attached and sedentary behaviour of adults. Sale (1991) listed eight fish 

families which are the most characteristic among the 100 known to have coral reef 

representatives (Table 1.3). 
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Table 1.3 List of the eight more representative coral reef fish families (Sale 1991).

Scientific name Common name

Labridae Wrasse 

Scaridae Parrotfish 

Pomacentridae Damselfish 

Acanthuridae Surgeonfish 

Siganidae Rabbitfish 

Zanclidae Moorish Idol 

Chaetodontidae Butterflyfish 

Pomacantidae Angelfish 

1.5.1 Features and distribution 

Reef fish ecology and the study of their communities really expanded about 40 years ago 

with the development of SCUBA diving gear (Sale 1982). Since then, a considerable 

number of studies have been conducted to assess and identify the structure, dynamic and 

factors affecting reef fish communities. Reef fish communities are characterized by 

various variables such as species composition, abundance or biomass. Those patterns are 

affected by the physical environment, ecological processes and by human activities. 

Most of the studies carried out on the impacts of human disturbances on reef fish 

communities relate to the fisheries (Dulvy et al. 2002, 2004, Bianchi et al. 2000). In 

addition, human impacts have been investigated through the assessment of pollution and 

terrestrial runoff (Khalaf & Kochzius 2002, Letourneur et al. 1998). Another widely 

measured issue is the effect of management actions such as marine protected areas 

(McClanahan & Arthur 2001, Friedlander et al. 2007 for examples). Finally, natural 
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disturbance impacts such as bleaching and cyclones have been studied for instance by 

Adjeroud et al. (2002) and Chabanet (2002). 

A review of the literature shows that the physical environment variables taken into 

consideration for defining habitats have been mostly the geomorphology, rugosity, depth, 

benthic composition, exposure to swells and winds, bathymetry, currents, availability of 

shelters and spatial organization of reefs. The influence of habitat characteristics has been 

explored for specific fish species, families and assemblages. Generally, variations in 

community structure have been assessed through abundance, density, size of individuals, 

biomass, species richness and evenness or trophic structure. 

The specific effect of the benthic composition on reef fish community structure has been 

investigated within a number of research projects. Roberts & Ormond (1987) evaluated 

the influence of the habitat structural complexity and live coral cover on fish species 

richness and abundance of five families (Acanthuridae, Chaetodontidae, Labridae, 

Pomacentridae and Scaridae) in the Red Sea. They found that biological diversity of the 

substrate was correlated with the species richness but live coral cover did not have a 

significant influence on the fish community features. However, Chabanet et al. (1997) 

showed that species diversity and abundance were positively correlated with the 

biological nature of the substratum and notably the extent of live coral cover. Similarly, 

Garpe & Ohman (2003) found that live coral cover was the main factor influencing the 

species richness and abundance of fish communities of Mafia Island in the Indian Ocean. 

A study in the Tuamotu Archipelago showed that fish abundance and species richness 

were positively correlated to the live coral cover (Bell & Galzin 1984). Gust et al. (2001) 

studied the spatial variability of Scarid (Parrotfish) fishes in the northern Great Barrier 
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Reef, Australia. They found that the Scarid assemblages were different in terms of 

relative and absolute abundance of taxa between exposed outer-shelf and sheltered mid-

shelf reefs. In the same tropical region, Ault & Johnson (1998) observed that community 

composition and abundance was related to benthic types on continuous reefs but not on 

patch reefs. In addition, spatial variation of population density and habitat characteristics 

were correlated. McClanahan & Arthur (2001) studied the effect of fishing and habitat on 

the fish communities along the African East Coast. Species richness was found to be 

positively correlated with hard coral and coralline algae cover but the fish abundance and 

diversity were mainly explained by the fishing pressure. In the Caribbean Islands, a broad 

scale study showed that fish assemblage composition variation was mostly explained by 

the type of habitat which was qualitatively defined into ten classes of substrate (Bouchon-

Navaroa et al. 2005). Yet, in the same region, a study estimated that species richness in 

the Panama was less related to the substrate composition than its complexity (Dominici-

Arosemena & Wolff 2005). 

During the last decade, the investigation of relationships between reef fish communities 

and habitat has been undertaken through the concept of seascape ecology (Lecchini & 

Galzin 2005, Ariaz-González et al. 2006, Grober-Dunsmore et al. 2007). Borrowed from 

the landscape ecology, seascape ecology refers to the spatial organization of the discrete 

elements forming an area. Using this approach, Ariaz-González et al. (2006), for 

instance, identified three different seascapes at Davies Reef, Australia which exhibited 

dissimilar fish assemblages in terms of biomass, species richness and trophic guilds. 

According to this literature, it seems that the influence of habitat composition on the reef 

fish communities is neither straightforward nor consistent across the world. To state a 
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conclusion at the global scale is not possible and it dictates the need for studies to be 

undertaken at local or regional scale. 

1.5.2 Modelling reef fish communities 

Ecosystem function is partly explained by the spatial organization of its elements. This is 

particularly pronounced for reef fish community structure which is characterized by a 

high degree of spatial and temporal variation. Therefore, spatial modelling and analysis 

are critical for coral reef ecosystem understanding and management. A model is spatially 

explicit when its objective is to predict fish distribution within an area whereas statistical 

multivariate methods using point data does not have a spatial component (Mellin et al. 

2007). Spatial modelling has the advantage of providing continuous information that is 

more representative of the ecosystems and the ‘real world’. 

Ecological modelling allows one to predict spatial and temporal patterns and thus to 

define scenarios which are one of the most wanted tools amongst managers. Spatial 

variation and scale are being increasingly considered by coral reef ecologists and 

managers. In their review on marine protected area effectiveness and value, Sumaila et al.

(2000) considered that quantitative modelling is a promising method for assisting 

ecosystem and fishery management. 

Although spatial models have been widely developed for terrestrial environments, they 

have just been recently applied to the marine ecosystems (Pittman et al. 2007). It is 

mainly due to the fact that data collection requires more financial and technical support 

but also, and specifically for coral reef ecosystems, because of the highly spatial and 
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temporal variability of fish communities. However the recent development of the remote 

sensing and GIS techniques has improved and increased the availability of spatially 

continuous data required for spatial modelling (Mellin et al. 2007). 

Most of the coral reef studies involving modelling have mainly focused on assessing the 

effect of marine reserves on single fish species or communities and on improving the 

ecological knowledge of fish populations to support ecosystem-based management. 

Núñez-Lara et al. (2005) used a canonical analysis approach to evaluate the role of reef 

geomorphology and human pressure in the spatial variation of fish community structure 

of the Yucatan Peninsula, Caribbean Sea. Results showed that reef geomorphology was 

the main factor explaining variations in fish community structure within three of the four 

habitats surveyed. In addition, Mellin et al. (2007) established a simulation model to 

predict the species richness and abundance of reef fish juveniles. They used remotely 

sensed data of physical environment variables and generalized linear models which were 

integrated into a GIS. The models showed that environmental variables explained 75% of 

the variability of species richness and 52% of abundance. A comparative study between 

three different models has been done by Pittman et al. (2007) who tested multiple linear 

regressions, neural networks and regression trees. The last appeared to be the more 

accurate to predict fish species richness in three sites in the Caribbean. They 

demonstrated that the level of topographic complexity was the best predicator of species 

richness. 

Spatial modelling has also been used to predict reef habitat distribution in the Mexican 

Caribbean (Garza-Pérez et al. 2004). Combining remotely sensed and field data with 

generalized additive models, Garza-Pérez et al. produced a benthic habitat map, the 
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quality of which was comparable to traditional satellite imagery processing. Another 

application of spatial modelling is given by Mumby (2006) who used a spatially explicit 

simulation model to estimate the requirement of grazing from fishes in order to sustain 

coral development and keep a low macroalgae cover. 

The consideration of the need to study and understand large scale processes is growing 

among ecologists. However, they face the difficulty that most of the field data are 

typically collected at relatively local scale and cannot provide suitable information to 

comprehend large regional phenomenon (Miller et al. 2004). Because collecting data on 

extensive areas is regarded as too expensive and time costly, ecologists are now focusing 

on predictive methods and their improvement. Extrapolation is one of the approaches to 

predict patterns where known data are projected, extended or expanded into an area not 

sampled based on assumptions of continuity and correlation among the variables (Miller 

et al. 2004). 

Under the term of geostatistical analysis, lie a number of spatial modelling methods and 

algorithms which allow extrapolating information and creating continuous surfaces from 

point data. The ArcGIS package provides a Geostatistical Analyst extension which allows 

integration of geostatistical methods within GIS modelling environments (Johnston et al.

2001). Various models are available such as Inverse Distance Weighting, Local 

Polynomial and Kriging. With Kriging, extrapolation is based on a trend identified from 

the data and the spatial autocorrelation theory assuming that features close to each other 

are likely to be more similar than the ones apart from each other Kriging is a stochastic 

model which provides an estimation of the variance for any point predicted. It is thus 

possible to quantify the quality of the surface models by measuring the statistical error of 
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predicted surfaces. This model presents the advantage that it can be used with irregularly 

distributed samples and a number of parameters can be set as needed. The co-Kriging 

model follows the same principles but in addition allows multivariate analysis. The 

predicted values are thus estimated according to the correlation with an influencing 

variable. 
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CHAPTER 2: MATERIALS AND METHODS 

2.1 STUDY AREA 

2.1.1 The Fiji Islands 

The Republic of the Fiji Islands is a scattered archipelagic group comprising 

approximately 844 islands located between 15-23°S and 177-178°W (Vuki et al. 2000) 

(Figure 2.1). The land surface is about 18,500 km² of which 87% comprises the two main 

islands, Viti Levu and Vanua Levu. The larger islands have well developed relief formed 

by the past oceanic volcanic activity whereas the smaller are atoll islands. The coastal 

zone is mainly characterized by rainforest, mangrove and coral reef habitats. 

The recent census of Fiji (Fiji Islands Bureau of Statistics 2007), gives a population of 

827,900 which is mainly located in the major towns and the villages along the coasts of 

the hundred inhabited islands. Fiji’s economy is dominated by agriculture, fishery and 

tourism industries. The tuna and offshore industries dominate the fishery sector whereas 

the reef fishery catches are mainly for the national market and for the villagers’ 

subsistence. Tourism has become one of the largest sources of economic growth and is a 

developing sector but it has been unstable due to political volatility (Levett & McNally 

2003). 



