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Executive Summary 
 
The Coral Reef Research Unit (CRRU) is a UK based research body 

that undertakes cross disciplinary research into coral reef and  

associated systems both in respect to the natural and social 

sciences. The is administered at the University of Essex under the 

direction of the author and encompasses an advisory board of some 

40 academics, mostly from the UK but also from Indonesia, 

Australia, USA, Egypt and Honduras. The CRRU directs the research 

initiatives of Operation Wallacea.  

 

The primary focus of CRRU and Operation Wallacea research 

activities within the Wakatobi are to examine and evaluate 

conservation strategies and to gain an understanding of system 

dynamics and both natural and anthropogenic factors that impede 

natural state biodiversity of coral reef and associated systems. The 

research undertaken within the Wakatobi is unique and utilises a 

truly cross-disciplinary approach. There are three research facilities. 

Marine science research is mainly focused of the island of Hoga at 

the Hoga Marine Research Facility, Social science and fisheries 

related research are primarily based on the island of Kaledupa and a 

third facility is ideally based on the Bajo village of Sampela  thereby 

enabling the research to encompass pure natural sciences and 

social sciences that consider the major marine resource users from 

different social backgrounds.  

 

The research undertaken during the 2006 season has been 

successful in meeting its major objectives and conforms to the 

thematic research programme developed and implemented during 

2003. The detail of the research strategy is not repeated within this 

report and those interested should see field report written in 2003 / 

2004. This research approach provides structure to the programme 
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over the mid- to long-term and enables an adaptive and evolving 

research strategy to be implemented.  

 

The following represent some of the findings of the research carried 

out during the 2006 season categorised by research theme. It is 

important to note however that not all data has yet been analysed 

or interpreted and therefore this document and data herein 

represents a “field” report of the field activities.  
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1.0. Project Background 
Operation Wallacea is a research based organisation that 

undertakes research into conservation methods from both a natural 

and social science standpoint within the Wakatobi Marine National 

Park (WMNP) Indonesia. During 2003 a strategic research approach 

was implemented to provide focus and to increase efficiency and 

hence research productivity.  Operation Wallacea has utilised this  

thematic strategy to examine the marine biodiversity and ecology of 

the northern WMNP, to gain an understanding of local community 

requirements, resource uses and understanding whilst also 

evaluating conservation methodology through primary research. 

 

Consequently a variety of long term studies were continued through 

out the 2006 field season, new long term studies were initiated and 

these which were coupled with novel investigations, studies and 

pilot investigations. The thematic research incorporates a cross 

disciplinary approach to marine conservation science and the 

information contained within this interim report contains examples 

of the data collected.  

 

Operation Wallacea's research programme encompasses several 

facets and plays several roles within the management setup and 

conservation bodies currently working within the park. It is 

important to note that Operation Wallacea has expertise is primary 

research and produces research outputs which are applicable for 

publication in top flight international peered review journals. 

Publication in such journals will help put the WMNP and its 

managers on to an International stage. Operation Wallacea does not 

directly undertake conservation management in the historical and 

traditional sense. The management of the WMNP is the 
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responsibility of the Taman Nasional and Operation Wallacea 

research programme is designed to provide important information 

to the park managers which will aid in the design of the most 

appropriate management strategies which include ecosystem 

monitoring. Therefore Operation Wallacea would like to increase the 

trade of information of interested parties working within the WMNP 

and would like to facilitate trade in information by providing a 

stimulating research and education environment which should be to 

the benefit of the conservation objectives. The thematic research 

structure has been designed to take these points in mind and the 

research endeavours to for fill its role in providing information that 

will allow active and strategic conservation management actions 

and decisions to be based on detailed biological information thereby 

maximising the potential for the success of future management 

plans.  

 

Due to the large number of specific research tasks undertaken 

during the 2006 field season, this introduction only intends to 

introduce the reader to the research background, scientific approach 

and on going research structure. To enable the research projects to 

be put into context of the overall research strategy of Operation 

Wallacea, the reader is directed to the 2003 and 2004 field reports 

which outlines the thematic structure and research programme aims 

and objectives.  

 

As in previous reports, so as to allow for continuity and easy of 

understanding, a brief introduction setting the scene for each 

individual research project is included when the methods and aims 

of each research project are described within the relevant place in 

the Materials and Methods section. Although not the normal format, 

I as the author feel that such a format will increase the continuity of 
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the report and ultimately the ease at which scientific rationale, 

methods and research outputs are understood.  

 

2.0. Project Introduction and Methods 
 

Numerous projects were undertaken during 2006 and many were 

extensions of previous projects. As in previous reports, for the 

purpose of clarity a brief introduction and methodology of each 

research task are combined. In all cases the methodologies 

employed are proven to be appropriate in reaching the stipulated 

research objectives and have been obtained from the scientific 

literature or through studies specifically designed for the 

development of appropriate methodology.  

2.0. Introductory Material and Methods   
 

2.1.  Coral Reef Dynamics 
2.1.1.  Coral reef monitoring  
 
Research Assistants: Jessica Haapkyla and Mike Flavell 
 

Introduction 
The world’s coral reefs are in severe decline.  Wilkinson (2004) estimates that 20% of 

reefs have been totally destroyed, 24% are under imminent risk of collapse and a 

further 26% are under long-term threat of collapse. 

 

For the past 8 years Operation Wallacea Scientists and General Volunteers have 

recorded data from over 70 fixed line transects that are distributed over a large area 

around the islands of Hoga and Kaledupa (see map below).  This 8-year data set 

was of immense value to scientists and Wakatobi marine park managers. 
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Figure 1. Map of the Wakatobi National Park and the Mapping Sites: Buoy 2 to 
Pak Kasims, and Kaledupa 1 to Kaledupa 2 

 
Coral reef monitoring is essential to successful management. It provides a long-term 

monitoring dataset to record changes in coral and algal cover, abiotic cover and fish 

and invertebrate population levels. Multiple levels of information is needed when 

making decisions about highly complex ecosystems such as coral reefs. Multi-metric 

indexes incorporate different levels of information and the data collected in this 

monitoring programme is going to be used to develop a Conservation Value Index 

(CVI) in order to better understand the changes in the reef ecosystem and therefore 

facilitate the management of the Wakatobi Marine Park. 

 

In 2006, Operation Wallacea has continued monitoring the permanent sites around 

the islands of Hoga and Kaledupa.  

 

Aims 

• To continue the previous year’s dataset 

• To develop a Conservation Value Index (CVI) 

• To understand the changes that have taken place in the reefs around Hoga 

and Kaledupa 

• To aid the management of the Wakatobi Marine Park 
 

Objectives 
 

• To quantify the changes in coral cover on the visited sites within the Wakatobi 

MNP. 
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• To quantify the fish abundance and diversity present on the visited sites 

within the Wakatobi MNP. 

 

• To quantify the types of substrate present on the visited sites within the 

Wakatobi MNP. 

 

• To quantify the amount of disease and bleaching on the visited sites within 

the Wakatobi MNP. 

 

• To quantify the number of key invertebrates present on the visited sites within 

the Wakatobi MNP. 

 

Methods 

Monitoring was conducted on 6 sites around the islands of Hoga and Kaledupa. 

These sites are: Hoga Buoy 3, Ridge 1, Kaledupa 1, Sampela, Pak Kasims and 

Kaledupa Double Spur (Fig. 1). Monitoring on the last two sites is still continuing. 

 

Three 50 m long were laid along depth contours in three separate habitats; the reef 

flat (2-3m), crest 5-8m) and slope (10-15m). The transects were laid continuously 

following the contour of the reef with 20 meters spacing between them. A total of 9 

transects were laid on each site except for Ridge 1 where no flat habitat exists. After 

having finished the 6 sites there will be a total of 51 transects of benthic surveys.  

 

Benthic Surveys 

On each transect the following types of benthic information were recorded: types of 

substrate, coral genera present, number of bleached and diseased corals, number of 

key invertebrates (sea cucumbers, giant clams, lobsters, crown-of thorns starfishes, 

Drupella snails and Diadema sea urchins). General volunteers were used to collect 

the invertebrate and bleaching and disease data, fish census and benthic cover 

requires special identification skills so they were not suitable for volunteers. 

 

The substrate and coral cover was estimated directly under the transect line by using 

the Line Intercept Technique (LIT). Each point where the substrate type changes is 

recorded and changes are recorded to 1 cm precision on the transect. The codes 

used for the substrate survey are showed in Table 1.  
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Table 1. Substrate Codes Used in the Benthic Survey 

CODE DESCRIPTION CODE DESCRIPTION 

ACB 

Acropora – 

Branching DC Dead Coral 

ACT Acropora – Table DCA Dead Coral & Algae 

ACO Acropora – Other A Algae 

CB Coral – Branching CA Coralline Algae 

CM Coral – Massive SC Soft Coral 

CF Coral – Foliose SP Sponge 

CL 

Coral - Laminar 

(Plate) OT Other 

CSM 

Coral - Sub-

Massive S Sand 

CE Coral – Encrusting R Rubble 

CMR Coral – Mushroom RCK Rock 

CHE Coral – Heliopora DDD No data available 

CME Coral – Millepora   

 

The presence of all hard coral genera intercepted by the 50m transect was recorded. 

An example of recorded genera is presented in Table 2. 

 

Table 2. Example List of Main Coral Genera 

Acropora Echinopora Goniopora Merulina Pavona 

Anacropora Euphyllia Hydnophora Montastrea Physogyra 

Astreopora 

Echinophylli

a Herpolitha Montipora Plerogyra 

Acanthastre

a Fungia Leptoseris Mycedium Platygyra 

Alveopora Favia Lobophyllia Oulophyllia Porites 

Coscinarea Favites Leptoria Oxypora Podobacia 

Coeloseris Galaxea Madricis Pachyseris Seriatopora 

Cyphastrea 

Gardinoseri

s Leptoria Plesiastrea Stylophora 

Diploastrea Goniastrea Madricis Psammocora Turbinaria 
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Fishery status 

The visual census survey procedure for the monitoring programme was modified 

from AIMS fish monitoring protocol (English, Wilkinson and Baker, 1997). 

 

The observer conducted the 50 metre by 5 metre by 5 metre surveys by swimming 

along the centre line of the transect using the laid tape as reference. The observer 

counted all fish sighted within the area 2.5 metres either side of and up to 5 metres 

above the centre line, recording family, species, number of individuals and size class 

of Serranidae (groupers). A standardized effort was used for all transects (25 mins 

per transect). A total of 42 fish transects are presented here in.. 

 

Census technique 

The visual census aimed at recording an instantaneous estimate of abundance for 

the target species that were present within the bounds of the transect. Unfortunately 

this theoretical goal could never be realised due to factors such as the time taken to 

count and record each individual, and commonly, the inability to scan the entire 

transect area at any one time. Consequently there was a need to employ a sampling 

technique which best approximated this ideal. Although it was impossible to census 

the entire transect in a given instant, it was possible to treat the transect as a series 

of instantaneous counts, such that each portion of the transect area was only viewed 

once for any given target species. In practice this was achieved by viewing ahead 

and counting target species in an area of the transect contained well within the 

bounds of visibility. During the first scan of the section the most mobile target species 

were counted and recorded, with progressively less mobile species recorded in 

consecutive counts. Fish entering the transect during, or after, that area of transect 

being sampled were not included as they were not present during the initial count. 

Once the most mobile species were counted the observer moved along the centre of 

the transect and searched for the more cryptic and slower moving target species, 

being careful to include individuals of the most mobile species which were obscured 

from view by the structure of the reef during the initial count of the area. 
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Figure 2. Dimensions of Fish Belt Transect 5m x 5m x 50m 

 

Timing of census 

In an attempt to reduce variability in fish densities (due to diurnal influences 

on behaviour) sampling excluded the high activity periods of early morning and late 

afternoon. Sampling was limited to between 0800 and 1500 hours during summer 

months. This time window also excluded periods of poor visibility caused by low sun 

angle.  

 

Sources of Error 

 No survey method is perfect and underwater visual censuses include several 

sources of error. Errors appeared form three sources, the observer, fish behaviour 

and the sampling method. The divers presence in the water may lead to errors from 

fish-diver interactions which were minimized by descending away from the transects 

and allowing an adjustment time between arriving at a transect and starting the 

survey to allow the fish to become accustomed to diver presence. Errors due to fish 

behaviour were also affected by parameters associated with habitat and activity 

cycles. Not all species behave or are perceived in the same way and any 

interpretation of the results was looked upon with this in mind. Finally, samples not 

taken according to the strict sampling plan were not representative of the target fish 

population, and therefore a source of error. Transects should cover homogenous 

environments, rather than several different environments and transitional areas were 

avoided where possible. 
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2.1.2. Coral growth and recruitment rates 

 

Coral reef dynamics exist in a dynamic equilibrium and for the 

overall increase in reef size and for the maintenance of topographic 

diversity, a key causative factor in producing high species diversity, 

coral growth and recruitment needs to be higher than rates of 

erosion or loss of reef materials. Many factors reduce the growth 

rates and recruitment rates of corals as well as increasing rates of 

erosion and it is very important that we understand how these 

factors are balanced. High growth rates and recruitment rates are 

desirable and knowledge of rates and temporal and spatial 

variations in these rates enables managers to identify possible 

problems and solutions to reef degradation (e.g. within reef 

recruitment). This project therefore aims at evaluating the growth 

rates of the major reef building corals over the long term. 

Recruitment rates are also estimated by the use of a polynomial 

rational function that can be used to predict the recruitment rates of 

corals once growth rates are understood. The main aim of the study 

was to establish permanent quadrats that will provide high quality 

data (spatial resolution) on the temporal changes in the key 

biological features of a coral reef over the mid- to long term. An 

idea of the rates of change in key biological variables and 

parameters can be considered as performance criteria for 

management purposes enabling reef managers and authorities to 

make informed decisions and to employ targeted strategies. 