Chapter 2: Materials and Methods 26

Figure 2.1 Map of the Fiji Islands and the Coral Coast study area.
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Fiji has maintained a customary marine tenure system based on traditional and communal 

ownership. The coastal waters and foreshores are under a dual tenure system. The state 

owns the sea and the land whereas Fijians have customary fishing rights (South & 

Veitayaki 1998). Fijian communities are thus responsible for the resources of their 

qoliqoli (fishing ground) where they have the right to set up rules on fishing activities 

such as the tabu or MPA which prohibit fishing within an area for a certain time. In 1998, 

the Ministry of Fisheries completed a vast census of the 410 qoliqoli, their physical 

boundaries and their owners (Veitayaki 1998). Qoliqoli are owned by social groups of 

which the mataqali (large family) is the primary division included into the yavusa (clan) 

and then the vanua (community). 

This dual tenure system has been set up in 1874 through the Deed of Cession which gave 

the ownership of all lands, including the traditional fishing grounds to the Crown and 

government. After the independence from the British government the ownership of the 

fishing grounds was not returned to the Fijian communities. Since then, there have been 

conflicts over ownership, boundary delineation and a number of people have made calls 

for the reforming of the legislation in order to have a single and community-based 

ownership system. 

2.1.2 The Coral Coast 

The Coral Coast is located along the southwest coast of Viti Levu, the main island of Fiji 

(Figure 2.1). It is a 50 km strip which stretches from Natadola Bay in the west to 

Namatakula village in the east. However, the Coral Coast, in this study, refers to an area 
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slightly larger since data used have also been collected 15km further to the east to 

Sanamua. 

The climate of the Coral Coast is characterized by consistent temperatures ranging from 

20°C to 29°C however rainfall can be variable with an annual average between 2,000 and 

3,000 mm (Fiji Meteorological Service n.d.). Two seasons are observed during the year 

with the dry season from May to October and the wet season from November to June. 

The trade winds are predominant all year round and blow from east to south-east. 

Tropical cyclones in Fiji occur mostly between November and April with an average of 

about ten to twelve affecting the group per decade (Fiji Meteorological Service n.d.). 

The south west coast of Viti Levu is characterized by the longest fringing reef of the Fiji 

group with a seaward extension of 500 m to 1 km with several channels separating the 

system into distinct reef units. The wider channels correspond to river mouths which 

drain the tropical rainfall from the back mountains to the ocean. The fringing reef system 

is interrupted by a 4 km long gap to the west of Sigatoka River mouth where terrigenous 

sands have build up into high dunes reaching 50 m above sea level. The south coast of 

Viti Levu is lined by a steep shelf with the 200 m isobath being located about 1,000 m 

from the shoreline (Zann 1992). 

The fringing reef system can be divided into four geomorphologic zones from the 

coastline to the ocean. The intertidal zone is rather large and is followed by a relatively 

flat and shallow platform. A consolidated reef crest overhangs a narrow slope shaped by 

forereef terraces and steep walls. 
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Warm south-westward currents induced by the tradewind run along the south coast of 

Viti Levu with an average speed of 0.2-0.3 m/sec (Zann 1992). However, on the reef 

scale, the currents are mainly produced by the tidal cycle. They can be especially strong 

before and after low and high tides. During high tides, the reefs are covered by oceanic 

water which is drained through reef passes and channels at falling tides. 

Average sea surface temperature along the Coral Coast range from 24°C to 30°C on the 

forereef and from 22°C to 36°C on the reef flat (Bonito 2008, pers. comm.). Ocean 

surface salinity is about 35‰ which could decrease inside the reefs through the supply of 

freshwater from substantial tropical rainfalls or increase as a result of evaporation (Zann 

1992). 

Tides are semi-diurnal with a mean range of 0.9 m for neap tides and 1.3 m for spring 

tides. The lowest waters fall during the night in summer from November to April and 

conversely in winter from May to October where it occurs during the day. 

A prevailing swell is produced by the south east trade winds. High energy waves break 

on the reef crest and a substantial proportion of energy is dissipated along the fringing 

reef. Waves associated with storms and cyclones have a higher energy which dissipate 

further to the shoreline and can damage coral reef and coastline developments (IAS-USP 

2002). 

The human population is distributed along the Coral Coast into villages of about 100 to 

300 inhabitants with the exception of Sigatoka town where 8,448 people live according to 

the last census conducted (Fiji Islands Bureau of Statistics 2007). The Coral Coast is one 

of the two major tourism areas in Fiji where resort construction started in the early 
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1960’s. Since then, numerous tourism projects have been developed offering a full range 

of accommodation types and activities. In addition, agriculture is an important economic 

sector with vegetable farming in the Sigatoka valley and sugar cane along the coast. 

Fishing is predominantly done for the subsistence of the villagers and fishes are generally 

caught using spears, handlines and nets. 

With these developments and the increase of population, observations have shown that 

the coral reef ecosystems along the Coral Coast have been degraded. The main threats to 

the ecosystem and its resources are overexploitation of fish and corals, inefficient waste 

management leading to coastal water pollution and erosion and siltation due to inland 

deforestation (Thaman & Aalbersberg 2004). 

2.2 FIELD DATA AND INTEGRATION 

The methodology used for this study involved various types of data and processing 

stages. A simplified work flow is illustrated (Figure 2.2) and its components are detailed 

in the following sections. 
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Figure 2.2 Workflow representing the methodology used to carry out this study.

2.2.1 Field data 

The data used for this study were provided and collected by Coral Cay Conservation 

(CCC). Coral Cay Conservation is a British not-for-profit organisation founded in 1986 

whose main aim is to provide resources to protect livelihoods and alleviate poverty 

through the protection, restoration and sustainable use of coral reefs and tropical forests. 

CCC carries out volunteer programs which provide services to a host country. Through a 
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volunteer participatory scheme, the organisation conducts extensive data collection and 

synthesis projects, conservation education and capacity building programmes. Several 

studies have shown that programmes involving non-specialist volunteers are suitable and 

provide accurate and useful information on coral reef ecosystems (Darwall & Dulvy 

1996, Hodgeson 1999). 

CCC was first invited to work in Fiji in 2000 when the local tourism operators, the 

Ministry of Tourism and Transport and the Fiji Visitors Bureau requested a study on the 

status of the coral reefs around the Mamanuca Group. Following this collaboration a 

Memorandum of Agreement was signed between CCC and the Ministry of Tourism in 

2002 and was renewed in 2005 until the end of 2006. The Coral Coast project was 

conducted under this agreement from 2003 to 2005 and was a part of an Integrated 

Coastal Management project at USP-IAS. During the first phase CCC teams surveyed the 

reefs from the Sigatoka River mouth to Namatakula village and then, in conjunction with 

the Ministry of Fisheries, they extended their work into Serua District to the east and to 

Natadola bay in the west (Rowlands et al. 2005).  

Surveys were conducted between July 2004 and May 2005 covering 24 qoliqoli of the 

Coral Coast (Figure 2.3). Data were collected along transects located perpendicular to the 

shoreline on the reef flat zone. Each transect was divided into three 100 m long sections 

which were laid down within three different zones of exposure to offshore influence. A 

total of 311 sections were surveyed by snorkelling based on the Reef Check technique 

(Hodgson et al. 2004). This protocol has been designed to allow rapid assessment of reef 

health ecosystem through collecting data on coral, fish and invertebrate indicator species 

or families. 
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Figure 2.3 Sampling sites surveyed by CCC along the Coral Coast with reef units code 
names. a: western section; b: central section; c: eastern section; d: close up showing the 
sampling design. Two points correspond to the start and end points of one 100 m section 
(named A, B or C).  
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The assessment of the benthic coverage was done using the point intercept method along 

a 100 m tape. Substrate type was recorded every 0.5 m providing a total of 200 data 

points per 100 m section. Eleven types of substrate were distinguished: soft corals (life 

form), sponges (life form), hard coral (life form and target species), dead coral, dead 

coral with algae, algae, seagrass (target genus), bed rock, sand, rubble, and mud. 

Fishes were counted along the same 100 m tape using the belt transect methodology 

applied within a 5 m width by 20 meter long sections. A gap of 5 m after each 20 m was 

left unsurveyed in order to ensure the statistical independence of the samples. According 

to the datasheet used for the surveys, the abundance of 118 species was recorded (see 

appendix for species list). 

2.2.2 Data pre-processing and integration 

Benthic data were pre-processed in order to match the classification scheme produced for 

the Coral Coast habitat map (section 2.3.2). The substrate data were provided within a 

single Excel worksheet including sample code name, GPS coordinates of the start and 

end points of the transects and percentage cover for 29 benthic types for each sample. 

The classification scheme defined seven habitat classes whereas the data set for the 

substrate provided percentage cover for 29 types of substrate. The data were thus 

aggregated by adding the percentages of substrate included within each class. 

This study focused on the fish family taxa level because it was more appropriate to its 

fishery management potential application. The fish data provided abundance for about 

118 species of 37 families. The fish abundance data were thus aggregated from species to 
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family level. Amongst the 37 families available within the database provided, nine of 

them were selected according to their importance in terms of resource for the 

communities and their ecosystem health indicator status (Table 2.1). The raw data were 

imported into a PRIMER1 workspace which has a routine allowing the aggregation of 

data from species to family level. 

Table 2.1 List of fish families selected for this study. 

Common 
name 

Latin name Code name 
No. of species 

recorded 
Main trophic guild 

(Sale 1991) 

Butterflyfish Chaetodontidae Cha 15 
Differs greatly among 

species 

Emperor Lethrinidae Let all Carnivorous 

Goatfish Mullidae Mul 6 Carnivorous 

Grouper Serranidae Ser 9 Carnivorous 

Parrotfish Scaridae Sca 2 
Herbivores and 

corallivores 

Rabbitfish Siganidae Sig 3 Herbivores 

Snapper Lutjanidae Lut 6 Carnivorous 

Surgeonfish Acanthuridae Aca 7 
Herbivores and 

planktivores 

Wrasse Labridae Lab 15 
Carnivorous and 

planktivores 

The data provided by CCC included the geographic coordinates of the start and end 

points for every 100m sections. Those points were imported into a shapefile and 

projected to UTM zone 60S using ArcGIS (ESRI ArcGIS v9.1). Substrate and fish data 

were recorded for each section and thus identical information were attributed to the start 

and end points. Mean centre spatial statistic function was applied on the start and end 

points in order to obtain one point for each section (ESRI 2005). A total of 311 points 

                                                
1 Plymouth Routines in Multivariate Ecological Research, PRIMER-E version 6 
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were obtained spreading across 22 reef units (Table 2.2). Some qoliqoli where transects 

were surveyed did not correspond to a single geomorphological reef unit and thus data 

were combined in order to be more ecologically relevant. 

Table 2.2 Number of transect sections per reef unit for which substrate and fish data were 
available. The codes will be used as referring to the reef units.

Reef unit name 
Reef unit 

code 
No. of 

sections 
Reef unit name 

Reef unit 
code 

No. of 
sections 

Komave CA 12 Korotogo NT 12 

Namatakula CI 12 Malevu NV 12 

Voua KA 9 Vatukarasa OR 12 

Malomalo KO&MA 36 Yadua 1 RA 15 

Cuvu LA 18 Yadua 2 RO 11 

Naboutini 1 NB 3 Nasigatoka SG 12 
Naboutini 1& 

Namaqumaqua 1 
NB&NM 15 Tagaqe TA&VA 24 

Nodaulau ND 18 Vatikulelima VI 12 
Nagasau & 
Votualailai 

NG&VL 24 Votua VO 12 

Nadruku NK 12 Saumua VT 12 

Namaqumaqua 2 NM 6 Namada VU 12 

Transects, substrate and fish data were organized in a MS Access database created to 

store the data and facilitate the extraction of information. Tables were imported from MS 

Excel and relationships were created between each of them (Figure 2.4). 
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Figure 2.4 Relationships established between the tables of data within the MS Access 
database. 

The database consisted of six primary tables for the transects, the mean centre sections, 

the fish species abundance, the fish family abundance, the substrate percentage cover and 

the habitat type. They were all related through the primary key field giving a unique data 

identifier. 

Data on fish families and habitat type were then imported into the GIS using the “create 

X,Y” function in ArcGIS. Point shapefiles including attributes for each mean centre 

section were generated and used for the habitat mapping and the fish community 

modelling. 
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2.3 IMAGE PROCESSING AND HABITAT MAPPING 

2.3.1 Image data 

The satellite image used for this study was acquired by the sensor ETM+ (Enhanced 

Thematic Mapper) on board of Landsat 7 on 15th May 2000. The scene (path 75, row 73) 

covers an area of about 33,300 km², showing the southern coast of Viti Levu from 

Lomawai village to Korovou bay and Vatulele Island (Figure 2.5). Although the scene 

cloud cover was high (60%), the coastal zone was clear enough to use it for mapping 

purpose. The image was furnished by the Institute of Applied Science, USP, already in an 

ERDAS Imagine compatible format (‘.img’) and georeferenced to the coordinate system 

UTM 60S. 

Figure 2.5 Path 75 row 73 Landsat 7 ETM+ used for the Coral Coast habitat mapping. 

The image pre-processing process consisted of creating a subset to reduce the file size 

and then masking out the land and the deep water areas in order to apply the classification 

process only on area of interest i.e. the reef (Figure 2.6). First, the image was imported 

into the ArcGIS to digitize the study area and the land. The corresponding polygons and 
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the image were then imported to ERDAS Imagine v9.1 which was used to create the 

subset and for the first stage of image classification. 

Since the Landsat scene covered the whole study area, a unique image was used and thus 

it did not appear necessary to carry out geometric or radiometric corrections. In addition, 

the objectives of this project do not involve any temporal analysis which, if it were the 

case, would need image corrections (Green et al. 2000). 

2.3.2 Development of the habitat classification scheme 

A classification scheme was developed to identify and define the reef habitats along the 

Coral Coast and is further referred to as the Coral Coast Reef Habitat Classification 

(CCRHC). After review of the literature, it appeared that a classification scheme should 

be systematic and hierarchical (Mumby & Harborne 1999b). In addition, most of the 

schemes include both geomorphological and ecological features in the definition of the 

habitat classes. The CCRHC was developed by examining schemes previously made for 

other coastal tropical regions and particularly the one created for the U.S. Pacific 

territories by CCMA-NOAA. In addition, the CCRHC was improved after consultation 

with people having field knowledge of the region and was modified once throughout the 

image classification process. 

The CCRHC was adapted to meet the Coral Coast reef environment characteristics but 

also anticipating that the mapping would be done with a Landsat ETM+ image which has 

spectral and spatial resolution limitations. Indeed, the CCMA-NOAA classification 

scheme has been developed considering that it will be applied to high resolution Ikonos 
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imagery. Landsat ETM+ provides images with a spatial resolution of 25 m whereas 

Ikonos images are composed of 4 m pixels. Therefore, the descriptive resolution of the 

CCRHC scheme has been simplified compared to that of CCMA-NOAA. Although this 

scheme was built to map the shallow-water benthic habitats of Pacific Islands, some 

geomorphological zones such as the outer reef slope were not identifiable on the Landsat 

image and were thus removed from the scheme. 

Habitat types were defined by the geomorphological zone and the predominant benthic 

structure or biological cover. A simple quantitative component was incorporated with 

arbitrary percentage cover thresholds. With regard to the importance of biotic substrates 

for the fish and invertebrate communities; coral, seagrass and macroalgae were 

considered to dominate from 20% cover of the transects whereas a threshold of 50% was 

assigned to the abiotic categories (mud, sand, rubble and bedrock). 

2.3.3 Image classification process 

The image classification and mapping process were done through unsupervised 

classification, visual interpretation and contextual editing (Figure 2.2 and Figure 2.6). 

Using ERDAS Imagine (v.9.2), an unsupervised classification was first applied to the 

subset image with 30 classes. Considering the number of classes defined by the CCRHC 

scheme it appeared that an unsupervised classification with 20 classes was more useful 

and relevant. A second cluster was thus applied with only 20 classes. A neighbourhood 

filter was then used to reduce the speckle of the resulting classification (Leica 

Geosystems 2005). The raster grid was converted to a polygon vector file which was 
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imported in a coverage format into ArcGIS where it was subsequently transformed into a 

shapefile. 

Programme Process Settings 

   
ERDAS Imagine 

Image subset - Study 
area 

Unsupervised 
classification 

• 20 classes 
• 10 iterations 
• Convergence threshold: 0.950 

Raster image 
classified 

Majority Filter • Function: Majority 
• Window size: 3x3 

Conversion Raster to 
Vector 

ESRI ArcGIS ESRI 
Shapefile 

Figure 2.6 Workflow of the Landsat image pre-processing. 

From then, the identification of habitat type distribution was done using ArcGIS. The 

geomorphological classes were first attributed to the polygons by using the location query 

tools between the vector layer containing the zones and the classified layer. Then, by 

overlaying the substrate point layer, the biological attributes of the class codes were 

identified using location queries and visual interpretation. Some classes were merged; 

others were split and each polygon had its habitat type assigned within the attribute table. 
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Afterwards, contextual rules were used to identify misclassified polygons and improve 

the map accuracy. Contextual editing is defined by Green et al. (2000) as being the 

application of common sense to habitat mapping. It consists of defining rules based on 

global knowledge of habitat type distribution within a reef. For instance, a seagrass 

polygon located on the back reef is likely to be misclassified because of the unfavourable 

physical environment such as wave and current exposure. Adding contextual rules to a 

classification process generally improves the accuracy of the habitat maps and especially 

for those made from Landsat satellite images (Groom et al. 1996). 

2.3.4 Accuracy assessment 

The usefulness and therefore value of habitat maps are conditioned by the thematic 

accuracy which provides quantitative information on how precisely the map represents 

the reality of the field. Without accuracy assessment, a habitat map is unlikely to be 

utilizable for managers or research projects. 

Field data were collected especially for the accuracy assessment of the final map 

produced for the Coral Coast. Ground truth points were collected from the Naboutini reef 

unit where, on the map, nearly all the classes of habitat were found. Random control 

points for each of the habitat types present were located into the GIS using the Hawth’s 

Tools (Spatial Ecology n.d.) extension and the coordinates were uploaded into a GPS 

device. In the field, points were reached by either walking or with a boat depending on 

the tide condition and the accessibility of the site. The type of habitat was then 

determined by visual estimation within a 30 m radius from the point. 
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The habitat map accuracy was determined using an error (also called confusion matrix) 

that utilises three measures: overall accuracy, user accuracy and producer accuracy 

(Lillesand et al. 2004). The overall accuracy is the proportion of ground control points 

correctly classified. This gives an idea of the level of accuracy for the whole map. The 

user and producer accuracies are calculated for each individual class of habitat which is 

particularly useful because types of habitat are often differently captured by remote 

sensors. The user accuracy is the probability that a classified pixel actually represents that 

class in the field. The producer accuracy is the probability that any of the pixels of one 

class has been correctly classified. 

2.4 REEF FISH DATA ANALYSIS AND MODELLING 

2.4.1 Multivariate analysis 

Fish community patterns were explored at two different spatial scales; for the whole 

Coral Coast area and for each of the reef units. In 1998, Sale published an article to draw 

the attention of coral reef ecologists to the effect of scale on study conclusions and the 

necessity to consider spatial scales within sampling designs and analysis. Reef fish 

assemblages are multi-scalar because individuals occupy various space extents at 

different stages of their life and even on a daily basis for some species (Sale 1998). For 

this study, fish community patterns were thus considered on two scales to avoid 

misinterpreting the results. The regional and broad scale corresponded to the whole study 

area and thus the complete data set while the reef unit and local scale related to the group 

of transects for each reef unit. 
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Multivariate analysis of the fish data were performed using the routines provided by the 

PRIMER v6 software. To compare fish community patterns, similarity matrices were 

based on the Bray-Curtis similarity coefficient. Such matrices give the degree of 

similarity between every pair of samples. These matrices were then used in undertaking 

clustering, ordination and statistical significance tests. The Bray-Curtis similarity 

coefficient has been widely used in ecological community studies because it has the 

advantage that it considers both the number of species and the number of individuals of 

each species. The level of similarity is given on a percentage scale with a similarity of 

zero if the two samples have no species in common and 100 if they are identical i.e. the 

same abundance of the same species (Clarke & Warwick 2001). 

To identify groups of similar fish assemblages, hierarchical clustering with group-average 

linking was used. Clustering is equivalent to classifying samples according to their 

similarity and thus defining groups on the basis of their common characteristics. The 

result of clustering is usually shown with a dendrogram which is a graphical display 

facilitating the interpretation of similarity coefficients. There are various clustering 

methods of which the hierarchical agglomerative has proven to be the most appropriate 

for identifying ecological community structures (Clarke & Warwick 2001). 