 

There are many objectives associated withthin research activity 

(see Smith 2005, Wakatobi Interim report, LIPI) however this 

season the technique was tested and therefore only three sites were 

assessed with all massive coral species recorded and measured. 

This was necessary as to ascertain whether or not colonies that are 
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to be repeatedly measured in the long term, could be identieid, and 

whether or not the measurements taken each year with resolute 

enough to detect annual change. Therefore the objectives of this 

years research was  to The objectives of this project were therefore: 

1.  To measure the maximum length, width and height of 

massive corals within quadrats at Sampela, Kaledupa 

and Hoga.  

 

2.  To determine the rates of growth for the key massive 

coral species at each of the sites.  

 

Methods 

Establishing permanent quadrats 

As of 5th August 2005 15 permanent belt transects herein termed 

quadrats of 10m x 2m (thereby containing at least 20 massive coral 

colonies) have been marked out on the reef at depths between 7 

and 10m on the upper reef slope.  Three replicate quadrats were 

established at each of the following sites, these sites provide 

examples of the general environmental conditions encountered 

within the Northern Wakatobi.  

 

• Hoga No Take Zone (Buoy 3) – strictly protected reef wall / 

slope 

• Hoga Take Zone (Pak Kasims) – not protected reef slope 

• Moderately Exposed Reef (Kaledupa) – not protected 

moderately exposed reef slope 

• Impacted Reef (Sampela) – light limited, moderately 

sheltered reef slope 

• Highly Exposed Reef (Ridge 1) – not protected quite exposed 

reef wall / ridge. 
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During 2006, only three sites were assessed – Hoga B3, Kaledupa 

and Sampela. 

 

Each quadrat was constructed from synthetic rope with the 

following structure, all quadrats were secured to the substratum left 

for three days and tightened up if required to prevent damage to 

reef structure caused by rope abrasion.  

 

Stylised structure of permanent quadrats 

     

     

 

 

 

 

 

 

Objective 1: The benthic characteristics of each quadrat 

Substratum characteristics was determined by use  using a point 

intercept method every 0.2m along three transect lines within each 

permanent belt transect: one along the top edge (the reef side) of 

the belt transect, one running along the mid-line of the transect, 

and the third running along the bottom edge of the transect (the 

seaward side).  

 

Stylised diagram showing benthic line intercept transects 

 

 

 

 

 

1 m 

4.5 m 

5.5 m 

2 m 

1 - Top 

2 - Middle 

3 - Bottom
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Every massive coral colony was identified to species and the 

maximum length, maximum width (90 degrees to the maximum 

length) and maximum height of each colony was recorded. The 

number of massive coral colonies encountered was between 25 - 65 

and followed a normal distribution. 

Repeated annual measurements of the same massive coral colonies 

in permanent quadrats will enable site and species specific coral 

colony growth rate to be determined. Recruitment rates will be back 

predicted. Growth rates determined for colonies located within the 

permanent quadrats will be used to predict recruitment rates of the 

most abundant species over a larger geographical area.  

 

 

2.1.3. Sedimentation Rates  

 
Numerous studies carried out during the field season are based on comparisons 

between reef sites. The sites that are used most heavily at Sampela, Hoga, Kaledupa 

and Pak Kasims. These sites are characterized by having different environmental 

conditions e.g. light attenuation, sedimentation rates and exposure rates. All these 

factors affect the growth rates, relative abundance, physical structure and hence 

community diversity of coral reef systems. Therefore studies examining one of these 

key variables i.e. sedimentation rates, were instigated during the field season. It is 

important to note however that the results obtained are only over a small temporal 

window and as described in the results of the previous section, the light environment 

and hence sedimentation rates, are likely to vary with season. This variability is likely 

to be higher at the relatively shallow Sampela wall than the other sites. This is mainly 

due to the fact that the Sampela Wall has a maximum depth of 12 m compared to 

over 40 m at the other sites (and often considerably more than that). The Sampela 

benthic environment is characterized by fine sands which, because of the shallow 

nature of the site,  can easily be resuspended when the wind and currents come from 

a certain direction. With seasonal changes in wind the relative resuspended load and 

hence light environment will vary greatly. Therefore the following results obtained 

should be considered taking this seasonal variability in to account.  
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Methods 
The sites were studied  during this investigation: Pak Kasims , Sampela and 
Kaledupa (see previous map).  
 
Sedimentation rates 
Traps were made from local materials. Sedimentation rate was measured at 3m, 6m 

and 12m in all sites, with 4 bottles at each depth laid 10 meters apart, thus 36 traps 

were used. Although preferably traps would have been laid down in unison to 

decrease any fluctuations caused through temporal variation, diving restriction meant 

that a maximum of 4 traps could be laid in one dive. To minimize variation all trap 

were laid in prompt succession. Each bottle remaining at the site for 10 days, bottles 

were collected in the same order as they were place out at the same time to insure 

bottles collect sediment of similar time periods. After 10 days the sedimentation traps 

were located and retrieved. Before dislodging the trap the opening to the trap was 

sealed with a plastic bag and rubber band to prevent sediment being lost while 

ascending. The content of the traps was filtered through filter paper using 100ml 

syringes and left to dry in the sun any remaining sediment in the bottles was brushed 

out using a fine paintbrush. Prior to filtering, filter paper was weighted using scale 

accurate to 0.01g, once dry the filter paper was weighted until reading became 

constant. The weight of the dried sediment was converted to deposition of sediment 

per day.  

 
Estimations of Light Attenuation 
Light Attenuation was measurements using a weighted Secchi disc. The disc was 

lowered into the water until it was no longer possible for the observer to distinguish 

the markings on the disc. The disc was then raised until the markings could be 

distinguished and the depth was noted. This was repeated on 6 occasions at each of 

the study sites. All measurements were taken at 1 pm under sunny light conditions 

with calm water as to minimise the variability between above water light intensity and 

observer visibility.   
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2.2. Coral Reef Biodiversity and Ecology 
 

2.2.1. The abundance, diversity and behavioural characteristics of 

Pomacanthidae on various reef habitats around Hoga island in the 

Wakatobi Marine   

 
Research Assistants: Jack Waltham, Leanne James, Clare Pebble 
 
Introduction 
 
Due to the complex nature of reef systems and the high levels of competition that 

exists, resource partitioning is often extremely tight. Despite their been great interest 

in reef systems limited information exists on the resource utilisiation by key 

taxonomic groups. Therefore a series of studies have been initiated to try to identify 

the resources (quantity and quality) required by key taxonomic groups. This study 

focuses on the Angelfish, but other important taxonomic groups have also been 

investigated as part of this years research programme. As well as identifying 

resource requirements, the effects of habitat quality have also been studied as well 

as differences / similarities between members of the same taxonomic group.  

 

The angelfish (Pomacanthidae) family, closely related to the butterflyfish family, 

consists of about 80 species worldwide, many of which appear on Indo-Pacific coral 

reefs. Angelfish have small terminal mouths, laterally compressed bodies but a body 

thicker than that of a butterflyfish and can be easily identified by a spine projecting 

backwards of the lower part of the operculum. Due to their bight colours and 

charismatic nature various Pomacanthidae species are popular in the aquarium 

trade.  

 

Angelfish tend to be found along the reef crest down to about 25m with specific 

species preferring certain depth ranges aswell as food the food availability factor. 

They are extremely cryptic by nature thriving in crevices formed by rubble, boulders, 

coral and caves.  Pomacanthidae are herbivorous fish and so may be used as bio-

indicators for the level of algae present – a key factor in the health of a reef. Food 

preference does differ between species, with Centropyge feeding predominately on 

algae and detritus and Pomacanthus taking preference toward sponges and benthic 

invertebrates. 
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Detailed studies of behaviour will enable us to identify the key resources required for 

this charismatic group. Studies of resource utilisation over a range of habitat types 

will also enable us to examine the degree of behavioural plasticity exhibited by this 

and other groups and whether species with a greater degree of plasticity are able to 

exist on reefs of variable habitat quality as compared to species with limited and very 

specialised behavioural traits. 

 
 
Aim 
 

1. To determine the abundance of Pomacanthidae species on reefs in the 
northern Wakatobi Marine National Park in Indonesia 

2. To understand the degree of species specific behavior plasticity in relation to 
habitat quality 

  
Objectives 
 

• To establish whether Pomacanthidae species abundance and diversity varies 
according to the level of coral cover on the reef. 

• To investigate the time budget of three key Pomacanthidae species on reefs 
of differing quality. 

• To establish whether and if so how reef quality affects the behavior of the 
Pomacanthidae population 

 
 
Method 
 

Three sites near Hoga Island in the Wakatobi National Park were selected for study 

due to their own specific, different characteristics:  Sampela as an example of a 

degraded reef with relaqtively low coral cover and high algal cover: Hoga Buoy 3 

(Buoy 3) as a reef wall with good coral cover and protected from fisheries activity : 

Kaledupa  as an intermediate site. Data collection took place using SCUBA. 

 

At each of the three sites a benthic habitat survey was conducted using a 50m point-

intercept transect at 0.25m intervals. Three independent replicates were recorded at 

two depths for each site – at 10m and 2m below the crest. This method was intended 

to identify two possible ecozones without tidal influence upon depth. Substrate 

recorded included soft and hard coral, dead or damaged coral, algae, sand, bare 

rock and rubble amongst others. This method allows for a semi-quantitative method 

for classifying reef quality. 
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Timed counts of angelfish species abundance and diversity were conducted at the 

same ecozone depths (10m and 2m below the crest) . Counts were made along a 

time restricted transect for 20mins at a constant speed covering an average distance 

of 150m each time. Each angelfish species observed was recorded with three 

replicates at each depth. 

 

Behavioural monitoring of three key species, identified from the timed swims and 

appearing at each of the three sites, was carried out. Pygoplites diacanthus (regal 

angelfish), Pomacanthus imperator (Emperor angelfish) and Centropyge tibicen 

(Keyhole angelfish) were observed for 10minutes at a time and five individuals of 

each species was observed at each site. Key behavioral traits observed during 

preliminary studies were identified and a behavioral ethogram produced. The 

following identifiable and distinct traits were used: hiding, roaming, diffuse (single 

tastes or bites) and focus (repeated feeding activity in one location) feeding and 

cleaning were noted in order to enable time-budget analysis. The percentage of the 

total time an individual spent on each trait was recorded and are presented herein. 

  

2.2.2. The use of corallivorous Butterflyfish as bio-indicators of 

reef health. 

Research Assistant: Sian Kinnear 
 
Introduction 
 

The coral reefs of the Wakatobi Marine National Park lie within one of the world’s 

most rich marine biodiversity hotspots of southern Indo-Pacific, where the use of 

widespread reef monitoring is lacking.  The use of bio indictors is an un-costly 

method of assessing the health of the reef and requires little scientific knowledge and 

hence resources.  Many different species have been suggested to be useful as 

indicators but in the majority of the case detailed investigations in to the species 

ability to adapt their behaviour in response to changing habitat quality have not been 

initiated. Such plasticity in behavioural responses would greatly affect the apparent 

association of indicator species with benthic habitat quality. 

 

Butterflyfish (Chaetodontidae) which inhabit coral reefs around the world, are 

candidates as indicator species for reef health.  Butterflyfish have a close relationship 

with the habitat from which they evolved as, at they are  corallivores they are  directly 

dependant  on the availability of coral tissues for food.  
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Coral feeders can be split into two sub species, obligate and facultative feeders. 

Obligate feeders feed solely on coral polyps where as facultative butterflyfish feed on 

octocorals and scleractinian coral polyps (Reese, 1977). The relative use of these 

corallivore types greatly influence the species usefulness as indicators. However 

once again, detailed studies on the nature of the corallivory, particular over a wide 

range of habitat types and bioregions is lacking. 

 

Aim 

  To assess the use of using Butterflyfish as indicators of reef health taking in to 

consideration their feeding preference and behavioural plasticity. 

 

Objectives 

1. Abundance & Diversity 

• Investigate Butterflyfish abundance and diversity between 3 sites of varying 

habitat quality.  

• To quantify coral cover as a proxy to habitat quality at each of the study sites. 

• Compare the abundance of Obligate and Facultative butterflyfish at each site.  

 

2. Feeding Rates and Food Choice 

 

• Investigate trends in food preference and feeding behaviour of C. lunulatus an 

obligate species and C. melannotus a facultative species at the 3 sites.  

 

Method 
The study was carried out at three different sites of varying quality in the Wakatobi 

National park 

• Sampela – low coral cover. 

• Kaladupa – intermediate coral cover  

• Hoga – immediate / high coral cover. 

 

Abundance & Diversity 

A pilot study was carried out at each site and the species seen were recorded and 

identified.  Diversity and abundance was recorded using 50m transect lines, the lines 

were laid out at three different depths at each site 3m reef flat, 6m reef crest and12m 

reef slope each depth was replicated 3 times, each transect was laid 10m apart. After 

each transect was laid the number of each species of Butterflyfish was recorded 
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along the 50m transect line 2.5m either side of the tape (standardised sampling time 

of 20 mins). Benthic data was collected using the point line intercept technique over 

the full 50 metres.  

Feeding rates & species specific food preferences  

Five individuals of C.lunulatus and C.melannotus were examined at each site. Each 

species was watched for a total of 50 minutes per site, 10 minutes per individual. 

During the 10 minute period each feeding bout was recorded, the numbers of bits, 

the types of feeding i.e. focused feeding or defuse feeding, as well as the food 

source. The percentage of time spent on each activity was recorded and are 

presented herein. 

 

2.2.3. Patterns of resource utilisation by two common species 

  of damselfish in coral reefs of varying habitat quality  

  within the Northern Wakatobi Marine National Park.  

 

Research Assistant: Erin McCauley 

 

Introduction 
Damselfish are members of the family Pomacentridae. They are generally small, 

between 5 and 15 cm, and brightly coloured with deep bodies and are closely 

associated with coral reefs.  Damselfish are most commonly herbivorous though 

some are planktivorous or have even been known to eat the coral itself, exposing its 

exoskeleton to provide a suitable area for algae to colonise. 