Non-metric Multi-Dimensional Scaling (MDS) was used as a complement to the 

clustering to examine the patterns of the fish community abundances. MDS is an 

ordination method which graphically represents the sample according to their rank of 

similarity relative to the other samples (Clarke & Warwick 2001). The distance between 

samples reflects the similarity of their assemblages. The MDS plot is associated with a 

measure of goodness of fit called stress value, which allows the evaluation of the 
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adequacy of the representation. A stress value lower than 0.1 generally indicates a good 

fit whereas above 0.2 there is a potential of misinterpreting the plot. 

Investigation of the effect of habitat type on fish family abundance was done with the 

ANOSIM significance test. The ANalysis of SIMilarity test is based on the similarity 

matrix and compares the fish assemblage composition of samples to examine statistical 

differences between them (Clarke & Warwick 2001). This routine gives a Global R on a 

scale from -1 to 1 which indicates the degree of discrimination between groups of 

samples. If R=1, all the replicates within a group are more similar to each other than any 

replicates from different groups whereas R close to zero indicates that groups are very 

similar. Negative R values indicate that inter-group similarity is higher than intra-group 

similarity. The null hypothesis tested is that there is no difference between groups of 

samples. The significance level is given by the p value which allows the null hypothesis 

to be rejected if p<5% or p<0.05 at the 95% confidence interval. 

To identify the characteristic families of each habitat type SIMPER (SIMilarity 

PERcentage) analysis was applied to the data. SIMPER allows the identification of 

typical variables through calculating their average contribution within a group of samples 

and their standard deviation indicating the evenness of their contribution to the similarity 

(Clarke & Warwick 2001). A family was thus determined as characteristic to a habitat 

type when it showed a high contribution to the similarity and a low standard deviation. 

SIMPER also provides information on the discriminating variables between groups of 

samples. It is based on the average dissimilarity between groups and gives the average 

contribution from each variable. A good discriminating family between two types of 
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habitat was identified with a high mean contribution to the inter-group dissimilarity and a 

low standard deviation to the contribution within groups. 

2.4.2 Spatial modelling 

Spatial modelling of reef fish abundance was done at the reef unit scale. With the 

geomorphological nature of the Coral Coast reefs having numerous channels interrupting 

the reef flat, it appeared inappropriate to create continuous extrapolation surfaces and to 

include the channels within the modelling process. 

Modelling was based on the results of the multivariate analysis which allowed us to 

identify which fish family distribution was influenced by which type of habitat but also 

where these patterns were observed. The modelling was focused on fish families which 

were found to be discriminated by the habitat types. 

Using the co-Kriging method, several extrapolation models were tested by setting 

different parameters such as the lag number and size or the searching neighbourhood 

shape and methods (Johnson et al. 2001). They were compared using their cross-

validation results. This provided information on the statistical performance of the model 

in predicting fish abundance values. A model was qualified as good if the mean 

prediction error is close to zero, the root-mean-square standardized prediction error is 

close to one and the root-mean-square prediction error is small. These measurements 

indicate, respectively, unbiased predictions, accurate standard errors and predicted values 

similar to the measured values (Johnson et al. 2001). The best models obtained for each 
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family and reef unit were then selected and the surface maps were converted into polygon 

layers. 
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CHAPTER 3: RESULTS 

3.1 HABITAT MAP OF THE CORAL COAST REEF 

3.1.1 Coral Coast Reef Habitat Classification scheme 

The CCRHC scheme was characterized by four hierarchical levels based on the reef 

geomorphology and the type of benthic cover (Figure 3.1). Within the study area only 

one geomorphological reef type occurs and thus the attribute ‘fringing reef’ was 

considered as implicit in the scheme. The primary level defined the main 

geomorphological zones of the reef system such as reef flat or channel.  Then, classes 

were distinguished according to the type of substrate in the sense of hard or 

unconsolidated bottom which was further divided into biotic or abiotic coverage 

categories. Biotic signified that the bottom was colonized by living organisms which 

covered at least 20% of the area. Conversely, the substrate was considered as abiotic 

when areas were characterized by at least 50% of uncolonized bottom. The last level 

identified seven types of habitat of which three were biotic and four abiotic. 

The Coral Coast fringing reef was divided into five geomorphological zones. The 

shoreline-intertidal zone is delineated by the high and low tide water line levels. It is 

followed by the reef flat which is a shallow and wide area terminated by the reef crest 

where oceanic waves break. The reef slope is a very steep and narrow area which forms 
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the seaward end of the reef system. Channels cutting across the reefs are an additional 

distinct geomorphological zone. 

Figure 3.1 The Coral Coast Reef Habitat Classification scheme. 

Coral habitat was defined as a substrate colonized by any species of hard or soft coral 

which cover at least 20% of an area. Similarly, macroalgae (including brown, red and 

green) and seagrass classes corresponded to a substrate covered by species of these 

submerged vegetations. Rubble was defined as unstable dead coral pieces. Mud areas 
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were covered by fine sediment which remains suspended when disturbed. Sand consisted 

of more coarse sediments. Bedrock corresponded to exposed bare substratum often made 

of solid carbonate rock. 

Since the classification scheme has been built for a mapping application, it included also 

two classes named “other”. Anticipating the presence of islets within the reef, one class 

has been created for the land zones and another one named unknown for the areas which 

cannot be identified from satellite imagery such as the areas lying under clouds, cloud 

shades or wave-breaks. 

3.1.2 Reef habitats distribution 

Habitats of the reef crest could not be mapped due to the wave-breaks preventing the 

distinction of the bottom features and the absence of field data for this zone. Moreover, 

most of the mapping effort was focused on the reef flat zone because of its importance in 

terms of marine resources. None of the transects were surveyed within the shoreline-

intertidal zone and thus the habitat classification of this zone was purely based on visual 

interpretation.  

According to the results from the map, the whole fringing reef system had a spatial 

coverage of 61 km² excluding the outer reef slope (Table 3.1). Based on the Landsat 7 

ETM+ image, four out of five geomorphological zones from the classification scheme 

could be digitized, identified and their surfaces calculated. It was estimated that the reef 

flat of the Coral Coast covered an area of 45 km². 
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Table 3.1 Extents of the Coral Coast reef geomorphological zones.

Geomorphological zones Area (km²) 

Shoreline-intertidal 6 
Reef flat 45 
Reef crest 4 
Channels 6 
Total 61 

The global habitat composition of the Coral Coast reef system appeared to be strongly 

dominated by two types: macroalgae and rubble (Figure 3.2). Habitat dominated by 

macroalgae alone covered 33% of the area, that dominated by rubble occupied 31% 

whilst a mixed class of macroalgae and rubble covered 22% of the total area. Thus these 

three classes together accounted for 85% of the total reef flat area. Sand areas occupied 

4.96 km² corresponding to about 11% of the reef flat. According to the habitat map, coral 

and seagrass distributions were very sparse comprising 1.21% and 0.78% of the reef flat 

area respectively. By considering the surface of mixed types including these two habitats 

such as macroalgae/coral and macroalgae/seagrass, their occurrence still appeared low. 

Bedrock seemed to be nearly non existent with an area of about 0.05 km². 
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9.70; 22%

13.46; 31%

13.91; 33%

0.05; 0%
0.53; 1%

0.12; 0%

0.34; 1%
0.40; 1%

4.96; 11% Macroalgae

Rubble

Rubble/Macroalgae

Sand

Coral

Macroalgae/Coral

Seagrass

Macroalgae/Seagrass

Bedrock

Figure 3.2 Habitat composition of the Coral Coast reef flat. Values indicate areas (km²); 
and the proportion of the entire Coral Coast reef flat. 

The visual interpretation of the habitat map suggested that there was a gradient of habitat 

types from the crest to the shoreline (Figure 3.3, Figure 3.4 and Figure 3.5). Generally, 

the back of the reef crest was characterized by a macroalgae dominated zone which was 

followed by a rubble strip. Landward, macroalgae appeared again to occupy a part of the 

reef flat in combination with rubble. These patterns were particularly apparent at 

locations where the fringing reef was wider allowing, in addition, the presence of a sand 

strip before the shoreline zone (e.g. reef unit NK, Figure 3.5). 
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Figure 3.3 Coral Coast geomorphological and ecological habitat map: western section
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Figure 3.4 Coral Coast geomorphological and ecological habitat map: central section.
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Figure 3.5 Coral Coast geomorphological and ecological habitat map: eastern section.
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Coral dominated zones were found at 11 locations along the Coral Coast. These zones 

covered an average area of 0.07 km². Zones dominated by coral did not show a specific 

distribution pattern. Three of them were identified at the back of the reef crest while six 

areas were located in the middle of the reef flat and two at the limit of the shoreline zone. 

The map identified six patches covered by more than 20% of seagrass of which the 

average area of each patch was 0.05 km². They were located within the reef flat zone 

mainly in the eastern and western parts of the study area separated by a gap of about 29 

km without any seagrass habitat. 

In addition, the habitat map allowed the examination of the flat reef habitat composition 

and distribution at the reef unit scale. The table 3.2 and the figure 3.6 summarize the 

habitat composition of the 22 reef units which had an average surface of 1.81 km². 

Between three and seven different habitat types were identified within the reef units. 

In terms of absolute area, macroalgae was the most represented in NT with 1.29 km² and 

the least in VT with 0.19 km². The largest zones of rubble, macroalgae/rubble and sand 

were found in NK with 1.79, 2.39 and 2.69 km² respectively. RO had the highest cover of 

seagrass habitat (0.19 km²) which was present in only six reef units. Macroalgae/coral, 

coral and bedrock zones were the largest in the same reef unit (KO & MA). It appeared 

that coral patches were found in only six reef units. 
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Table 3.2 Habitat type surfaces within each reef unit (km²). 
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In order to compare the habitat distribution in the 22 reef units, the surfaces of each 

habitat type were considered as a percentage of the total area (Figure 3.6). Different 

patterns of distribution were observed for four classes. Macroalgae and rubble habitats 

seemed to have the highest contributions in OR and VU respectively covering more than 

80% and 44% of the reef units. The highest percentage of the mixed class 

macroalgae/rubble was found in ND while coral occupied the largest part of the 

composition in LA. 

By ordering the reef units according to their location along the Coral Coast from west to 

east, it can be perceived that the contribution of macroalgae in the habitat composition 

tended to first increase eastward and then decrease with a peak at the location of OR. 

Inversely, macroalgae/rubble and sand covers seemed to expand from the centre to the 

eastern and western part of the reef system.  