 

It is well documented that these fish show strong territorial behaviour and defend 

these territories aggressively.  The most frequently observed form of defence is to nip 

by charging the intruder and attempting to bite its caudal peduncle or side.  The 

territories are believed to serve a number of purposes, including a breeding area, 

shelter and a source of food.  A damselfish territory often creates an ‘algal lawn’ as 

their defensive behaviour of their territory, leads to less grazing in their territory than 

outside.  This provides a favourable area for algae to grow, but also a source of food 

for the damselfish and they are known to stay for months or years in the same small 

territory.   This behaviour presents a rich field for studies involving inter-relationships 

of species, intra-species relationships, ecology and behaviour and illustrating the 
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significance of territoriality on tropho-dynamic processes and functioning of coral 

reefs (Williams 1981). 

 

Algae is often in limited supply on coral reefs so the highest levels of territorial 

aggression are often found in herbivorous damselfish such as the jewel damsel 

(Plectroglyphidodon lacrymatus).  

 

Aim : To assess the affect of reef quality on the territory size and behaviour of the 

Behn’s and Jewel damsel 

 

Objectives: 

• To determine whether different species of damselfish show different levels of 

aggression, and if the aggression is stronger towards damsels of the same 

species, different species or different families. 

• To determine whether different species of damselfish have varying territory 

size, and if territory size varies between sites of varying quality. 

• To determine time budgets for different species at different reef sites of 

 varying quality. 

 

Methodology 
The 3 sites chosen to sample at displayed a broad range of disturbance levels and 

anthropogenic impacts. 

Sampela: This site is the impacted and degraded reef.  It is situated just off 

shore from a Bajo village, which dumps organic waste nearby and also uses 

destructive fishing methods such as dynamite and cyanide fishing, all leading 

too increased sediment loading in the water column and on the reef as well 

directly impacting the reef. Also as said previously, the Sampela site is 

shallow and fine sediments are easily resuspended by wave action thereby 

reducing the light avaible for coral growth. 

Kaledupa: A moderately impacted and recovering site with good coral cover. 

Hoga home reef (no take zone):  This site is the pristine site.  It was 

delegated as a no take zone and as such is no longer fished or impacted by 

local fisherman. 

 

The species chosen for study are the Behn’s damsel (Neoglyphidodon nigroris), an 

omnivore, and the Jewel damsel (Plectroglyphidodon lacrymatus), a herbivore.  Both 

fish are found at a depth range from the crest down to the dive limit of 18 metres.   
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Data was collected using both SCUBA and snorkelling techniques between depths of 

1- 18 metres and between the hours of 07:00 and 17:00.  All individuals chosen for 

observation were randomly selected. 

 

3 Benthic surveys at 2 depths (total of 6) were carried out at each site, at 2 metres 

below the crest and 10 metres below the crest.  Each transect was 50 metres long 

and data was collected every 25 cm using a predetermined substrate composition 

key.  This data will support the identification of the quality of each reef site. 

 

To enable the competitive environment to be examined, the data obtained within this 

study will be compared to the over fish abundance data obtained as part of the 

monitoring programme. At the time of this report, this data was not available. 

 

At each site, and for each species, 8 territories were mapped using fishing weights 

with coloured tags attached.  The territory was mapped by watching the fish for 10 

minutes and dropping a weight at the furthest point it swims to in various directions.  

A measurement was then taken from one weight to the next and from each weight to 

a central point in order to work out and approximate area. 

 

Behavioural observations were noted in 10 minute periods (600 seconds) noting how 

long was spent on each behaviour (time budget analysis).  Behaviours were 

identified and an ethogram produced: the identifiable and independent traits used 

throughout the study were: 

• Patrolling – swimming or roaming in the territory 

• Guarding – ‘facing up’ to other fish preventing them entering the territory or 

just staying still looking out from within the territory. 

• Feeding – eating, whether from the water column or from the coral. 

• Chasing – Chasing away or attacking another fish (further classified as  

whether it is chasing same species, different damsel species or different 

species entirely) 

• Attacked – Being chased or attacked by another fish (further classified to 

being attacked by same species, different damsel species or different species 

entirely) 

• Hiding – Hiding, sheltering or out of view. 

 

8 behavioural observations were made for each species at each site. High replication 

was required because of the relatively high inherent variability. 
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2.2.4.  Distribution and Abundance of the Serpulid Polychaete Spirobranchus 

sp. in Response to Biotic and Abiotic Factors in the Wakatobi National 

Park, Sulawesi, Indonesia  

 
Research Assistant: Sonia Rowley 
 

Introduction 
Tropical coral reefs are dynamic ecosystems characterized by high biodiversity and 

low effective population size for most species (Marsden, 1992). Complex biological 

interactions exist between many organisms within the reef of which symbiotic 

associations are common, but as yet, poorly understood. The serpulid polychaete 

Spirobranchus giganteus is an obligate associate of hermatypic corals. There are 

currently two recognized subspecies: Spirobranchus giganteus giganteus (Atlantic  

and Caribbean distribution) and Spirobranchus giganteus corniculatus (Pacific 

distribution) (Hove, 1970,  Hunte et al., 1990), the latter being well represented on 

the reefs of the Wakatobi National Park, Sulawesi.  

 

Spirobranchus like most coral associates is a filter feeding heterotroph creating 

aboral feeding currents due to laterofrontal cilia. The relationship between 

Spirobranchus and host is unknown, mutualistic association has been suggested with 

the coral providing support, nutrition and protection from predation by fish and 

crustacea (Marsden, 1990). In return the feeding currents of the worms may enhance 

water circulation for the coral (Floros et al., 2005, Dai and Yang, 1995, Hunte et al., 

1990) as well as protection from predation by Drupella sp. and Acanthaster planci 

due to the presence and subsequent irritation of operculum hooks (Devantier et al., 

1986). However the presence of coral associates may cause structural weakness to 

the coral (Floros et al., 2005, Nishi, 1996) and has also been suggested as an 

indication of coral stress; with the host being less able to defend itself against 

invertebrate larval settlement and overgrowth (Floros et al., 2005, Risk et al., 1993).  

 

Previous studies have shown that Spirobranchus giganteus are non-randomly 

distributed on specific coral species (Floros et al., 2005, Hunte et al., 1990, Marsden, 

1987, 1991, Bailey-Brock, 1976). Such apparent gregarious aggregation may be due 

to larval preferences before settlement; becoming demersal at this stage in a 

suggested response to coral exudates and/or conspecifics (Marsden, and Meeuwig, 
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1990). This, therefore, infers a reproductive strategy that maximises gamete 

fertilisation and overall survival on the reef. Interestingly Spirobranchus has been 

shown to have increased abundance in areas with high turbidity and water flow, 

although Marsden et al., (1990) demonstrated that Spirobranchus was not abundant 

in high eutrophic areas. Floros et al., (2005) however showed that Spirobranchus had 

increased abundance in areas of upwelling as well as urban sewage input. Such 

differences coupled with a lack of studies on the ecology of this serpulid species, 

especially in the Indo-Pacific, means that the fulfilment of the following objectives 

maybe of substantial value in relation to the ecology of coral reefs. 

Aim:  To understand the distribution of Spirobranchus giganteus corniculatus on 

reefs of the Northern Wakatobi and to allude to the factors that influence its 

distribution as an example of the complex interactions that influence coral reef 

community diversity. 

 

Objectives: 

- To investigate the abundance and distribution of Spirobranchus giganteus 

corniculatus on hermatypic corals. 

- To investigate whether Spirobranchus giganteus corniculatus is non-randomly 

distributed on specific coral genus. 

- To investigate if a non-random distribution of Spirobranchus giganteus 

corniculatus is indicative of coral morphology. 

- To investigate if a non-random distribution of Spirobranchus giganteus 

corniculatus is as a consequence of habitat type. 

- To investigate if a non-random distribution of Spirobranchus giganteus 

corniculatus differs between impacted and non-impacted sites in the 

Wakatobi. 

 

 

Method 
Study Sites: 

Three sites were used; Sampela – 05.29.01.S; 123.45.08E classified as impacted 

due to the close proximity to a Bajo village with ca.20% hard coral cover. (Note: 

substantial sedimentation has also been noted as a consequence of high offshore 

currents; previous water analyses have shown no significant difference in nutrient 

content between Sampela and pristine sites, Smith unpublished data., 2006). Pak 

Kasims – 05.27.95S; 123.45.3d1E with an intermediate classification situated next to 
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a no fishing zone and ca. 40% hard coral cover; and Kaledupa 1 – 05.28.22S; 

123.43.47E classified a relatively  low impacted site with ca.50% hard cover.  

 

Data Collection: 

Data was collected at three habitats within the three sites: reef slope ca.12m depth; 

Reef crest ca. 6m depth; reef flat <3m depth. At each habitat location a horizontal 

tape transect of 30 m length with a 2 m belt (1 m either side of the transect tape) was 

carefully laid. tape). Polychaete abundance, colour morph, coral species association 

and area of coral head/plate was recorded. Coral plate area measured (L x B). Coral 

head area measured using area of an oval (½ L x ½ B x π). A benthic survey was 

conducted at 0.5m intervals along the transect tape and rugosity was also measured 

using the Line Intercept Transect Method (English et al., 1994).  Prior to data 

collection the following information was recorded: Date, locality, time, tide, water 

temperature and turbidity, cloud cover and sea state. Sedimentation traps were also 

laid for exactly 10 days at each site using methods as described by English et al., 

(1994). All transects were conducted using SCUBA equipment and a minimum of 30 

fin kicks between horizontal transects were measured to prevent pseudo-replication. 

 

2.2.5.  Home range size and cleaning behaviour in Labroides bicolour  

 

Research Assistants: Jenny Oats and Joseph Fenton 

This work was financed by a NERC grant held by Redouan Bshary (University of 

Neuchâtel, Switzerland) and Rufus Johnstone (University of Cambridge, UK).   

 

Introduction 
Extensive studies on the cleaner fish Labroides dimidiatus have shown that this 

species interacts with client reef fish, feeding on ectoparasites on the scales and gills 

and significantly reducing the ectoparasite abundance (e.g. Grutter, 1999).  

Individuals of this species form cleaning stations which clients approach when they 

require cleaning, often adopting a pose (Côté, 1998).  Cleaning stations of L. 

dimidiatus cover a relatively small area and often contain a conspicuous feature, e.g 

a coral outcrop, which is known as a focal point (pers. obs.). 

 

In the L. dimidiatus system, clients often return to the same cleaning station which 

means that cleaners interact repeatedly with the same clients. Although cleaners 

could potentially cheat on clients, feeding on mucus and scales rather than 
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ectoparasites, cheating is maintained at low levels in this system by client control 

mechanisms such as partner choice and punishment.  By the process of partner 

choice, clients that have choice options over possible cleaners can swim to an 

alternative cleaning station if the current cleaner cheats (Bshary & Grutter, 2005).  

Resident clients that have access to only one cleaning station may punish cleaners 

by chasing them (Bshary & Grutter, 2005).  Punishment imposes an energetic cost 

on the cleaner, which discourages defection in consecutive interactions.   

 

In the closely related cleaner species Labroides bicolor, it appears that a similar 

mutualistic relationship exists between cleaners and clients, yet in contrast to L. 

dimidiatus, adults of this cleaner species rove over large areas and do not appear to 

form fixed cleaning stations around a focal point.  This means that the cleaners are 

less likely to interact repeatedly with clients. This potentially destroys the repeated 

game structure on which both punishment and partner choice rely. Therefore this 

raises an important question: in systems where repeated interactions do not occur, 

such as the L. bicolor system, how might interspecific mutualism be maintained? 

 

Where one-off interactions occur, indirect reciprocity based on image scoring 

(Bshary, 2002) and victim control over duration of interactions (Johnstone & Bshary, 

2002) have been proposed as mechanisms which could maintain cooperation.  

 

Since little research has been conducted on L. bicolor, basic understanding of this 

species’ behaviour must be established before conducting detailed investigations into 

the mechanisms which maintain cleaner-client cooperation in this system.  Firstly it is 

important to establish the size of the home ranges of individuals of the species L. 

bicolor, to determine how likely it is that repeated interactions will occur.  Secondly it 

is important to conduct some basic behavioural observations on L. bicolor to 

establish whether this species behaves differently to L. dimidiatus and whether there 

are any changes in behaviour over the course of development. 

 

Aims 

1. To determine home range sizes for different developmental stages of 

Labroides bicolor 

2. To investigate whether the behaviour of L. bicolor during cleaning interactions 

differs from that of L. dimidiatus  
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Objectives 

To achieve aim 1, the following specific objectives were addressed: 

1. To follow individual cleaners for as long as possible and mark their position 

frequently 

2. To produce maps of the movements of individuals that could be used to 

calculate home range areas 

 

To achieve aim 2, the following specific objectives were addressed: 

1.   To observe cleaning interactions in L .bicolor and record the following 

information: species and size of client; identity of individual that initiated and 

terminated interaction (cleaner or client); duration of interaction, use of tactile 

stimulation; cheating rate by cleaner (measured as jolt frequency, see Bshary 

& Grutter, 2002); client response to cheating 

2.   To record and compare equivalent data collected on L. dimidiatus 

 

 

Methods 
Home range size 

Home ranges were mapped by following 10 individual cleaners for at least 2hrs each. 

Individual cleaners were recognised by their unique colour markings. Focal 

individuals were chosen to represent the full range of developmental stages, varying 

in size from 4cm up to 13cm.  For the larger sub-adults and adults, territories were 

marked using GPS (accurate to 3m) which was either used by a snorkeller on the 

surface or towed on an SMB while diving.GPS data was downloaded using the 

mapping program MapSource so that detailed maps could be plotted of the home 

ranges of the individuals. Smaller territories were mapped using marker floats and a 

tape measure. 

 

Behavioural observations 

Individual cleaners were followed for 30 minute focal sessions by observers using 

SCUBA or snorkelling equipment and the following data were collected from cleaning 

interactions:  

1) Species and size of client  

2) Identity of individual that initiated and terminated interaction (cleaner 

or client) 

3) Duration of interaction 
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4) Use of tactile stimulation 

5) Cheating rate by cleaner (measured as jolt frequency) 

6) Client response to cheating 

 

Four thirty-minute focal observations were carried out on 10 individuals of the 

species L. bicolor (two am and two pm).  A similar dataset was collected on 6 

individuals of the species L.dimidiatus for comparison. 

 

2.2.6.Time budgets, resource partitioning and food preferences of 

Scaridae species on coral reefs in the Wakatobi National Park, 

Indonesia 

Research Assistant: Madeline Bain 
 
Introduction 
The tropical reef environment exhibits high species diversity due to the number of 

complex biological interactions occurring in this system. For biodiversity to occur at 

this magnitude, species must be able to coexist by niche partitioning, leading to 

differential utilisation of resources to avoid excessive interspecific competition.  The 

Scaridae species are generally classified as herbivores, biting off algae but also 

sediment covered rock substrate with their beak-like pharyngeal mill, grinding the 

hard calcareous material into fine sand (Bohlke, Chaplin 1968). As a dominant 

component of the herbivore assemblage on coral reefs in the Indo-Pacific, many 

parrotfish species have specialised in scraping algae off limestone; with other 

species excavating reef substrates and harvesting the substrate-bound algae (Horn, 

1989). In addition, several families of coral reef fish are known obligate corralivores 

with the most important belonging to the Scaridae family, mainly because of their 

abundance (Frydl, 1979; Sale, 1991). Because of this the Scaridae family are 

important agents of marine bioerosion that rework the substrate with their beaklike 

oral jaws (Kiene, 1988; Bellwood, 1995; Streelman et al., 2002).  

 

Bioerosion is a major structuring force operating on coral reefs (Hutchings, 1986) and 

may be categorized as external grazing and excretion of sediment, e.g. by fishes as 

in this case, as opposed to internal boring, e.g. by sponges. As algal growth occurs 

at the expense of coral, it would be expected that populations of herbivorous 

Scaridae species will be greater on reefs with a lower coral cover, for example 

exploited reefs. However the increased grazing pressure may lead to increased 
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interspecific competition perhaps leading to increased territoriality exhibited by some 

species utilising the same resource. In addition the idea that increased grazing 

pressure will decrease algal cover could be contradicted, as feeding by cropping (the 

removal of only the tips which often contain dead tissue) will increase algal fitness on 

these impacted reefs. Different species of Scaridae have been shown to feed at 

different intensities along reefs of varying qualities in terms of bite rates and bite 

volumes. Previous studies suggest foraging behaviour and spatial distribution 

(combined with quantifying scar number and size) reveal considerable differences 

among parrotfish species in terms of feeding ecology, concluding a preference for an 

algal diet (El-Alwany, 2003).  

 

The overall aim of this project was to study the behavioural and feeding ecology of 

key Scaridae species, looking particularly for differences between populations on 

reefs of varying quality. This will enable predictions to be made on future population 

viabilities when discussing degraded reefs and phase shifts. It will also provide an 

indication of the scope for behavioural plasticity shown by key species of this 

important reef family.  This was achieved using a number of objectives, which were 

as follows: 

1. To determine the habitat quality present at each site 

2. To determine population and assemblage of Scaridae species at each study 

reef, before selecting the most common species for further study 

3. To investigate how the abundance and assemblage of key non-Scaridae 

families affects the Scaridae assemblage and population 

4. To investigate the time budgets and feeding behaviour of selected Scaridae 

 species on the selected study reefs 

 

Method 
Prior to any data collection, three study sites were chosen around Hoga Island, giving 

a gradient of habitat qualities. These choices were based on previous studies 

carried out in the Wakatobi, especially Crabbe & Smith (2002). Sampela reef 

was used to represent a highly impacted reef, as it is situated close to a Bajo 

village, receiving large sediment and nutrient loads, and suffers greatly from 

fishing pressure (including destructive artisanal fishing techniques). Along the 

Hoga Home Reef the no-take area (NTA), set up in 2000, has led to an 

increase in habitat quality and fish populations (May, 2003; Kardana & Smith, 

Unpublished 2006). This section of reef was used as a pristine site for this 

study. Kaledupa was used to represent an intermediate quality site due to the 
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reef suffering destructive fishing techniques in the past. To confirm these 

choices of study sites, tree benthic quality transects were carried out at each 

site (50m point-intercept transects with readings every 0.5m). The reef 

monitoring code was used to classify benthic characteristics, as described by 

English et al., (1997). Once the quality of each site had been confirmed, the 

remainder of the methodology was carried out as follows to address the 

second objective: to determine population and assemblage of Scaridae 

species at each study reef, before selecting the most common species for 

further study. Three 50m belt transects were laid at each site (5m wide and 

3m deep), along which numbers of all Scaridae species were recorded. The 

three species present at all sites in the highest abundance were chosen for 

further studies Along the same belt transects, the numbers of all non-

Scaridae families were also recorded. An ethogram was designed for the 

three chosen Scaridae species. This was achieved by carrying out preliminary 

observations to identify all behavioural traits. At each site, five individuals of 

each species were observed for 10 minute periods, during which the time 

spent on each behavioural trait was recorded. Also during these observation 

periods, the food sources utilised and the bite rates were also recorded. This 

allowed for focus and diffuse feeing strategies to be assessed, and the 

resource partitioning between species to be studied 

 

In addition bite scar data was also collected along 50m transects, identifying the 

colony affected, the size of the colony and the percent cover of scars per colony. 

 

2.2.7. Coral disease prevalence in Wakatobi Marine Park, South-East 
Sulawesi, Indonesia 

 

Research Assistant: Carol Morris 

 
Introduction 
More than 80% of the world’s coral reefs can be found in the Indo – Pacific. Coral 

reefs exist in dynamic equilibrium and require specific conditions to grow and 

reproduce. Even small changes in these parameters can have a huge impact on the 

coral. 
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Coral reef mortality is on the increase, it is estimated that 20% have already been 

destroyed. It is predicted that 24% are at immediate risk and a further 26% are under 

long term threat of destruction.  

Factors contributing to coral reef mortality include pollution, nutrient enrichment, 

eutrophication, sedimentation, mining, over exploitation of marine species and 

physical destruction of the reef. 

 

Coral diseases in the past have been largely overlooked as a major cause in the 

decline and mortality of reefs, but recent evidence suggests that in fact their effects 

are substantial and their prevalence and severity have increased over the last twenty 

years and they continue to increase. Coral diseases are now recognised as an 

important source of change in the marine environment, affecting a range of genera 

including endangered, commercially valuable and habitat forming species.  

The rate of spread of coral disease through the colony is specie specific and it is 

possible that some species of coral are more susceptible than others, especially 

under adverse conditions caused by anthropogenic factors. 

 

Within the Wakatobi marine park there have been relatively few studies conducted on 

the prevalence, severity and dynamics of disease, when compared with other parts of 

the world, e.g. the Great Barrier Reef and the Caribbean. 

 

Aim and objectives 

To determine the abundance and severity of disease at three sites within the 

Wakatobi and to monitor disease dynamics in some selected colonies. 

 

• Which diseases are most prevalent in this area? 

• Which corals are affected? 

- Are some more prone to infection than others? 

- Does the size/age of the colony affect the presence or absence of disease? 

- Is there a link between predation and the spread of coral disease? 

- Are the affected corals situated close together? 

• Does the morphology of the reef have an affect on the type of disease 

present? 

• Is the occurrence of disease affected by depth? 

• How quickly do diseases spread? 

- Are some spreading faster than others? 
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Methodology 
Although very limited, previous literature was studied to ascertain the type of 

diseases found within this area. Permission was given to use the names that they 

had previously been used to describe the different diseases (Jess & Jess 2005). I 

then took my own photos and made a key for my reference and for clarity when 

explaining my results. 

 

Three sites were compared within the Wakatobi. Sampela, a lagoon reef highly 

impacted and light limited, situated close to a Bajo village.  Kaledupa 1, a steep 

sloping reef moderately exposed and Hoga Home reef Buoy three, a steep wall with 

ledges and overhangs. At  site nine 30m line intercept transects were conducted, 

three at 1-3m, 3 at 4-7m and three at 8-12m. 

 

Data was recorded along the entire transect with no gaps left covering a distance of 

3000cm per transect (positions taken from the tape measure) (guidelines from 

English et al). The scleratinian corals were recorded to genus level and their length 

and width measured. If the colony was diseased or had been predated on it was 

recorded along with the approximate percentage the colony that was infected. 

 

2.2.7. The effect of Sedimentation on the species diversity of Bivalve 
molluscs and the size of Tridacna crocea 

 
Research Assistant: Chris Grant 
 

Introduction 

Coral reefs are complex ecosystems which support a highly diverse community. Most 

coral reefs occur in shallow tropical waters. The proximity of reefs to the coast 

exposes them to many pressures, both natural and anthropogenic. The three main 

forms of anthropogenic pressures are pollution, sedimentation and exploitation. 

 

Like many other marine parks in Indonesia, the Wakatobi park is home to a number 

of fishing communities and thus its reefs have been threatened by overexploitation. A 

no take zone has been implemented which is 500m long and between 100 to 150m 

wide, however this is a very small proportion of the park as a whole. Even with 

restrictions in place, fishing still occurs within the no take zone. It is however, the 

illegal methods of fishing, in the forms of Dynamite and Cyanide fishing, which take 

place throughout the park which cause the most damage to the reef ecosystems. 
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With only one patrol boat, it is very difficult to police such a large area and 

exploitation of the reef fisheries still occur. Chemical pollution is minimal in the 

Wakatobi, due to the lack of industry on the surrounding islands, however sewage 

pollution and sedimentation are high due to the poor treatment and disposal of waste 

and also from farming pressures, such as the removal of mangroves from the 

coastline. The Bajo village of Sampela is built completely above the water, 

comprising of stilted houses and adjoining bridges. These houses are built by 

destroying the reef flats to provide solid foundations. 

 

The populations of many species of bivalve mollusc have been exploited for human 

consumption. Many of these populations have been depleted greatly as a result of 

unsustainable levels of harvesting, and also by epizoics caused by the translocation 

of stocks from one location to another in the effort to restock overexploited regions.  

(European Commission Council Directive 91/492/EEC). 

 

Aims 

To assess the effect of anthropogenic pressures upon the species diversity of Bivalve 

molluscs and the size of the giant clam species Tridacna crocea, focussing mainly on 

the effects caused by sedimentation. 

 

Objectives 

The species diversity of bivalves was record and compared at three depths at each 

site along with the size and densities of Tridacna crocea. Sedimentation rates were 

also assessed at each of the sites along with the light intensity (Hobo, Data Logger).  

 

Methods 
Three sites affected by varying levels of anthropogenic factors were used in the 

study. Sampela as the heavily impacted site, Kaledupa 1 as a pristine, non-impacted 

site and Pak Kasims as an intermediate of Sampela and Kaledupa 1. 
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Species Diversity 

Species diversity was recorded using time and effort restriction transects. Each was 

40m long and was carried out in 10mins. 3 transects were carried out at depths of 

3m, 6m and 12m at each site. Every bivalve encountered was photographed for 

identification once back on land. 

 

Tridacna Size 

Further time and effort restriction transects were carried out. 4 transects were carried 

out at each site between the depths of 0m and 6m. Each was 100m long and was 

carried out in 20mins. The length of the shell mantle of each T.crocea was measured 

as were the diameters of the inhalant and exhalent siphons. 

 

Sedimentation Rate 

Sedimentation was measured using self-manufactured sedimentation traps made 

from 1.5l bottles. 

 

Four replicate traps were deployed at depths of 12m, 6m and 3m at each of the three 

sites. These traps were left for ten days prior to retrieval. The water in each trap was 

filtered and the sediment dried. The mass of sediment collected in each trap was 

measured using an electronic balance. 
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Light Intensity and Temperature 

Light intensity and temperature were measured at depth of 15m, 12m, 9m, 6m and 

3m using a HOBOware datalogger. Both physical factors were measured at 0900hrs 

and 1300hrs on the same day and a mean intensity and temperature taken for each 

depth. 

 

 

 
 

2.2.9. Grouper size, distribution and species composition in the Wakatobi 
National Park, Indonesia. 

 
Research Assistants: Richard Cottrell, Tom Astley and Martin Hooper 
 
Groupers (family: Serranidae, sub-family; Epinephelinae) are large heavy bodied fish 

which play a noteworthy predatory role amongst the world’s reefs. Many reef areas 

exposed to fishing through lack of sustainable enforcement and lack of education are 

feared to have seriously depleted stocks. Groupers themselves are extremely 

important in terms of the fisheries industry and ecological stability (through their 
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existence as apex predators in many ecosystems) - and the decline of stocks has 

spurred new interest in relative abundance and zonation of grouper species 

(Donaldson TJ 2002, Beets et al, 1992).  

 

110 species of groupers exist in the Indo-Pacific, most occurring in relatively shallow 

water but found as deep as 500m. Groupers are all carnivorous and feed on 

crustaceans, smaller fish and cephalopods (Randall and Heemstra, 1991). Being 

ambush predators, groupers hunt mainly at night with sporadic opportunistic feeding 

during the twilight hours of dawn and dusk.  

 

The Indo-pacific species which are particularly over fished (with many sympatric 

species sharing the same habitat) have oddly had very little focus on quantitative 

surveys in the past (Donaldson 2002). Russ et al (1998) notes that large predators 

on the reef such as groupers have very vulnerable life histories with low growth, 

recruitment and mortality rates in their natural habitat leading to sensitivity to fishing. 

Natural fishing experiments in the past have shown that the Serranidae and other 

reef predators decreased significantly when fished intensively and increased slowly 

only when protected over a prolonged period of time (Russ et al, 1998).  