The reef units were classified into three size categories (small: less than 1 km²; medium: 

between 1 and 2 km²; large: more than 2 km²) in order to investigate whether the area was 

a factor explaining the variation of habitat composition. An MDS ordination suggested 

that reef units of small and medium sizes were likely to have a more similar habitat 

composition between each other than compared with large reef units (Figure 3.7). This 

pattern was tested using one-way ANOSIM which indicated a high significant difference 

between groups of different sizes (p=0.007, R=0.283). 
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Figure 3.6 Habitat composition on the reef flat of the 22 reef units along the Coral Coast.
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Figure 3.7 MDS plot of the habitat composition of the Coral Coast reef units. The dashed 
line corresponds to a level of 60% of similarity between the reef unit habitats. 

The ANOSIM pair wise tests specified that differences in habitat composition were 

particularly significant between large and small and between large and medium reef units 

(Table 3.3). 

Table 3.3 Results of the ANOSIM pair-wise tests showing significant differences among 
reef units of different sizes. Confidence intervals are represented by asterisks as follow: * 
95%; ** 99.9%.

Pair wise Tests R value p value 

large vs. small 0.533 0.002** 

large vs. medium 0.41 0.01* 

medium vs. small -0.029 0.565 

3.1.3 Map accuracy 

A total of 105 ground check points were collected at Naboutini including 15 points for 

each of the seven habitat classes assessed within the shoreline and reef flat zones (Figure 
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3.8). According to the map the reef flat of NB was covered by macroalgae, 

macroalgae/seagrass, rubble, rubble/macroalgae, sand and seagrass habitats. In addition, 

sand polygons were assessed within the shoreline zone. 

Figure 3.8 Habitat map of Naboutini qoliqoli with field points surveyed to assess the 
accuracy of the classification. 

Out of the 105 surveyed points, 36 were correctly classified and thus the overall accuracy 

of the map at NB was estimated at 34.3%. However, it appeared that some classes were 

mapped with a higher accuracy (Figure 3.9). Macroalgae areas had the highest user 

accuracy (84.6%) while seagrass had the highest producer results (86.7%). Mixed classes 

such as rubble/macroalgae and macroalgae/seagrass were fairly accurately mapped with a 

user accuracy of 50.0% and 37.7% respectively. Sand and rubble habitats at NB seemed 

to have been entirely misclassified since none of the field points corresponded to the map 

classification. The whole area initially classified as sand dominant appeared to be 

additionally covered by macroalgae. The ground check points assessing the rubble habitat 
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have proved to correspond to a number of different habitats such as rubble/macroalgae or 

seagrass. These observations and their potential explanations are discussed later in 

Chapter 4. 
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Figure 3.9 Producer and user accuracies of the habitat classes mapped at Naboutini.

3.2 SPATIAL PATTERNS OF THE CORAL COAST FISH COMMUNITIES 

3.2.1 Fish assemblage structures 

The Coral Coast fish community was dominated by the Labridae family which accounted 

for 58.3% of the total abundance (Figure 3.10). Scaridae and Acanthuridae had a similar 

contribution to the community with 13.8% and 13.5% respectively. Abundance of 

Chaetodontidae represented 6.6% while Siganidae and Serranidae respectively accounted 

for 4.1% and 2.5%. It appeared that three families (Mullidae, Lethrinidae and Lutjanidae) 

were barely represented with a percentage equal or lower than 1%. 
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Figure 3.10 Coral Coast average density of selected fish families and their contribution. 
Bars symbolize the percentage contribution to the regional community and black triangles 
represent the mean density per 500 m². (See Table 2.1 for fish family names). 

Analysis at the reef unit scale indicated that the family abundances were not evenly 

distributed along the Coral Coast. Although the variation in terms of number of families 

recorded was rather low (between seven and nine), the mean abundance of fish varied 

substantially since an average of 37 fishes / 500 m² were counted at NM while only 8 

fishes / 500 m² were counted at RO (Figure 3.11). 
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Figure 3.11 Average abundance of fishes recorded per section (500 m²) for every reef 
unit of the Coral Coast (See Table 2.2 for reef unit names). 
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The reef unit NM had five of the highest family mean fish density including 

Acanthuridae, Chaetodontidae, Labridae, Mullidae and Lethrinidae (Table 3.4). The other 

four families were the most abundant at VI (Serranidae), NK (Lutjanidae), LA (Scaridae) 

and NB (Lethrinidae). Most of the families were consistently present along the Coral 

Coast except Siganidae, Lutjanidae, Lethrinidae and whose abundance was nil at one, 

four and five reef units respectively. 
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Table 3.4 Fish family mean density per section (500 m²) at each reef unit along the Coral 
Coast. 
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CLUSTER analysis indicated that most of the reef units (17) were inhabited by fish 

communities being more than 80% similar. However, three distinct clusters were present 

which were supported by the MDS plot (Figure 3.12). The largest cluster was comprised 

of 15 reef units which were characterized by a level of similarity greater than 70%. Five 

others reef units formed the second cluster with about 69% of similarity among their fish 

communities.  The third cluster included RO and NB with a level of similarity of about 

63%. 
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Figure 3.12 CLUSTER dendrogram and MDS plot of the reef unit fish communities. 
Similarity was calculated from the Bray-Curtis index. Contours in the MDS plot 
correspond to a level of similarity of 60%.

Given the large number of transects (311), the results of the clustering and ordination at 

smaller scale were complex to interpret visually (Figure 3.13). In addition, the CLUSTER 

analysis revealed that, at the regional scale, most of the samples were more than 80% 

similar. The MDS plotted the samples with a stress value of 0.13 which indicated that the 

representation was of good quality. By plotting the dominating habitat, it was possible to 
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investigate whether it had an influence on the fish community similarities. Although a 

large majority of the samples were dominated by macroalgae, the MDS plot suggested 

that communities living in coral and seagrass might be different to macroalgae. 

Habitat
macroalgae
coral
seagrass
rubble
sand
bedrock

2D Stress: 0.13

Figure 3.13 MDS ordination of fish communities at the 311 samples sites. Each symbol 
corresponds to one sample with its dominating habitat. The contours show the group of 
habitat which suggested that fish communities were dissimilar.

3.2.2 Effect of habitat composition on fish communities 

The trend in fish community distribution suggested by the exploratory analyses was 

confirmed by the statistical ANOSIM test. Applied to the whole set of abundance data 

with habitat as factor, ANOSIM results showed that there was a strongly significant 

difference between the fish communities (Global R=0.116, p= 0.001). 

When the pair-wise tests were examined, it appeared that fish community structures were 

significantly dissimilar between five pairs of habitats out of the 15 tested (Table 3.5). 
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Differences were highly significant for macroalgae vs. sand (p=0.001), seagrass vs. live 

coral (p=0.001) and rubble vs. sand (p=0.003). In addition, fish communities found 

within coral and within rubble habitats had significantly different structures compared to 

the one living in sand and seagrass dominated areas respectively. 

Table 3.5 Results of the ANOSIM analysis testing for differences in fish abundance 
between habitat types. Global R=0.116 and p=0.001. Confidence intervals are represented 
by asterisks as follow: * 95%; ** 99.9%. 

Pair-wise tests R value p value 

macroalgae vs. sand 0.46 0.001** 
seagrass vs. live coral 0.558 0.001** 
rubble vs. sand 0.291 0.003** 
live coral vs. sand 0.182 0.026* 
rubble vs. seagrass 0.169 0.044* 
macroalgae vs. seagrass 0.163 0.052 
macroalgae vs. live coral 0.141 0.085 
rubble vs. live coral 0.119 0.105 
seagrass vs. bedrock 0.283 0.212 
macroalgae vs. rubble 0.038 0.23 
live coral vs. bedrock 0.141 0.309 
macroalgae vs. bedrock 0.062 0.343 
seagrass vs. sand 0 0.417 
rubble vs. bedrock 0.01 0.429 
sand vs. bedrock -0.186 0.8 

Although the previous tests indicated that fish abundance was dictated by the dominating 

habitat in some cases, these patterns were not found when data were examined at the reef 

unit scale. Indeed, ANOSIM analysis was applied separately to each of the reef units and 

out of the 22, only two had significant different fish communities influenced by habitat 

types. Fish communities within NK were significantly different among macroalgae and 

sand habitats while in the reef unit KO & MA, variations were observed between 

macroalgae and bedrock dominating habitats (Table 3.6). 
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Table 3.6 ANOSIM results of habitat type influence on fish communities at the reef unit 
scale. Only the significant results are shown here. Confidence intervals are represented by 
asterisks as follow: * 95%; ** 99.9%.

Reef unit NK KO&MA 

Global R 0.673 0.362 
p value 0.001** 0.015* 
   
Pair-wise tests macroalgae vs. sand macroalgae vs. bedrock 

R value 0.875 0.438 
p value 0.029* 0.04* 

Results of the SIMPER analysis provided elements to comprehend qualitatively and 

quantitatively how the habitat types affected the fish abundance (Table 3.7). Only the 

significant pair-wise ANOSIM tests were examined in order to estimate the characteristic 

fish families responsible for the dissimilarity. 

It appeared that Labridae had the highest contribution to the inter-group dissimilarity and 

that the order of percent contribution of the families was the same in all of the pair-wise 

results. Dissimilarity of fish communities between macroalgae and sand habitats was due 

to the high abundance of Labridae in sand areas (52.6% contribution). Scaridae and 

Acanthuridae had a comparable level of contribution and together with Labridae 

explained 81% of the inter-group dissimilarity among macroalgae and sand.  

Three pair-wise tests (macroalgae vs. sand; rubble vs. sand; rubble vs. seagrass) showed 

that the contribution to the dissimilarity was dominated by Labridae while in the two 

others, the contribution were more evenly distributed among Labridae, Scaridae and 

Acanthuridae families. Regarding the high ratios and percent contributions, Scaridae and 

Acanthuridae can be considered as discriminating families of the groups seagrass vs. 

coral and coral vs. sand.  
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Table 3.7 SIMPER analysis of fish community dissimilarities between habitat types. 
Significantly different groups of habitats are shown here. 