 

Groupers and other members of the Epinephelinae are among some of the most 

commonly misidentified groups of fish, owing to strong inter-species similarities in 

adult forms, with conspicuously different juvenile variants intra-species (Randall and 

Heemstra, 1991). Data provided on the species structure and abundance can  

therefore provide an insight onto population structure and stability of these highly 

important members of the reef community. 

 

This study was directed at investigating the zonation of different assemblages of 

members of the family Serranidae and reasons for their distribution and size 

variation. Groupers have been strongly linked to sensitivity in habitat structure in 

many studies (Sluka et al 1997; Parish 1987; Connell and Kingsford 1998). These 

studies have indicated the association of certain grouper species to a preferred 

habitat, leaving particular members of this predatory family more at risk to 

unsustainable fishing than others. 
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Aim  

This study investigated the patterns of zonation of groupers in the reef environment, 

their abundance at sites with varying levels of impaction from human influence and 

their distribution in terms of size amongst the reef zones and sites. 

 

Objectives 

1. Studying the size, abundance, species composition and zonation of 

groupers at 4 sites of various impactions. 

2. Determining whether Grouper abundance is significantly affected by 

percentage coral cover at each site 

3. Ascertaining how individual species composition and size is significantly 

altered with benthic variation. 

4. Establishing how overall diversity and abundance non-Serranidae species 

may affect the abundance, species composition and size of Groupers, in 

terms of prey or competition. 

 

Methodology 
 

Timed Counts  

15min swims in haphazard directions were conducted using SCUBA (based around 

100 kick cycles) at three different zones on the reef, noting grouper species, 

abundance and size of individuals  Groupers seen 2.5m either side and 2.5m above 

or below the diver were recorded, giving a 25m3 cross section to each transect. 

Repeats from the reef flat, crest and slope (6-9m from crest) were carried out and 

timed counts were carried out at each of four sites. Buoy 3 and Buoy 4 flats were 

snorkelled due to the shallow layout of the reef flat. 

 

Benthic Transects  

50m point intercept transects were conducted at each site. Transects were 

conducted using the Line Intercept Method every 50cm with 3 independent  

replicates at each reef zone – flat, crest and slope at same depths as timed counts. 

 

Fish abundance transects  

50m transects were laid at each zone as with benthic transects.  Fish 2.5m either 

side and above or below the diver were identified to family level. 3 repeats were 

conducted at each site. 
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2.2.10. Disease and Corallivore activity within the Northern Wakatobi  
 

Research Assistant: Alessandra Perbellini and Jessica Trebilco 

 

Introduction 
The world’s coral reefs are in severe decline.  It has been estimates 

(Wilkinson, 2004) that 20% of reefs have been totally destroyed, 24% are 

under imminent risk of collapse and a further 26% are under long-term threat 

of collapse. The factors that trigger this continuous decline can be directly 

related to the increased rate of predation, diseases and infections.     

 

Although a number of diseases type have been previously investigated, 

causative factors are still uncertain. Molecular analysis is required to assess 

whether the infected coral colonies have bacteria or pathogenic origin (Smith, 

2004). 

 

For the past 8 years Operation Wallacea Scientists and General Volunteers 

have recorded data from line transects distributed over a large area around 

the islands of Hoga and Kaledupa. Those data represent a great value to 

scientists and Wakatobi marine park managers and regular surveys should be 

conducted every year to monitor the reefs state in order to be able to apply a 

conservation programme. 

 

Aims & Objectives 

The aim of this study were to  

1. Estimate the rate of predation by Drupella and by Acantaster 

planci compare to the rate of diseases types infecting corals at 

five representative sites in three different habitats around the 

island of Hoga and Kaledupa. 
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2. To estimate the frequency of predation also by reef fish and the 

number of colonies predated  

3. Which coral  genera are most predated and why 

4. Differences in number of Drupella and Acantaster planci at  

  different habitats (flat, crest and slope) within the different sites 

5. Assessment of percentage of benthic cover 

 

Methods 
The study was undertaken in the Wakatobi National Marine Park, Sulawesi, 

Indonesia. Five sites were selected for the study. Sampela – a degraded site; 

Pak Kasims – intermediate site; Kaledupa 1 – a   Not fish taken area, Ridge 1 

and Kaledupa Double Spur. 

 

As an indicator of habitat quality the following were assessed: 

• High hard coral diversity, richness 

• High overall benthic richness 

• Cover of rubble rock and sand  

• Data on visibility which is affected by suspended sediment 

(measurement of underwater visibility were taken using a horizontal 

Secchi disk on every dive to establish the impact of suspended 

sediment on the amount of light reaching the reef  

 

To measure the rate of predation by Drupella and Achantaster planci along 

with the rate and distribution of disease and predation by fish, 3 replicates of 

transects (9 transects at each sites) were laid at 3 different depths in all 5 

different sites. The depths that were used were the reef flat, which is located 

between 0-5 metres; the crest between 5-10 metres and the slope between 

10-15 metres. 

 

Using a 30 metre long belt transect, recording data 1 metre either side of the 

transect tape. All the coral encountered within the transect was recorded. The 

transect lines were laid straight, following the topographic contours within the 

recommended depth range. Coral species and morphology within the selected 
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area of the transects were recorded as well as any algal colonization, 

predation and diseases on coral colony. 

 

Any coral colony encountered along the transect it was determined what the 

coral was and whether the colony was healthy, predated, affected by ‘disease’ 

or bleached. The categories were recorded on slates during the dives by 

swimming along lines which were placed roughly parallel to the reef crest at 

the 3 depths. Images were provided by using a camera with an underwater 

housing. 

 

Benthic cover were classified by using the following categories 

 
ACB Acropora Branching 
ACT Acropora Tabular 
ACRS Acropora Submassive 
CF Coral Foliose 
CB Coral Branching 
CL Coral Lamine 
CE Coral Encrusting  
CMR Coral Mushroom 
CME Millepora 
SP Sponges 
SC Soft Coral 
A Algae 
DC Dead coral 
DCA Dead coral with algae 
 

In order to categorise diseases-infections, results from previous years were 

analysed and pictures were used for rapid identification 

 

Categories of diseases and predation 
Bites from fish 
Drupella 
Achantaster     Lanci 
White Pox 
Bleaching 
White Syndrome 
Green Band 
Pigmented   Spot 
Unknown 
. 
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2.2.11. The importance of Coral Colonies in supporting Coral Reef Fish 
populations. 

 
Research Assistants:  Francis Mcllduff, Dan Exton and Jessica Trebilco 
 
Introduction 
Coral reefs, along with rain forests, are the earths most productive ecosystems but 

are also fragile and are. They are described as shallow limestone formations in 

tropical waters which are classed as marine biogenic and wave resistant carbonate 

structures that are composed of shells and skeletons of reef building organisms. 

    

The Wakatobi Marine National park, established in 1996, is home to 300 different 

species of coral (Smith, Opwall, 2005). These coral species whether hard coral or 

soft coral, support a vast amount of fish species in the surrounding area. Each fish 

species use the coral for different reasons, for example some use corals for 

protection and some use them as a food source. 

  

Different coral species as well as different morphological growth forms, are important 

in determining what species of fish utilize the coral and for what reason. There are 

three main families of hard coral that are utilized by coral reef fish populations on a 

regular basis. Tubastraea, Pocillopora and Acropora are found at and between 

different sites within the Wakatobi area specifically at the Hoga Marine Research 

Station. Tubastraea are frequently found throughout reefs and as they do not depend 

on light they usually colonise steep slopes, reef over hangs or roof of caves.  

 

Tubastraea, being ahermatypic, can compete extremely well with hermatypic coral 

communities that are not dominated by Acropora species. Tubastraea is a 

zooplankton feeder and at night it extends its tentacles which entice plankton to swim 

toward them and then they engulf the naïve plankton organisms. Pocillopora is 

identified by the presence of wart-like growths, called verrucae, which cover the 

colonies. Pocillopora species’ show marked changes in growth forms according to 

environmental conditions and geographical location. On shallow reef fronts exposed 

to heavy wave action, all species of Pocillopora are relatively stunted, while in deep 

water, branches are open. The effects are so extreme that colonies of different 

species on reef fronts may resemble each other more than colonies of the same 

species in deeper water.  
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Acropora has a light skeleton which allows it to grow quickly and out compete 

neighbours. It’s abundant throughout reef systems due to its profuse amount of 

species diversity. Acropora can be classified as elk-horn coral (where branches of 

the coral form tree-like structures) thickets which reduce incoming wave energy, 

offering critical protection to coastlines. Being highly sensitive to environmental 

stresses, Acropora corals are established as good biological indicators of the health 

of reef ecosystems and of the global environment. As such, their essential structural 

and ecological role is irreplaceable and their loss threatens the entire reef ecosystem 

and thus the organisms associated with the reef.   

  

These corals exhibit different morphological variations depending on the particular 

species of the coral. Three different growth forms were examined during this study; 

Branching, Sub-Massive and Tabulate. Branching coral is associated with the 

Tubastraea and Acropora corals and is described as 3D tubular corals that show 

evidence of secondary branching. Sub-Massive coral is associated with Pocillopora 

and is described as 3D tubular corals that stand erect but show no evidence of 

secondary branching. Tabulate coral is associated with Acropora and is described as 

a 2D sheet like, lying erect off, but horizontal to, the substratum.  

 

Due to the quality of the reefs around Hoga these three corals are in abundance as 

well as the different morphological variations within each coral genus.  

 

Aim and Objectives 

To investigate the importance of three species of coral, Tubastraea, Pocillopora and 

Acropora, in supporting coral reef fish populations. 

 

Objectives: 

• Compare the Fish abundance between each species of coral at two depth 

levels. 

• Compare the fish diversity between each species of coral at two depth levels. 

• Compare the fish abundance between each species of coal and between 

each site. 

• Compare the fish diversity between each species of coral and between each 

site.  
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Methodology 
Upon entering the water, a colony of either Tubastraea, Pocillopora or Acropora was 

located (haphazard sampling strategy). Once a colony was found the colony was 

approached retaining a distance of two meters and two minutes was allowed to pass 

before the survey was initiated. This gave resident the fish species time to settle. 

After the settling time, the fish species and number was recorded that were 

associated with the coral colony subject. Transient and permanent (present for the 

whole survey time) were recorded. After the fish analysis, the coral colony 

measurements were taken: length, width and height of the colony (average after 

several repeated measures using different axis). Note the colony morphology. A pilot 

study was conducted to observe what length of time is appropriate for recording fish; 

it was deduced that a two minute settle period was sufficient enough to allow the fish 

to resume normality and also it was observed that species composition and 

abundance did not change over twenty minutes and thus fifteen minutes was chosen 

for observation.  

 

These measures were repeated three times for each coral species at two depths; 6 

meters and 12 meters. Four sites were chosen in the vicinity of the Hoga Marine 

Research Station; Kaladupa 1, Pak Kasims, Buoy 3 and Sampela. These sites were 

chosen because of their varying levels of degradation. Sampela being a damaged 

site and Buoy 3, Pak Kasims and Kaladupa  1 being pristine sites. 

 

2.2.12. The ecology and diversity of intertidal patch reefs (coral 
bombies): spatial and temporal variations in fish communities 
and the influence of reef quality on community diversity 

 

A series of studies were instigated in to the diversity and conservation value of 

intertidal and shallow subtidal habitats around Hoga during 2006. The majority of fish 

diversity exists around small often isolated patch reefs herein termed Coral Bombies. 

The community structure and the factors that influence fish diversity around these 

coral bombies were studied through a range of investigations. Several projects were 

initiated due to the importance of these coral bombies to over fish diversity and 

because they have been heavily exploited (e.g. by coral mining extraction) and are 

susceptible to climate change (i.e. increased number of “hot days” thereby increasing 

light intensities coupled with increases in sea water temperate (see Smith et al 2005 

Global Change Biology). Also, as coral bombies are patches of reef, of numerous 
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size and connectivity, they may ideal case studies to explore ecological theory e.g. 

island biogeography, spatial and temporal scales and within reef connectivity. 

 

2.2.12.1. Investigation into the habitat characteristics which 

determine the abundance of resident and transient fish 

populations on reef flat coral bombies 

 

Research Assistant: Rosalind Howes  

 

Introduction: 
Hoga is a coral island in the epicentre of one of the global biodiversity hotspots, with 

more than 400 coral species supporting over 600 fish species. As such, this fringing 

reef makes the ideal study area for increasing our understanding of the assembly 

rules allowing the coexistence of such high diversity of organisms.  

 

Coral reefs give rise to a number of habitats. The main reef crest (where biodiversity 

is greatest) protects the shallow intertidal reef flat zone. The reef flats surrounding 

Hoga support sea grass beds near the shore and then a barer sandy zone between 

these and the crest, with isolated coral outcrops in a bed of dead coral fragments and 

sand. These coral patches (referred to hereafter as ‘bombies’) support high fish 

diversity. Some of these fish species are found to be permanently resident on single 

bombies, whereas others are only transient. The extent to which the fish population is 

dependent upon the bombie is therefore variable. The distinction between the relative 

importance of individual bombies to transient and resident fish has important 

consequences for the conservational value of bombies. Populations of resident 

species are likely to be highly disrupted by bombie degradation, whereas transient 

populations will be less directly affected. Bombies supporting large populations of 

resident species have an inherently greater conservational value. An understanding 

of which bombies this applies to is especially important in areas where the bombie 

habitat is at risk of degradation or exploitation.  The local populations around Hoga 

island have been found to mine the corals, and bombies are especially at risk as they 

are more easily accessible than reef crest corals.  Their position on the reef flats also 

make bombies highly vulnerable to climate changes, in particular sea level changes 

and the close association that temperature will have with this.  

 

This project therefore aims to investigate the factors which determine the numbers of 

fish species present on bombies. Previous investigations have shown the number of 
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species present on bombies to vary between bombies. This project will therefore 

investigate which features of bombies are likely to increase their carrying capacity in 

terms of both resident and transient species. Resident species will need to be 

characterised. It is predicted that although some species will be classed as resident 

over short timescales, these may not remain so at different tidal heights, and turnover 

over a longer timescale is also anticipated. This is predicted to affect mainly the 

transient species. Behaviour, as a consequence of resource requirements is likely to 

determine whether species are resident or transient on the bombies.  

The ultimate goal of this project is to assess which bombie characteristics support the 

greatest fish diversity, both in terms of resident and transient species. This could 

potentially allow for an optimal artificial bombie design as a conservational tool to 

sustain fish populations in areas where their natural habitats have been degraded. It 

is anticipated that different structural components of bombies will support different 

fish families. The project aims are going to be approached by undertaking the 

following objectives:  

 Objective 1: See whether fish populations are stable assemblages, or ـ

whether instead they vary over time. See whether fish taxa are consistently 

transient or resident over a 9 day period. 

 Objective 2: If objective 1 shows populations to be consistent, examine the ـ

differences in populations at high and low tide 

 Objective 3: Relate the abundance of resident and transient species to habitat ـ

characteristics. To do this, the fish populations on bombies of varying 

composition will be compared. Other variables such as isolation and tide 

height will be kept constant.  

 

For the purposes of this study, taxa were defined as resident if present for more than 

75% of the sampling time. 

 

 

Methodology 

Study site: Bombies on the reef flat between buoys 2 and 3 on the Home Reef on the 

west shore of Hoga Island in the Wakatobi National Marine Park, SE Sulawesi, 

Indonesia.  

 

Many variables are likely to affect fish populations on the bombies, including tide 

differences, isolation from the crest, bombie size and structure.  These must 
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therefore either be monitored or kept constant. The project’s dependent variables 

include bombie structure and tidal differences. Other variables will be consistent.  

Preliminary snorkels were carried out to decide upon some of these variables: 

- Distance from the crest was set at 50m, as bombies at this distance were 

significantly isolated from each other to allow the distinction between resident 

and transient species. Bombies in this area were also seen to support a wide 

diversity of fish, including species usually present on the reef. Further away 

from the crest, towards the seagrass beds, the relative proportion of juveniles 

increases. Constant distance from the crest ensures that bombie density, and 

hence isolation, will be constant. A figure for bombie density and estimated 

isolation will be calculated from benthic transects at a later date.  

- The two tidal height boundaries were set by experimental limitations. It was 

found that tide heights greater than 1.9 made fish identification unreliable. 

Tides lower than 0.9 meant that I was too close to the bombies, so risking 

damaging the corals. Being so close to the bombies also affected the fish 

behaviour. Tidal boundaries were therefore set at 0.9 to 1.2 and 1.6 to 1.9. In 

practical terms, this allowed windows of 2 to 3 hours when tide levels were 

suitable to data collection.  

- Bombie size is another highly variable factor. A size range was fixed at 0.5 to 

1.5m for the bombie’s longest axis. Bombies smaller than this supported too 

few species to allow an insight into the project aims, while bombies larger 

than this made reliable observation and measurements difficult.  

 

To address the three main objectives, the following schedule was decided upon 

(totalling 65½ hours observation time): 

 

Objective 1 – turnover over 9 days 13 bombies surveyed 3 times (giving a sample of 13 x 
3 = 39 data sets) 

Objective 2 – low tide 45 bombies (same bombies as those above) 
Objective 3 – habitat 60 bombies at high tide. Habitat described for each. 
 

Bombie descriptions 

For each bombie, habitat must be described, as well as fish diversity and abundance 

characterised. Habitat complexity can be defined to many levels. The simplest 

measure of habitat complexity is arguably area, then rugosity; more informative 

descriptions include % cover of each life form, and the branching density of these life 

forms. All of these variables were measured, so as to ensure the most detailed 

description possible. From these, comparisons of coral growth forms, soft and dead 
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coral cover, live and dead cover, overall number of life forms and bombie size (area) 

will be possible.  

 

Fish surveys 

Fish surveys must ensure that the surveying period will allow a representative view of 

all resident and transient fish. It must also allow the distinction between resident and 

transient species. A number of species-time counts carried out on bombies of varying 

size and composition were carried out, leading me to choose 22 mins as my 

observation period. The abundance of each fish population was recorded at 2 mins 

intervals. 
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Repeated surveys 

A selection of 13 bombies were randomly selected to be resurveyed every four days 

to assess changes over a total period of 9 days and to determine if one sampling 

point in time was sufficient to characterise the fish community assemblage. 

 

2.2.12.2. Juvenile Utilization of the Intertidal Coral Habitat 

 

Research Assistant: Alana Williamson 

 

 

Coral bombies are outcrops of coral found in the intertidal area between the reef flat 

and the sea grass beds and tend to be separated from other coral structures by coral 

rubble, open sand patches and sea grass.  Mining of the coral bombie habitat is 
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evident in nearby Sampela and it is therefore important to understand the ecological 

significance of this type of habitat in order to assess the impact of such destructive 

processes. 

 

Many fish taxa settle in separate habitats from those used by adults.  This may serve 

to ‘decouple adult reproduction from recruitment of new individuals into the local 

population, or to decouple settlement of larvae from population dynamics of local 

adult populations’ (Adams & Ebersole 2002).  Studies by Nagelkerken et al 2000 

show the use of back-reef and lagoon areas of bank-barrier reefs on St Croix, US 

Virgin Islands as nursery habitats.  Similar studies on the importance of off-reef 

habitats to ontogenic development by Adams & Ebersole 2002 also show the juvenile 

utilization of lagoon patch-reef and rubble habitats.  

 

Generally, a habitat can be recognized as a nursery if juveniles occur in high 

densities, suffer lower predation or have greater growth rates than in other habitats. 

The ‘Nursery concept’ suggests that juveniles reside in seagrass beds or mangroves 

and migrate into reefs in adulthood.  Studies have shown that the sea grass habitats 

around Hoga Island are used by juvenile populations (Unsworth et al unpublished).  

The intention of this study was to examine the conservational value of neighbouring 

intertidal coral habitat as a juvenile habitat. 

 

Aims 

• To study the spatial distribution of juveniles of 13 species using the bombie 

habitat, to investigate correlations between the size class structure of the fish 

assemblages present and distance from the crest.  

• To investigate how the bombies are used by juveniles  

• To investigate the effect of tidal height on the juvenile utilization of the area. 

 

Objectives 

• To record and compare the densities and size classes of selected species at 

high tide (1.9-1.5m) and low tide (1.2-0.8m) at four sites: the reef crest, the 

reef flat, the bombie habitat and the fringing sea grass habitat  

• To record the usage of the bombies by juveniles: Transient Contact or 

Transient No Contact 

• To monitor behaviour of the selected species and their interconnective use of 

the intertidal habitats 
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Methods 
This study was conducted between July and August 2006 on the Home Reef off 

Hoga Island in the Wakatobi National Marine Park, SE Sulawesi.  Four study sites 

were chosen; the reef crest, the reef flat as defined at 20m from the crest, the bombie 

habitat as defined at 60m from the crest and the fringing sea grass habitat as defined 

at 120m from the crest.   

 

Preliminary surveys were made to select 13 focal species based on frequency of 

occurrence and overall abundance in the bombie habitats (see table).  To measure 

abundance and size structure of the selected 13 species in each of the habitats, ten 

independent randomly selected replicates were taken using 4x4m quadrats for each 

of the 4 study sites at both low and high tide.  Percentage cover of the benthic habitat 

was also recorded. 

   

Juvenile status was defined as those individuals less than one third of the maximum 

size, in accordance with Fishbase, with fish length recorded in increments of 2.5cm.  

Underwater exercises were undertaken using wooden models to standardize size 

estimations.  

 

In order to establish the densities of the selected species in relation to overall fish 

assemblages 3x50m transects were carried out at each of the sites.  

 

To identify inter-habitat fish movements and home range, 10 individuals (5 juveniles 

and 5 adults) of 4 species were followed for a period of 10 minutes with GPS 

tracking.  General behaviour such as roaming and feeding were also recorded to 

establish patterns of use of each of the habitats. 

 

2.2.12.3. Fish Population Structure on Coral Bombies 
on the Reef Flats 

 

Research Assistant: Lydia Fenny 

 

Introduction 
 

The bombie habitat has conservation value to the overall health of the reef.  There is 

a lot of fish diversity within the bombie area, also the overall diversity so corals and 

invertebrates that all live there.  The bombies are highly impacted by climate change, 
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sea level changes and water temperature changes could have huge effects on their 

future.  The bombies are also a prime target for coral mining as they are an easy 

source of live coral at shallow depths.  The bombies are an important habitat for 

transient fish, fish who may come to the bombies for feeding or laying eggs, thus they 

are important for juveniles and their development to life on the reef crest. 

 

Off of the island of Hoga, Sulawesi, Indonesia the coral bombies are detached from 

the fringing reef that surrounds to island.  The substrate between the bombies varies 

with the distance from the reef crest, with the majority being coral rubble and sand, 

as you get nearer the shore bombies arise within the sea grass area. 

 

This study aims to determine the relationship between structural complexity, coral 

genera cover and fish populations on coral bombies.  As well as looking at the affect 

of increased distance from the reef crest on the bombie structure and the fish 

populations in the bombie habitat. 

 

Objectives 

Quantify structural complexity/rugosity of the coral bombies. 

Quantify the coral cover of different genera and growth forms of coral on the 

bombies. 

Collect fish family diversity data. 

Compare and analyse the coral composition with fish diversity   

 

Methods  
 

Pilot Studies 

Before collecting the data few preliminary snorkels were carried out to asses what 

the bombies were like and to get an idea of the families of fish present and the 

common coral genera.  Species time counts where then carried out  these are used 

to ensure that the time for looking at each bombie is appropriate in that you will not 

be sitting there too long gaining no new data, but also that the time is not too short so 

that fish present are missed out of the count.  A 2x2m quadrate for the time counts, 

counting all of the fish families that came into the quadrate every two minutes. 

 

From these snorkels it was  decided that 2 different distances from the reef crest 

would be studied: 50m and 100m.  Counts were only done at high tideto control for 
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the influence of variable tides.  This was because at low tide you would simply scare 

the fish away from the bombie when you snorkeled over it.   

 

Data Collection 

Bombies were selected at random,  but were always within a size range of 0.5m to 

2m along its longest axis. 

 

Fish data collection involved staying above or just behind a bombie for 15 minutes 

marking every family of fish that is present on the bombie and any fish that pass by 

the bombie in a 0.5m radius.  Bombie size was estimated by measuring along 3 

axes, using 2 tapes; one for measuring the coral cover and straight distances and 

another, a weighted tape, for working out rugosity. A continual line intercept 

technique was used to assess the benthic cover of the coral bombies. In total 30 

bombies were assessed at 50 m and 30 at 100 m. 

 

Five bombies were re-examined at each distance to collect repeat fish data to 

determine whether one sampling period was sufficient to characterise the bombies 

community structure.  

 

Background fish community was assessed by 50 m belt transects located within the 

coral bombie zones (three replicates in each zone). A point line intercept technique 

was used to characterise the benthic features of these transects.  

 

2.2.12.4. Analysis of nested subsets of Pomacentridae 

species assemblages on coral bombies 

 

Research Assistant: Francesca Rae 

 

Introduction 
Coral bombies are outcrops of coral surrounded by sand and are situated in the 

intertidal zone separated from the reef crest.  They can vary in size from a few tens 

of centimetres to several metres in length, and exhibit significant variation in shape 

and morphology. Their composition is usually a combination of dead and/or live coral 

and demonstrates a range of coral growth forms e.g. branching, submassive, 

massive, tabulate and encrusting which create varying levels of topographic 

complexity. 
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Coral bombies are important habitats as they support high levels of reef fish diversity. 

They interact in a number of ways with the fish communities acting as a food source, 

refuge from predation and nursery grounds for juvenile fish, to name a few. While the 

biology of coral bombies and its association with fish communities is of great interest, 

the spatial arrangement of bombies in the intertidal zone opens up a new avenue for 

studying conservation theory through the application of island biogeography 

concepts. In this investigation, an island biogeography theory referred to as 

‘nestedness’ will be applied to Pomacentridae (Damselfish) species assemblages 

firstly to see its applicability to the marine world and secondly to use it as a model to 

explore various conservation strategies. 

 

The “nested subset hypothesis” was formalised and quantified by Patterson and 

Atmar (1986). Although numerous studies have examined nestedness (Culter, 1991; 

Wright and Reeves, 1992; Atmar and Patterson; 1993; Wright et al, 1998; Martinez-

Morales 2005) it still remains relatively new and unexhausted area of study within the 

literature. Nestedness of species assemblages refers to the formation of nonrandom 

subsets in the faunas of fragmented habitat islands (Cutler, 1991) whereby the biotas 

of sites with lower numbers of species tend to be subsets of the biotas at richer sites 

(Wright and Reeves, 1992). The hypothesis i.e. perfect nestedness occurs when 

each species is present in all biotas richer than the most depauperate site in which it 

occurs (Patterson and Atmar, 1986). Thus, in nested biotas, common species tend to 

occur in all sites, whereas rare species are only found on species rich 

infracommunities (Poulin, 1996; Hecnar et al, 2002). It has been stated by many that 

nestedness is the norm in nature (Wright and Reeves, 1992), however debate 

remains over the extent to which ecological and evolutionary rules influence the 

structuring of ecological communities (Patterson, 1990) in addition to the exact 

definition of the null hypothesis in the context of nestedness (Patterson and Atmar, 

1986; Wright et al, 1998). 

 

Analysis of nested subsets in fish assemblages is heavily understudied in the 

literature with only one study found thus far analysing nestedness of coral reef fish 

across a set of fringing reefs (McLain and Pratt, 1999). Most of the literature on 

nestedness so far has also focused on ‘real’ islands or fragmentation of previously 

contiguous islands, this study, however, examines coral bombies where despite not 

being ‘real’ islands their fragmented nature allows them to function similarly in the 

context of island biogeography. Debate over the causality of nestedness has played 

a dominant role in the literature, with initial dispute over whether deterministic or 
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stochastic events were the cause. However, recent studies have attempted to 

determine whether nested subsets are the result of immigration or extinction (Wright 

et al 1998). Atmar and Patterson (1993) have leaned towards the latter whereby they 

believe that extinction order i.e. each species goes extinct in turn as it falls below its 

minimum sustainable population size, is more likely to generate nestedness than by 

immigration into depauperate areas, which they claim forms less definitive subsets. 