Average 
abundance 

Average 
abundance 

Average 
dissimilarity Ratio Percent 

contribution 
Cumulative 

percent 

Groups macroalgae & 
sand Average diss.=59.75     

 macroalgae sand     

Labridae 108.89 64.5 31.41 1.57 52.57 52.57 
Scaridae 20.98 16.36 8.92 0.93 14.93 67.51 
Acanthuridae 23.65 9.21 8.07 1.05 13.5 81.01 
Chaetodontidae 10.73 7.57 4.43 0.98 7.42 88.43 
Siganidae 8.22 4.43 3.35 0.73 5.6 94.03 
       
Groups seagrass & 
coral Average diss.=62.41     

 seagrass coral     

Labridae 76.3 142.89 19.32 1.35 30.96 30.96 
Scaridae 5 75.56 16.57 1.78 26.54 57.5 
Acanthuridae 0.8 72.67 14.81 2.1 23.73 81.23 
Chaetodontidae 3 21.22 4.27 1.63 6.84 88.07 
Siganidae 5.4 10.89 2.7 1.02 4.33 92.4 
       
Groups rubble & sand Average diss.=58.96     
 rubble sand     

Labridae 93.77 64.5 28.35 1.51 48.07 48.07 
Scaridae 27.53 16.36 11.53 1.12 19.55 67.63 
Acanthuridae 22.07 9.21 7.63 1.04 12.94 80.56 
Chaetodontidae 10.73 7.57 4.68 1.18 7.94 88.51 
Siganidae 5.7 4.43 2.9 0.91 4.91 93.42 
       
Groups coral & sand Average diss.=64.97     
 coral sand     

Labridae 142.89 64.5 24.52 1.57 37.75 37.75 
Scaridae 75.56 16.36 15.8 1.56 24.32 62.07 
Acanthuridae 72.67 9.21 13.26 1.65 20.41 82.48 
Chaetodontidae 21.22 7.57 4.09 1.47 6.29 88.78 
Siganidae 10.89 4.43 2.59 0.98 3.98 92.75 
       
Groups rubble & 
seagrass 

Average diss.=51.51     

 rubble seagrass     

Labridae 93.77 76.3 23.29 1.31 45.21 45.21 
Scaridae 27.53 5 10.28 1.13 19.96 65.16 
Acanthuridae 22.07 0.8 7.25 1.06 14.07 79.23 
Chaetodontidae 10.73 3 3.86 1.03 7.49 86.72 
Siganidae 5.7 5.4 3.17 0.99 6.15 92.87 

Note: “Average abundance” is the average abundance of fish per sections (500 m²); “Average contribution” 
represents the average contribution of the family to the average dissimilarity between habitats; Ratio= 
average dissimilarity/standard deviation; Percent contribution=average contribution/average dissimilarity 
between habitats 
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3.3 MODELLING REEF FISH COMMUNITIES 

3.3.1 Model results 

Based on the results of the multivariate analyses, it was decided to focus the spatial 

modelling on the fish families which displayed the strongest patterns in their relationship 

with habitat types. Surface predictions of abundance were thus created for three families: 

Labridae, Acanthuridae and Scaridae. 

Two models were tested for each family at each reef unit (Table 3.8). Labridae 

distribution was predicted at two reef units, NB & NM and RA where seagrass habitats 

have been mapped. Modelling of Acanthuridae and Scaridae abundance was performed 

based on coral cover and thus at four reef units. Models including data on the three biotic 

habitats (seagrass, macroalgae and coral) were as well developed in order to investigate 

whether considering additional habitat characteristics improved the results. 
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Table 3.8 Results of the cross-validations of the fish abundance models. Models based on 
“3 habitats” included seagrass, macroalgae and coral covers. 

Model 
Reef 
unit 

Mean 
Root-
mean-
square 

Average 
standard 

error 

Mean 
standardized

Root-mean-
square 

standardized
Labridae + 
Seagrass NB&NM -1.5460 50.46 49.74 -0.0288 1.0110 

RA 0.2362 63.39 62.76 0.0057 1.0180 
Labridae + 
3 habitats 

NB&NM -0.6963 49.95 50.10 -0.0111 0.9924 

 RA 1.2590 60.49 63.42 0.0103 0.9531 
Acanthuridae + 
Coral 

KO&MA 0.0582 29.28 30.37 0.0012 0.9634 

 LA 0.0989 44.16 45.06 -0.0002 0.9870 
 ND 0.0092 25.31 23.89 0.0025 1.0570 
 NG&VL -1.4490 24.71 24.70 -0.0554 0.9985 
Acanthuridae + 
3 habitats KO&MA 0.0602 28.79 29.69 0.0000 0.9690 

 LA 0.1048 44.10 45.03 -0.0001 0.9868 
ND 0.0077 22.18 23.08 0.0009 0.9623 

 NG&VL -1.0250 23.94 23.42 -0.0437 1.0220 
Scaridae + 
Coral 

KO&MA 0.0534 19.79 21.45 0.0018 0.9282 

 LA 0.0564 45.32 46.79 -0.0062 0.9723 
ND 0.0192 19.16 19.16 0.0009 0.9998 

 NG&VL -1.4950 31.42 30.77 -0.0442 1.0190 
Scaridae + 
3 habitats 

KO&MA -0.0083 18.56 17.97 0.0092 1.0360 

 LA 0.8361 43.10 48.03 0.0101 0.9155 
 ND 0.0547 17.65 17.96 0.0023 0.9867 
 NG&VL -1.3890 30.81 29.50 -0.0445 1.0430 

After various attempts at selecting different parameters, the best surface prediction was 

selected for each reef unit. Comparison between the models using cross-validation 

showed that the quality of the models was highly variable among families and reef units. 

Surface prediction of Labridae abundance appeared to be the more difficult to create with 

high accuracy since both of the models at NB & NM and RA were not satisfactory with 

mean prediction errors ranging from -1.546 to 0.236. However, prediction was best fitted 

at RA when only seagrass was included in the model.  
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Models of Acanthuridae and Scaridae seemed to provide better results at some locations. 

The best mean prediction errors were for both families found at ND whereas abundance 

predictions at NG & VL were considered incorrect. Considering the three habitat-based 

models of Acanthuridae, the two best models predicted abundance with an average 

standard error of 22 at ND and 29 at KO & MA. These uncertainties appeared to be 

overestimated since the root-mean-square standardized errors were less than one (0.962 

and 0.969). It seemed that the model quality was slightly improved with the integration of 

the three biotic habitat types. Mean prediction error of Scaridae abundance was lowest at 

ND with the coral based model. However, Scaridae abundance was estimated with an 

average standard error of 18 at ND based on the three habitat covers. The root-mean-

square standardized error was 0.9867 indicating a better assessment of the variability 

though there remained an apparent overestimation of abundance. Cross-validation results 

showed that Labridae and Scaridae predictions were of better quality when they were 

based on the specific habitat cover (e.g. seagrass and coral) while Acanthuridae three 

habitats models were the best fitted. 

3.3.2 Spatial prediction of fish abundance 

Prediction maps of the abundance distribution resulting from the best models were 

examined and compared to the habitat distribution (Figure 3.14). It involved the reef unit 

ND and prediction maps of Acanthuridae and Scaridae which, according to the results of 

the multivariate analyses, tended to be more abundant in coral dominated areas. By 

visually comparing the maps, it appeared that the predictive model of Scaridae did not 

accurately reflect this pattern since the highest fish abundance and the coral zones were 
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not at the same location. However, the prediction of Acanthuridae was likely to show the 

influence of the habitat type. 

Figure 3.14 Surface predictions produced by the two statistically best co-Kriging models 
of the Scaridae and Acanthuridae abundances at the ND reef unit. The habitat map is 
displayed for comparison. 
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CHAPTER 4: GENERAL DISCUSSION 

4.1 CORAL COAST REEF HABITAT DISTRIBUTION AND ITS MAPPED ACCURACY 

The Coral Coast Reef Habitat Classification scheme was characterized by a relatively 

coarse descriptive resolution with seven habitat categories. However, it was adapted to 

the spatial resolution of Landsat imagery which usually does not allow the identification 

of fine level of habitat types such as the quantitative distinctions of biotic percent covers 

(Mumby et al. 1997). 

According to the visual interpretation of the habitat map, it seemed that the Coral Coast 

fringing reef was strongly dominated by macroalgae and rubble habitats. Although 

macroalgae forms a part of the coral reef ecosystem, the level of cover such as the one 

observed in this study, is often characteristic of a certain status of degradation. The 

extremely low coral cover in combination with the substantial extent of macroalgae 

suggested that environmental conditions were more favourable to the latter. Coral growth 

is usually optimum within nutrient poor waters in addition to sufficient grazing from 

herbivorous fishes (Mumby 2006). In return, it has been established that macroalgae 

cover tends to develop when high levels of nutrients are found in the waters and when the 

grazer abundance is too low to regulate its growth. Therefore, the habitat patterns 
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observed in this study suggested that the Coral Coast reefs may be affected by abnormal 

levels of nutrient and by reduction of herbivorous fish stocks. 

Globally, the habitat distribution appeared to be relatively uniform along the Coral Coast 

reef. The mean number of different habitat types within each reef unit was 4.8 which 

indicated low habitat diversity. A majority of the reef units (9) exhibited the same four 

classes of habitats: macroalgae, macroalgae/rubble, rubble and sand. 

This consistency suggested that the reef units were under similar environmental 

conditions along the Coral Coast. The geomorphological characteristic may be an 

explanation since the Coral Coast is lined by a continuous fringing reef. In addition, it is 

interesting to observe that all of the reef units covered by less than five different habitat 

types were located east of the Sigatoka River mouth. This river drains a large 

hydrological basin and thus transmits important quantities of sediments and other land 

born materials into the coastal zone. These inputs may have an impact on the reef 

ecosystems by increasing the level of nutrients and pollutants which may affect different 

locations depending on the oceanographic conditions. However this needs further 

investigation since it is in contradiction with global currents in the South Fiji Basin which 

drift south-westward (Zann 1992). 

In addition, the variation in habitat composition along the Coral Coast seemed to be 

partly explained by the area of the reef units. A strong significant difference was found 

among habitat characteristics within large and small reef units. Large reef units (area > 2 

km²) tended to exhibit a higher habitat diversity including zones of coral or seagrass in 

addition to the common four habitat types. It may be possible that wider reef flats allow 
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higher variations in the physical conditions and therefore the development of diverse 

benthic covers. Alternatively, nutrients may be more diluted within large reef units 

preventing the growth of macroalgae beds. 

However, these patterns of habitat distribution must be moderated by the results of the 

accuracy assessment of the map which showed an overall accuracy of 34%. Some habitat 

classes may have been particularly misclassified. The results of the accuracy assessment 

showed that rubble and sand were entirely misclassified and thus suggested that the 

extent of these classes have been overestimated. In return, coral presence was identified 

in the field at several locations whereas it was not classified on the map indicating an 

underestimation of the coral cover. Similarly, bedrock dominated areas were mapped at 

only one location and covered a very small surface (0.05 km²) that seemed not 

representative of the reality of the field. 