Immigration, however, could obscure strong patterns of nestedness created by 

extinction alone by re-establishing species on islands where they had been lost, thus 

jumbling the extinction order. Similarly immigration can also show significant 

nestedness due to consistent ordering of colonization by different species as 

Patterson (1990) found. However as immigration an ephemeral process and such 

systems soon begin to experience extinction, nested patterns can be difficult to 

detect in immigration dominated systems (Wright and Reeves, 1992). Both 

immigration and extinction are difficult to examine, particularly in such a small scale 

investigation, but hopefully examination of the effects of isolation and bombie size on 

Pomacentridae species assemblages will give some insight into which process 

maybe more formative. 

 

Faunas on fragmented habitats are highly vulnerable to extinction, hence 

conservationists’ interest in maintaining their diversity. Nestedness has great 

implications for conservation and thus plays an important role in nature reserve 

acquisition and management, particularly within the SLOSS (single large or several 

small) debate. Assuming that the species-area relationship holds i.e. larger area, 

greater species diversity (Rosenweig, 1995), many authors (Patterson and Atmar, 

1986; Patterson, 1987; 1990; Boecklen, 1997) have argued that the presence of 

nestedness indicates that fewer, larger reserves would likely maximize total species 

richness within the reserve system. This is attributed to the fact that smaller, more 

species-poor reserves will tend to contain the same sets of species and thus lack in 

the rare ones, of which conservationists are most interested in.  

 

Aim: To establish and investigate patterns of nestedness in assemblages of 

Pomacentridae species on coral bombies. 

 

Objectives: 

1. To establish whether patterns of nestedness are evident in Pomacentridae 

species assemblages on coral bombies. 
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2. To investigate the influences on the formation of nested subsets with regard 

to isolation and area i.e. bombie size. 

3. To determine whether other factors such habitat structure influence 

Pomacentridae species assemblages. 

4. To determine the influence of scale on nestedness, comparing alpha scale 

verses gamma scale and the role of nestedness in studying beta diversity. 

5. To explore its implications for conservation particularly within the SLOSS 

(single large or several small) debate. 

 

Methodology 
A pilot study was performed in the first week of data collection to identify 

Pomacentridae species perform timed counts to construct a species-time curve. 

From the curve, the amount of time required to account for all Pomacentridae 

species on the bombie can be determined (fig 1). 

 

 
 

The following methods were employed to achieve each objective in this study. 

 

Objective 1 

• A line transect was carried along the bombie zone with a constant distance of 

40m from the reef crest. This allowed for environmental variables such as 

tidal regimes to remain relatively constant on a spatial scale. The distance 

from the reef crest (40m) was measured at 20m intervals to ensure that this 

remained consistent.  
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• Species presence-absence data was collected at each site to establish 

 patterns of nestedness. 

 

Objective 2 

• To determine the influence of bombie size, the longest and shortest axis was 

measured for each bombie. A sketch of the bombie was also made for a 

slightly more accurate representation of the bombie area.  

• To determine the effects of isolation on nestedness, the distance between 

each bombie along the line transect was recorded in addition to the sites’ 

nearest neighbour. A nearest neighbour analysis will be performed to 

determine the extent of clustering along the transect. 

 

Objective 3 

• Percentage cover of life forms was noted on each bombie to determine 

habitat structure and topographic complexity. 

• Five point intercept transects were performed to assess benthic data and five 

time and distance restricted fish transects were carried out across the main 

transect. Each transect was 50m long with an interval of 20m between each 

transect so as to avoid pseudoreplication. Benthic data was recorded every 

0.5m along the 50m transect, totaling to 100 points. Fish data was collected 

by swimming in a “zig zag” fashion along the transect, taking approximately 

40 minutes for each one to ensure all the fish were accounted for. 

• Species abundance data was collected at each bombie to allow for 

correlations with coral ecology and bombie area to be constructed. 

 

Species abundance data was repeated three times for ten of bombies to assess 

within bombie variation over time and ensure that the true population was sampled.  

Repeats were carried out every three days. 
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Fig 2: MDS plot of similarity index 

 
Anosim: 

 

An anosim was performed to determine the significance of the similarity index. A  

Global R value of -0.106 was obtained indicating no significant difference in variation  

within bombies. This implies that Pomacentridae species are resident species on  

coral bombies and gives confidence in the methods used as they are sampling the  

true population.  

 

NB: Objectives 4 and 5 will be explored within the discussion as further analysis and 

research is required to achieve them. 

 

2.2.13. Physiological adaptations of selected intertidal fishes and sea 
kraits, and a preliminary assessment of Asian water monitor 
population on Hoga Island. 

 
 
Research Assistants: Joni Barreda, Gabby Ahmadia, Tim Holton, Robert Wilson, 
Lyndsey Keen, Christina Gillar 
 
Topic 1: Oxygen Tolerance of Air-breathing Fishes of the Indo-Pacific 
 
Introduction 
Mudskippers (Family Gobiidae) and rockskippers (Family Blenniidae) are present in 

mangal habitats throughout the Indo-Pacific and into the Red Sea.  These fishes 

utilize oxygen in the air, as well as the water.  Mudskippers may spend up to 90% of 
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their time out of the water, while rockskippers emerge from mangal tidepools during 

the night or to escape predation.  Tidepools are harsh environments for animal life, 

having wide-ranging oxygen and temperature changes.  Temperatures may change 

by up to 20°C in a 24 hour period.  The oxygen content in the tide pools stays high 

during the day when primary producers are active, but drops to near 0.5 mg/L at 

night.  Animals living in these environments must have unique physiological 

adaptations to deal with these severe conditions.   

 

Being able to breathe in air is an incredibly unique adaptation for a fish.  For fishes, 

air breathing is advantageous because it allows exploitation of resources and escape 

from predators.  Because of the harsh conditions in the mangal habitat, air-breathing 

fishes accrue additional advantages because of wide-ranging tidal amplitudes, 

oxygen variability, and thermal shifts.   

 

Aims 

Determine the role of oxygen tolerance dictating spatial and media partitioning of 

mangal air breathing fishes. 

 

Objectives 

 

• Measure critical oxygen values of mudskippers and rockskippers 

• Evaluate escape responses 

• Interpret values relative to observed fish behavior 

• Evaluate the possibility of thermal tolerance as a masking factor to oxygen 

limitations 

 

Methods 
Five fish species, two mudskippers (Periophthalmus kalolo and P. argentilineatus) 

and three rockskippers (Istiblennius lineatus, Istiblennius dussumieri, and Paralticus 

amboinensis) will be collected from the mangal habitat on Hoga island, Southeast 

Sulawesi, Indonesia.  Mudskippers will be caught at night by immobilizing the fishes 

with light and capturing them in a net.  Rockskippers will be caught in a net in either 

the tide pool or on the rock edges of the tide pools.  Fishes will be brought back to 

the Hoga laboratory facility and kept in holding tanks.  Water will be changed daily 

and aerated continuously.   
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Five fishes, one of each species, will be placed in a 250 mL flask.  The flasks will rest 

in a water bath in order to maintain a constant temperature throughout each trial.  

Two tubes, one in-flow and one out-flow will run into each sealed flask.  A magnum 

drive pump will push water through the system and nitrogen from a tank will run 

through the system in the opposite direction of water flow.  As the nitrogen passes 

through the water, it will strip the water of oxygen, thereby depleting the oxygen in 

the water flowing to each fish.  Escape responses (ER) and Loss of Equilibrium 

(LOE) endpoints will be recorded.  Upon LOE, Biological Oxygen Demand (BOD) 

bottles will be collected from the flask and Winkler titration will be ran on the collected 

sample to determine the amount of oxygen contained in the animal’s chamber. 

Fishes will be placed in fully oxygenated water, allowed time to recover, and be 

returned to the site of collection.  Critical oxygen values will be recorded and 

compared with ANOVA statistics.   

 

Topic 2:  Temperature tolerance of selected damselfishes of Hoga Island, 

Southeast Sulawesi, Indonesia. 

Introduction 
Temperatures in the shallow-water habitats bordering the coral reefs of Hoga Island 

may vary by as much as 15ºC daily.  These highly variable thermal habitats are 

home to fish species with extremely high thermal tolerances, many in excess of 

42°C.  Comparatively little, however, is known about the effects of structure on the 

thermal tolerance of shallow water intertidal fish. Damselfish tend to stay in close 

proximity of branching corals and other such forms of cover, but little is known on 

how structure protection affects their thermal tolerance. 

 

For this project, a comparative study will be done testing the critical thermal 

maximum (CTmax) of several species of damselfish, including humbugs, found in the 

shallow patch reefs off Hoga. The CTmax of each fish will be tested with and without 

coral structure coverage. A better understanding of the physiological responses of 

area fishes to temperature could provide useful paradigms for explaining fish 

distributions and lead to a greater overall understanding of area ecology.   

 

 

Aims: 

To determine the effects of coral cover on temperature tolerance of place-bound and 

cruisorial damselfishes. 
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Objectives: 

• Estimate thermal tolerance of white-tail humbugs and black-spot sergeant 

damselfishes with and without coral cover. 

• Interpret values relative to behavior of each species on the reef. 

 

Methods 

Fish will be collected in the intertidal zones by snorkeling and capture with hand nets.  

They will be transported in floating baskets and then transferred to the marine 

laboratory.  Fish will be acclimated at 27 degrees C for one day prior to 

experimentation.  Twenty fish will be used for each trial. During the experiment, five 

fish at a time will be held in individual containers in a water bath. The bath will be 

heated at a constant rate of 0.3 degrees C per minute. The critical thermal maximum 

(CTmax) will be recorded for each fish at the point they lose equilibrium. The fish will 

be immediately removed after they reach their CTmax and returned to the holding 

tank. The CTmax of the fish will then be tested with structure in their individual 

container. The fish will be released after experimentation. The CTmax results with 

and without structure will be compared using one-way ANOVA statistical analysis. 

Topic 3: Evaporative water loss of air-breathing fishes of the Indo-Pacific. 

 
Introduction 
Mudskippers (family Gobiidae) and rockskippers (family Blenniidae) can be found on 

the mudflats of the lower mangal and in or near the rock tide pools of the upper 

mangal in Southeast Asia.  While mudskippers tend to spend 90% of their time 

emerged, there is some spatial distribution that has been observed between the two 

species (Periophthalmus kalolo and P. argentilineatus) in that the common 

mudskipper tends to be found on the mudflats, while the barred mudskipper stays 

near the prop roots of the mangroves.  Rockskippers stay submerged in the tidepools 

during the day except to escape predation and emerge for extended periods of time 

only at night.   

 

There may be some differences in the evaporative water loss (EWL) capability of 

these fishes that accounts for the observed behaviors in emergence time and 

location.  The physiology of these fishes dictates the behaviors practiced in their 

natural environment.  Evaporative water loss has been measured and quantified for 

many different species of plants and animals, but a value has never been determined 

for a fish.  While air breathing fishes in the Wakatobi are not exposed to low 
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humidities, testing their resilience to water loss will give some indication of spatial 

and media partitioning based on their physiology. 

 

The general scale that is used to measure how resistant an organism is to loss of 

water due to drying is based on previous testing on other species.  The least 

resistant animal, a slug, has a water loss resistance of 1.0 sec/cm, while several 

spiders show a water loss resistance of 100.0 sec/cm. 

 

Aims: 

Assess the role of evaporative water loss on distribution and behaviour of air-

breathing fishes. 

 

Objectives: 

• Determine water loss resistance of two families of air-breathing fishes. 

 

• To compare physiological mechanisms of evaporative water loss between air-

breathing fishes occupying different locations in the mangal habitats of 

Southeast Asia. 

 

• To determine evaporation effects of exposed air-breathing fishes during 

emergence due to low tidal amplitudes. 

  

Methods 
Five fish species, two mudskippers (Periophthalmus kalolo and P. argentilineatus) 

and three rockskippers (Istiblennius lineatus, Istiblennius dussumieri, and Paralticus 

amboinensis) will be collected from the mangal habitat on Hoga island, Southeast 

Sulawesi, Indonesia.  Mudskippers will be caught at night by immobilizing the fishes 

with light and capturing them in a net.  Rockskippers will be caught in a net in either 

the tide pool or on the rock edges of the tide pools.  Fishes will be brought back to 

the Hoga laboratory facility and kept in holding tanks.  Water will be changed daily 

and aerated continuously.   

 

A fish will be placed in an evaporative water loss chamber for each trial.  A scuba 

tank will deliver dry air to the system.  The air will be filtered through an air filter, flow 

through a drierite column, and pass into the chamber containing the fish.  Initial 

measurements for stabilization will be taken before the fish is placed in the chamber 

and upon addition of the animal, measurements will be taken until the humidity in the 
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system stabilizes.  A humidity meter will be inserted into the fish chamber and 

percent relative humidity, as well as air temperature, will be recorded every two 

minutes.  A flow meter will monitor the rate at which air flows from the tank into the 

chamber.  Upon completion of each trial, the skin temperature of the fish will be taken 

using an infra-red thermometer.  The fish will then be removed from the tube and 

placed in continuously aerated water for recovery.  Surface area measurements will 

be recorded and the fish will be released at the site of capture. 

 

Topic 4:  Pulmonary and cutaneous oxygen uptake of banded sea kraits at two 

different temperatures. 

 

Introduction 
Oxygen uptake of banded sea kraits has been studied and is well-documented in 

scientific literature.  Sea snakes have the ability to obtain over 20% of their oxygen 

requirements across skin surfaces.  While this ability has been observed among 

other poikilothermic animals, it is an impressive feat for a reptile, particularly because 

reptile physiology aims to prevent movement of molecules across the skin surfaces, 

mainly to prevent water loss in dry conditions.   