The map accuracy may have been affected by the habitat classification scheme decisions. 

The threshold of 20% for coral, seagrass and macroalgae appears to be inadequate to the 

Coral Coast context. Owing to the widespread distribution of macroalgae, a threshold of 

40% may be more appropriate to this habitat class. In return, coral and seagrass would 

have been more represented with a threshold of 10%.

These classification uncertainties highlight the difficulty of visually identifying certain 

types of reef habitat on a Landsat image. This deficiency has been illustrated by other 

studies where rubble and rock substratum were often confused and thus were classified 

with a lower accuracy than sand areas for instance (Joyce et al. 2004). 
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The image processing methodology resulted in the creation of a habitat map with a 

relatively low overall accuracy. However, the accuracy assessment was conducted at one 

site which covered an area corresponding to less than 5% of the whole Coral Coast reef 

and a limited number of ground truth points were surveyed per habitat class. By 

increasing the sampling effort, it is likely that the overall accuracy may be better at some 

reef units and particularly the ones with lower habitat diversity. 

The level of map accuracy achieved in this study is however comparable to other results 

obtained from Landsat imagery. Although Andrefouët et al. (2003) were able to map up 

to 10 habitat classes with an overall accuracy of 56%, Green et al. (2000) using visual 

interpretation obtained an accuracy of 40% for eight classes. 

The low overall accuracy may be a consequence of the temporal gap existing between the 

date of image acquisition and the date of field data collection. Global events such as 

cyclone or coral bleaching can affect the seascape and thus the field data may be 

inappropriate and compromise the reliability of the accuracy assessment. Mass coral 

bleaching has occurred between 2000 and 2002 in Fiji. Up to 80% coral mortality was 

observed at the Great Astrolabe Reef, Beqa Lagoon, Suva Barrier Reefs, Northern Vanua 

Levu Reefs and Ovalau Reefs (Lovel et al. 2004). The Landsat image used here was 

acquired in mid 2000 while the field data were collected four years later and the ground 

truthing points surveyed in 2007. Habitats of the Coral Coast may have been affected by 

the coral bleaching which may have biased the overall accuracy. In addition, macroalgae 

being characterized by a high seasonal variation, the temporal gap between the image and 

the field data may affect the map accuracy. 
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Although the overall accuracy of the Coral Coast habitat map compromises its use for 

sophisticated studies such as temporal comparison of coral or seagrass cover 

degradations, it may be sufficient for community-based management purposes. Decisions 

on the delineation of tabu areas may be assisted by such a map. In addition, it is likely 

that the map is accurate enough to be used as background information for designing 

monitoring programmes. It has been, actually, already used in this context by other 

researchers who are working on assessing the marine resource values at selected sites of 

the Coral Coast. 

4.2 REEF FISH COMMUNITIES OF THE CORAL COAST 

The fish assemblages appeared to be strongly dominated by Labridae which were 

widespread and homogeneously distributed along the Coral Coast reefs. Most of the 

species forming this family are planktivorous or carnivorous feeding on invertebrates. In 

addition, Acanthuridae and Scaridae contributions to the fish communities were relatively 

important. Acanthuridae species have a broad diet with most of them being planktivorous 

or herbivorous. As for Scaridae, most of the species are herbivores, grazing turf and 

filamentous algae which generally limit their distribution to coral rich areas. 

Broad diets may explain the widespread distribution of Labridae and Acanthuridae in the 

sense that they are less affected by the food competition with others species. Siganidae 

are herbivorous, feeding on seagrass or algae and counted only for 4% of the global reef 

assemblage. This pattern was unexpected due to the wide extent of macroalgae observed 
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along the Coral Coast. The lowest abundances were characteristic of four families: 

Serranidae, Mullidae, Lethrinidae and Lutjanidae which are all mostly carnivores. 

Considering families, fish communities were characterized by a high level of similarity. 

A similar pattern was observed for the habitat composition which leads one to think that 

they may be linked. The limited variation among habitats at the regional scale may 

explain the high similarity between reef fish assemblages of the Coral Coast. An 

alternative explanation to the high fish community similarity may be the taxa level 

considered in this study which concealed the observation of species distribution variation. 

4.3 RELATIONSHIPS BETWEEN HABITAT AND FISH ABUNDANCE 

The results of the multivariate analyses indicated that part of the abundance variation was 

explained by the habitat types. It was particularly apparent concerning coral, seagrass and 

sand dominated areas. Although the fish community structures exhibited a high level of 

similarity amongst different habitats, Labridae, Acanthuridae and Scaridae appeared as 

discriminating families found associated with seagrass, coral and sand habitats. 

Seagrass rich areas were inhabited by fish assemblages almost exclusively composed of 

Labridae whereas communities found in coral habitat were characterized by a more 

heterogeneous structure with high abundance of Labridae, Acanthuridae and Scaridae. 

Clear patterns were less straightforward within others habitats such as macroalgae or 

rubble due to the consistent predominance of Labridae at all samples sites. However, the 

substantial abundance of Labridae may have concealed the statistical distinction of the 

habitat influence on less abundant families. 
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Habitat characteristics have been determined as influencing factors of reef fish 

communities because of their importance in terms of food sources and shelter 

possibilities. Here, the diet of the families is likely to explain their distribution among 

habitats with, for instance, the association between Scaridae and coral cover identified by 

the analyses. However, with such a large extent of macroalgae, it would be expected to 

find abundant Siganidae along the Coral Coast. As this pattern was not observed, it may 

be that other factors influenced the distribution of this family. Considering that most of 

the carnivore families were rarely found, the predation may not be a limiting factor for 

other herbivorous or planktivorous families. 

The shelter factor was not directly assessed since measurements of rugosity have not been 

collected but it can be implicit based on the habitat type. Coral areas through their higher 

rugosity generally offer better possibilities of shelter compared to macroalgae beds or 

sand covered zones.  

Most of the families exhibiting low abundances had in common the fact that they were 

highly targeted by the fishermen. Fishing pressure may thus explain the low abundance of 

Siganidae, Serranidae, Mullidae, Lethrinidae and Lutjanidae. Studies of the impacts of 

reef fisheries in Fiji have indicated that targeted species such as the Lethrinidae and 

Serranidae have been overfished and generally that the abundance of carnivores has 

decreased due to their exploitation (Ledua & Vuki 1998, Jennings & Polunin 1995). 

As presented earlier in the literature review, studies have shown that reef fish community 

organization is driven by a number of factors which differ depending on the species and 

the region investigated. Here, it was demonstrated that the habitat composition has an 
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influence on the fish communities of the Coral Coast but these observations may have 

been the results of other broader ecological processes such as fish recruitment or 

migration. 

Furthermore, temporal variation in fish assemblage structure has been observed on 

various reef systems and spatial variation centred studies have often been criticized for 

their lack of consideration of temporal variation (Ault & Johnson 1998). Although there 

may be a temporal scale effect on the Coral Coast fish community organization, it is 

difficult to estimate it because there has not been such study on this region or even in the 

Fiji Islands. 

In addition, it is important to consider that reef fish communities are affected by human 

pressure and management actions. A number of tabu areas have been established along 

the Coral Coast where it has been suggested that they bring about an increase of fish 

abundance (Cakacaka 2007). 

Investigations of the relationship between habitat composition and fish communities at 

two spatial scales showed different patterns of habitat influence. It appeared that habitat 

composition had impacts on the reef assemblages when examined at the Coral Coast scale 

but these were not found at the reef unit level. Gust et al. (2001) observed a similar 

pattern on the Great Barrier Reef where they conducted a multi-scale study of the spatial 

variation in Scaridae abundance and biomass. They found significant variations at 

regional (20 km) and local scales within hundred of meters though these variations were 

not significant at scales of 5 to 10 km. 
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It is possible that the scale effect on the results was a consequence of the sampling design 

used to collect the field data. Statistical analyses at the reef unit scale were based on a 

limited number of samples as small as three in the case of NB. In addition, the low 

diversity of dominating habitats is likely to have affected the results of the significance 

tests since not enough samples were available for each habitat group. As stressed by Sale 

(1998), experimental designs should be chosen carefully with particular attention paid to 

the grain and the placement of the samples due to the scale-dependence characteristic of 

the reef fish communities. However, one of the main goals of this study was to conduct it 

by using pre-existing data and thus control of sampling methodology was not possible. 

4.4 MODELLING REEF FISH ABUNDANCE THROUGH A GEOSTATISTICAL APPROACH 

The modelling of selected fish families using geostatistical methods provided contrasting 

results depending on the site and the families. It appeared that models were likely to 

create surface predictions of abundance at one specific reef unit (ND) for one family 

(Acanthuridae). It is possible that the level of spatial autocorrelation in reef fish 

distribution was too low to provide accurate models. In addition, the number of samples 

was a constraint preventing the modelling of fish abundance at several reef units. It 

suggests that additional field data may improve the model accuracy but it compromises 

the intent of the method which is to obtain results with a limited amount of field data. 

Prediction maps of Scaridae and Acanthuridae showed a narrow range of abundance 

variation across the reef unit. Such patterns are unlikely to occur in reality and when the 
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predicted values were compared with the measured ones, the variation was not reflected 

within the former.  

However, these interpretations have to be mitigated due to the fact that the models were 

only statistically assessed and lacked field validation. The results need to be compared 

with the reality of the field in order to rigorously answer the question of whether 

geostatistical methods are applicable to the reef fish community context. 

It has been argued that the tendency of the fish species to move and migrate influences 

the results of spatial variation models (Ault & Johnson 1998). They found that the best 

predictive models of fish density occurred for site-attached species such as the members 

of the Pomacentridae family (Damselfish). 

Reef ecologists have first conducted their research with the notion that fish communities 

were organized in an equilibrium system to later shift toward an approach which 

comprehends reef fish communities as an open non-equilibrium system (Sale 1991b). 

Because of the difficulty in drawing general patterns in reef fish community organization, 

ecologists have for some time accepted that reef fish communities were driven by 

stochastic processes. Recent researches have increasingly shown that the habitat 

utilization by reef fishes was not a random process (Ault & Johnson 1998, Friedlander et 

al. 2007, Garpe & Ohman 2007). 

If reef fish communities are non-equilibrium systems (like most of the ecosystems) which 

develop within a dynamic and stochastic environment, their modelling can be done 

through simulation models (Guisan & Zimmermann 2000). However this needs a high 

level of understanding of the relationship between community and habitat. For instance, 
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spatial extrapolation methods encompass the determination of the scale effect on the 

response variable, in this case on the fish community structures (Miller et al. 2004). It 

thus appears necessary to gain a good understanding of the scale-dependence of the reef 

fish communities in order to reach accurate predictions. Yet again it implies a design of 

sampling methodologies allowing the estimation of the scale effect on the results. 
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5.1 MAJOR FINDINGS 

This study demonstrated that the use of GIS and remote sensing was appropriate and 

relevant to determine reef habitat and fish community distributions in addition to 

investigate their relationships. This approach has led to several conclusions which have 

been synthesized as follow: 

• The Coral Coast fringing reef was found to be dominated by macroalgae and rubble 

habitats. Coral and seagrass covers were very sparsely distributed but may have 

been underestimated by the mapping methodology. 

• It was observed that the extent of the geomorphological reef units affected the 

habitat composition. 

• The Landsat ETM image classification process using visual interpretation and 

contextual editing provided important information on the Coral Coast reef habitats 

distribution. Specific classes such as macroalgae and seagrass were identified with a 

high accuracy (85% and 60% user accuracy respectively). However, some classes 

were mapped with a lower accuracy; in particular, mixed classes comprising two 

types of habitat (e.g. macroalgae/seagrass at 37% user accuracy). 

CHAPTER 5: CONCLUSION 
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• Possible sources of error within habitat mapping process include the fact that there 

was a period of delay between field data collection, imagery acquisition, coral 

bleaching events and ground truth survey. 

• Although the overall accuracy level of the habitat map appeared low, it is most 

likely that this map could serve as a basis for community-based management 

purpose such as delineation of potential management areas. 

• It was evident that the Coral Coast reef flat habitats were in a degraded status, most 

probably due to eutrophication and sedimentation from land borne sources and to 

overfishing. 

• The Coral Coast reef fish community was extensively dominated by one family 

(Labridae) in association with two others frequently observed (Acanthuridae and 

Scaridae) and was characterized by very low abundance of carnivorous fish. 

• It was shown that fish community composition was influenced by the predominance 

of habitats such as seagrass and coral. 

• High abundance of Labridae was characteristically found associated with seagrass 

beds while Acanthuridae and Scaridae were characteristic of coral dominated 

habitats. 

• A spatial scale effect was identified to be affecting the influence of the habitat types 

on the fish assemblage structures. 
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• Geostatistical modelling provided contrasting results. Whilst prediction maps were 

satisfactory for the families Acanthuridae and Scaridae found in one reef unit, those 

for other families in other locations appeared to have a moderate level of statistical 

uncertainty associated with them. 

• Although modelling of reef fish communities using geostatistical methods appeared 

feasible, there is still a need to deepen the investigation of the Coral Coast reef fish 

community patterns and processes to strengthen the modelling outputs. 

5.2 FUTURE WORK AND RECOMMENDATIONS 

This study has been the first one in the Fiji context to use a spatially explicit approach of 

the reef fish communities. In order for this approach to be continued, improved and 

expanded upon in the Fiji’s coral reef ecosystems, there are a number of future work 

components and issues that need to be investigated.

• If further fundamental research is to be developed in Fiji, it is of crucial importance 

to develop the use of GIS among the researchers and practitioners. There is a need 

to systematically use GPS devices and record the coordinates of any sample taken 

for habitat, fish or any other environmental variable. 

• Future projects of reef habitat mapping should consider the advantage of using 

higher resolution imagery which may improve the classification accuracy and thus 

increase the accuracy and utilization of the map. 
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• In order to complete the understanding of Fijian reef fish community organization, 

there is a need to examine the impacts of other influencing factors such as the 

habitat complexity and human pressure. Study on the temporal variation and the 

recruitment effects would be of great interest but would be more costly in terms of 

time and funds. 

• It would be interesting to integrate additional factors within the modelling process 

and to investigate whether they improve the model accuracy. Data such as coastal 

human population density or Catch Per Unit Effort may be straightforward to 

integrate. 

• Similarly, the model may be improved by basing it at the species level which would 

allow the examination of other indicators such as species richness, biomass and 

more clearly defined feeding guilds. 

• Owing to the existence of significant relationships between habitat types and reef 

fish assemblages, it appears necessary to take into consideration the habitat 

composition (especially coral and seagrass covers) within studies of MPA efficiency 

assessment. 
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Appendix 

 
List of fish species recorded for the CCC Coral Coast reef survey 

Species recorded Family Latin name Family common name 

Bristletooth spp Acanthuridae  Surgeonfish 

Ringtail spp Acanthuridae  Surgeonfish 

Brushtail tang Acanthuridae  Surgeonfish 

Convict Acanthuridae  Surgeonfish 

Mimic Acanthuridae  Surgeonfish 

Sailfin tang Acanthuridae  Surgeonfish 

Surgeonfish Acanthuridae  Surgeonfish 

Unicorn spp_ Acanthuridae  Surgeonfish 

Cardinalfish Apogonidae Cardinalfish 

Trumpetfish Aulostomidae  Trumpetfish 

Blackbelly Picassofish Balistidae  Triggerfish 

Halfmoon Balistidae  Triggerfish 

Orangestriped Balistidae  Triggerfish 

Picasso Balistidae  Triggerfish 

Redtooth Balistidae  Triggerfish 

Triggerfish Balistidae  Triggerfish 

Needlefish Belonidae Needlefish 

Blenny Blennidae Blenny 

Yellowtail poison fang Blennidae Blenny 

Jack / Trevally Carangidae Jack/Trevally 

(Big) Long-Nosed Chaetodontidae Butterflyfish 

Butterflyfish Chaetodontidae Butterflyfish 

Chevroned Chaetodontidae Butterflyfish 

Eastern Triangle Chaetodontidae Butterflyfish 

Humphead Bannerfish Chaetodontidae Butterflyfish 

Klein's Chaetodontidae Butterflyfish 

Latticed Chaetodontidae Butterflyfish 

Longfin Bannerfish Chaetodontidae Butterflyfish 

Pennant Bannerfish Chaetodontidae Butterflyfish 

Pyramid Chaetodontidae Butterflyfish 

Redfin Chaetodontidae Butterflyfish 

Saddled Chaetodontidae Butterflyfish 

Teardrop Chaetodontidae Butterflyfish 

Threadfin Chaetodontidae Butterflyfish 

Vagabond Chaetodontidae Butterflyfish 

Hawkfish Cirrhitidae  Hawkfish 

Porcupine Diodontidae Porcupine 
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Spadefish / Batfish Ephippidae  Spadefish/Batfish 

Cornetfish Fistulariidae Cornetfish 

Brownbarred Gobiidae  Goby 

Goby Gobiidae  Goby 

Sphynx Gobiidae  Goby 

Squirrelfish / Soldierfish Holocentridae  Squirrelfish/Soldierfish 

Bird Labridae  Wrasse 

Blackedged thicklip Labridae  Wrasse 

Checkerboard Labridae  Wrasse 

Cigar Labridae  Wrasse 

Cleaner Labridae  Wrasse 

Crescent Labridae  Wrasse 

Diana's hogfish Labridae  Wrasse 

Humphead Labridae  Wrasse 

Jansen's Labridae  Wrasse 

Red-banded Labridae  Wrasse 

Rockmover Labridae  Wrasse 

Sixbar Labridae  Wrasse 

Wrasse Labridae  Wrasse 

Emperor Lethrinidae  Emperor 

Bluelined Lutjanidae  Snapper 

Snapper Lutjanidae  Snapper 

Dartfish Microdesmidae Dartfish 

Filefish Monacanthidae  Filefish 

Blackstriped Mullidae Goatfish 

Dash-and-dot Mullidae Goatfish 

Goatfish Mullidae Goatfish 

Half-and-half Mullidae Goatfish 

Multibarred Mullidae Goatfish 

Two-barred Mullidae Goatfish 

Moray Eel Muraenidae  Moray Eel 

Spinecheek Nemipteridae  Spinecheek 

Twoline Nemipteridae  Spinecheek 

Trunk / Box / Cowfish Ostraciidae  Trunk/Box/Cowfish 

Sandperch Pinguipedidae  Sandperch 

Striped catfish Plotosidae Catfish 

Bicolour Pomacanthidae Angelfish 

Bicolour juv_ Pomacanthidae Angelfish 

Dusky Pomacanthidae Angelfish 

Lemonpeel Pomacanthidae Angelfish 

Regal Pomacanthidae Angelfish 

Semicircle Pomacanthidae Angelfish 

Angelfish Pomacanthidae  Angelfish 

"Sergeant" sp_ Pomacentridae Damselfish 
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Black Bar Chromis Pomacentridae Damselfish 

Blue-Green Chromis Pomacentridae Damselfish 

Damselfish Pomacentridae Damselfish 

Golden Pomacentridae Damselfish 

Humbug dascyllus Pomacentridae Damselfish 

Lemon Pomacentridae Damselfish 

Reticulated dascyllus Pomacentridae Damselfish 

Staghorn Pomacentridae Damselfish 

Talbot's demoiselle Pomacentridae Damselfish 

Threespot dascyllus Pomacentridae Damselfish 

Whitebelly Pomacentridae Damselfish 

"Anemone fish" sp_ Pomacentridae  Damselfish 

Black Pomacentridae  Damselfish 

Other "Chromis" sp_ Pomacentridae  Damselfish 

Bumphead Scaridae  Parrotfish 

Parrot Fish Scaridae  Parrotfish 
Narrow-banded king 
mackerel 

Scombridae Tuna/Mackerel 

Tuna/ Mackerel Scombridae Tuna/Mackerel 

Lionfish Scorpaenidae Lionfish 

Scorpionfish / Stonefish Scorpaenidae Scorpionfish/Stonefish 

"Honeycomb" sp_ Serranidae Grouper 

Flagtail Serranidae Grouper 

Groupers Serranidae Grouper 

Humpback Serranidae Grouper 

Lyretail Serranidae Grouper 

Peacock Serranidae Grouper 

Soapfish Serranidae Grouper 

Pencil-streaked Siganidae  Rabbitfish 

Rabbitfish Siganidae  Rabbitfish 

Scribbled rabbitfish Siganidae  Rabbitfish 

Pipefish Syngnathidae  Pipefish 

Lizardfish Synodontidae  Lizardfish 

Blackspotted Tetraodontidae Puffer 

Puffer Tetraodontidae Puffer 

Spotted Tetraodontidae Puffer 

Toby Tetraodontidae Puffer 

Moorish Idol Zanclidae Moorish Idol 