While sea snakes must contend with dry conditions and have the ability to remain out 

of water for extended periods of time, another concern they must cope with are huge 

temperature changes in their habitat.  On the reef, sea snakes may be exposed to 

temperatures of approximately 22˚C or below.  In contrast, sea snakes are exposed 

to temperature extremes above 30˚C in the pools that form as the tide goes out.  

Comparative oxygen uptake studies at these two wide ranging temperatures have yet 

to be studied. 

 

Aims: 

 Evaluate metabolic responses of sea kraits exposed to high and low temperature 

extremes encountered in their natural environment. 

 

Objectives: 

• Estimate pulmonary metabolic rates of sea kraits exposed to 22 and 30°C 

water temperatures. 

 

• Estimate cutaneous metabolic rates of sea kraits exposed to 22 and 30°C 

water temperatures. 
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• Determine temperature quotient responses for cutaneous, pulmonary, and 

total metabolic demand. 

 

Methods 
Banded sea kraits will be collected on land or in water using long handled tongs 52 

inches in length.  A sample size of 10 will be used in experimentation trials to 

determine oxygen uptake across two surfaces, pulmonary and cutaneous, at two 

different temperatures, 22˚C and 30˚C.  Water will be pumped from a reservoir, via a 

magnum drive, into a headbox which will gravity feed seawater into a flow-through 

respirometry chamber containing the sea crate.  A small port containing air above the 

water surface of the cylindrical chamber will allow the animal access to oxygen for 

pulmonary breathing.  Intermittent water samples will be collected in BOD bottles and 

Winkler titration will be performed on each sample to determine the animal’s 

cutaneous oxygen uptake.  Water will be cooled using a chiller for the trials at 22˚C 

and heated with a 1500 watt heating element attached to an intermittent switch for 

the trials at 30˚C. 

 

2.2.14. Metabolic Response of the Blue Spotted Ribbontail Stingray 
(Taniura lymma) to Burst Speeds. 

 
Introduction 
Taeniura lymma exhibits rajiform locomotion, which is a form of undulatory swimming 

exhibited by only the batoid fishes. This form of movement optimizes their chances to 

procure food, seek shelter and most importantly for my investigation avoid predators. 

The purpose of my study was to evaluate burst speeds and the metabolic 

expenditure of this action using resting and post exercise metabolic rates. 

 

Aims 

To quantify burst speeds and metabolic responses of the Blue Spotted Ribbontail 

Stingray (Taeniura lymma) 

 

Objectives 

• To determine metabolic rates at rest and post-n exercise for the Blue Spotted 

Ribbontail Stingray. 

 

• To determine the burst speeds for the Blue Spotted Ribbontail Stingray as a 

method of defence. 



 68

 

Methods 
The animals used during the period of investigation were collected from shallow 

intertidal environments of the waters surrounding Hoga Island. They were then 

transferred to a holding tank in the Laboratory and kept for a 24 hour period to allow 

for acclimation. After the minimum holding time had passed the stingray was then 

transferred into the respirometer for determination of resting metabolic rate. After that 

had been successfully obtained the stingray was then transferred to the swim tunnel 

and the maximum burst speed was determined using a swim tunnel with variable flow 

rates. After that part of the experimentation was finished they would be immediately 

transferred back to the laboratory and placed back in the respirometer for post 

exercise metabolic rate establishment. 

 

2.3. Mangrove Ecology 
 

2.3.1. The effect of temperature and oxygen tolerance on habitat partitioning 
of the Fiddler crabs, Uca crassipes and Uca vocans   

 
Research Assistant: Kirsten Harper 
 
 

Introduction 
Fiddler crabs, of the genus Uca, are highly abundant in many intertidal regions 

throughout the Indo-pacific.  They are semi-terrestrial and are characterised by their 

square carapace and enlarged cheliped present only in males.  

 

Dense populations of Uca crassipes and Uca vocans inhabit the mudflats of the 

intertidal zone and mangrove areas of Kaledupa within the Wakatobi Marine National 

Park.  Uca crassipes and Uca vocans were chosen for this particular study as there 

is a clear vertical zonation between the species with Uca crassipes inhabiting the 

high intertidal zone amongst the mangroves while Uca vocans is found to inhabit the 

mudflats of the low intertidal zone.  They also have different emersion and immersion 

patterns and exposure to insolation. 

 

Uca vocans has long immersion times, during which their burrow may become anoxic 

and when emersed they are exposed to direct sunlight.  In contrast Uca crassipes 

has short immersion times and therefore may have fewer oxic problems.  With 
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regards to sunlight exposure Uca crassipes is provided with shade from the 

mangroves, something that is not available to Uca vocans. 

 

Aim 

To investigate and compare the maximum temperature and minimum oxygen levels 

tolerated by the fiddler crabs, Uca crassipes and Uca vocans. 

 

Objectives 

1. Determine the critical thermal maxima (CTMax) of Uca crassipes and Uca 

vocans. 

2. Quantify the hypoxia tolerance of Uca crassipes and Uca vocans. 

 

 

Methods 
120 fiddler crabs, 60 of each species, where collected from their respective habitats 

in Ambeua, Kaledupa Island, Sulawesi, Indonesia.  The samples were then 

transported to Operation Wallacea’s research lab on Hoga Island,  separated by 

species and placed in holding tubs.  Crabs were fed and cleaned daily.  All crabs 

were released at the original site of capture following experimentation. 

 

Thermal tolerance 

Sixty fiddler crabs were used in total, thirty of each species.  Five fiddler crabs were 

placed in individual beakers in a water bath.  The water bath was heated at a 

constant rate of 0.3 °C per minute.  The Critical Thermal Maxima (CTMax) was 

determined as the point of Loss Of Equilibrium (LOE).  As soon as CTMax was 

reached the LOE temperature was recorded and the crabs moved to a recovery 

beaker.  Each crab was weighed to obtain the wet weight and the carapace length, 

carapace width, major cheliped length and major cheliped width were all measured 

using callipers accurate to 0.5 mm. 
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Figure 1  CTMax chamber configuration 
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Hypoxia tolerance 

Six crabs, three of each species, will be placed in a 250 mL conical flask.  The flasks 

were placed in a water bath to  maintain temperature at a constant and exclude it as 

a variable.  The sealed flasks had two tubes, one in-flow and one outflow, running 

into them.  A pump will push water through the system and nitrogen from a tank will 

run through the system in the opposite direction of water flow.  As the nitrogen 

passes through the water, it will strip the water of oxygen and therefore gradually 

deplete the oxygen in the water flowing to the flasks containing the crabs.  Loss of 

Equilibrium (LOE) endpoints will be recorded.  

 

After LOE was reached Biological Oxygen Demand (BOD) samples were collected 

from each flask and the Winkler titration method was used to quantify the volume of 

oxygen in each sample in mg/l.  Each crab was weighed to obtain the wet weight and 

the carapace length, carapace width, major cheliped length and major cheliped width 

were all measured using callipers accurate to 0.5 mm. 
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2.3.2. Effects of temperature on feeding rates of two species of Indo-pacific 
fiddler crabs 

 
Research Assistant: Lizzy Mill 
 
Introduction 
Fiddler crabs (Uca spp.) are found in mangle environments in abundance, they are 

inertial which means they are periodically inundated by the tides and have regular 

fluctuations in their environment. On tropical shores such as the ones found in 

Sulawesi, fiddler crabs are also subjected to high temperatures. he temperature in 

tropical mangroves can rise to as high as 45oC; the crabs keep their body a few 

degrees below the air temperature by evaporation. They use recirculation of water for 

this. While on the surface they use their burrows for maintaining body temperature. 

 

Fiddler crabs live in burrows constructed at all levels of the shore, their bodies are 

broad in relation to their length and males have one greatly enlarged claw, used for 

social displays and fighting with rival males. iddler crabs are deposit feeders, 

ingesting organic matter from the exposed mud at low tide. The sediment is brought 

to their mouth by the minor chelae, which is spoon shaped. eeding usually takes 

place within a few hours of the tide receding this is because the mud is still wet and 

easier to handle. They produce faecal pellets which have a major role in retexturing 

the soil and altering its chemical composition. 

In this study two species of fiddler crab were studied Uca Vocans and Uca 

Crassipies. Uca Vocans are found on mud flats in low inertial zones which are greatly 

affected by tide. Uca Crassipies on the other hand are found in high inertial zones 

which mean they have more time for foraging and other activities as they are only 

submerged during the highest point. 

 

Aims 

The aim of this study was to see how an increase in temperature affects the feeding 

rate of Uca Vocans and Uca Crassipies. 

 

This was done by examining feeding rates in the lab at 26oC and at an increased 

temperature of 34oC. A field study was also carried out by examining feeding rates in 

the wild on Kaledupa and recording the temperature and tidal status. 
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Method 
 

Experimental set up 

Containers were set up for the 2 different species of fiddler crabs to acclimatize to; 

they represented the conditions from their natural environment.  

Six containers were collected (30cm x 15cm) and in each container a small hole was 

made in the front, a piece of plastic tubing (30cm) was put into the hole and placed 

over the side of the larger container, this is to allow draining when required. In each 

container stones were put in, enough to cover the plastic at the bottom, filter foam 

was then cut to size and placed on top of the stones. On top of the filter foam sand 

was added and then sea water. These containers were then placed into 3 large tubs 

(24 inches round), 2 containers in each. A heater and power head was put into each 

of the tubes to be used when required.  Two crabs from each species were put into 

each container, this was randomized between tubs incase of differences between 

them. 

 

Ten crabs from each species were collected from Kaledupa each time; they were 

weighed, measured and marked. The marking identifies the crab and prevents it 

being recaptured. The crabs were kept for 4 days for testing and then released this is 

to minimize damage to them. After capturing, the crabs were fasted for 24 hours and 

then put into the containers to acclimatize; they were then fed once a day at the 

same time. The containers were also flushed with water once a day to clean them.  

The crabs that were collected and not being used were held in a 24 inch round 

holding tank and fed and cleaned out once a day. 

 

Data collection 

18 replicates of each species of crab were collected for testing. 

The crabs feeding rate was recorded over 10 minute periods and this was done by 

counting how many scoops the crab made. The feeding rate was recorded once a 

day at random times, this was incase time of day effects feeding rate. This was done 

on the low temperature (room temp) for a day and then the next day the heater was 

put on in the morning and the water was heated to 34oC and the feeding rate was 

recorded after about 3 hours of heating. The food was kept constant to prevent 

variation in feeding rate. 

 

In each test the time of day, date, air temperature and water temperature was 

recorded. 
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Field observations and data collection 

The feeding rates of the 2 different species of fiddler crabs were also recorded in 

their natural environment.The crab's feeding rate was also recorded over 10 minute 

periods and a total of 30 crabs per species. ach day the crabs were observed over 2-

3 hours depending on the tidal cycle and the time available was split equally between 

species. he air temperature and mud temperature 3-4 cm below the surface was 

recorded before and after observation of each species. The time and date was also 

recorded each day.  Two temperature loggers were also set up, one exposed to the 

sun and one in the shade over 4 weeks. This is to give the temperature changes 

daily, weekly and monthly that the crabs are subject to. 

 

2.4. Seagrass and Sandflat Ecology 
 

2.4.1. The Effects of the Presence of Mangroves on the Fish Assemblages of 
Seagrass Beds in the Watakobi National Park, Indonesia 

 
Research Assistant: Sam Garrad 
 

Introduction 
Many studies have shown the importance of seagrass beds and mangroves as fish 

habitats with many studies finding that they support a greater diversity and 

abundance of fish than adjacent unvegetated habitats (Jenkins et al. 1997, Bell & 

Pollard 1989). Food requirements and predation risks change during fish ontogeny 

which may cause changes in habitats to meet these demands (Nagelkerken & van 

der Velde 2002). Many fish show separation in habitat utilization, showing ontogenic 

migrations from a habitat that is used as a nursery area to an intermediate or final 

habitat once they mature (Weinstein & Heck 1979, McFarland 1980, Rooker & 

Dennis 1991, Baldoa & Drake 2002).  

 

Various studies around the world have shown the importance of tropical and sub-

tropical mangroves and seagrass beds as juvenile habitats for reef and offshore fish 

(reviewed by Pollard 1984, Robertson & Duke 1987, Jenkins et al. 1997, Beck et al. 

2001, Sheriden & Hays 2003, Dorenbosch et al. 2005) assuming that they function 

as nursery areas. 
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Several hypotheses have been proposed to explain the use of mangroves and 

seagrass beds by (juvenile) fish; (i) the structural complexity provides refuge from 

predators (Parrish 1989, Robertson & Blaber 1992), (ii) these habitats are often 

located away from coral reefs and offshore waters and are less likely to be 

frequented by predators (Parrish 1989), (iii) the turbidity of coastal areas decreases 

the foraging efficiency of predators (Robertson & Blaber 1992), (iv) they provide large 

abundances of food for fish (Ogden & Zeimen 1977), (v) these habitats cover large 

areas and may intercept planktonic fish larvae more effectively than other habitats 

(Parrish 1989).  

 

Refuge from predation and food availability are the most important factors influencing 

the survival of juvenile fish through to adulthood. Both seagrass beds and mangroves 

show habitat heterogeneity and complexity offering a degree of refuge from predation 

and large abundances of food enabling them to support a wide range of fish. 

 

Seagrass beds and mangroves are disappearing fast the world over due to coastal 

development and other anthropogenic impacts. In a world where capitalism 

dominates an important area of conservation is showing that the health or presence 

of a habitat increases income. Fisheries are a major income for the people of the 

Watakobi and in order to help conserve both seagrass beds and mangroves it is 

important to show that they are valuable fish habitats.  

 

The aim of this study was to; (1) find out whether the presence of mangroves 

increases the value of seagrass beds as fish habitats by looking fish diversity and 

abundance, (2) sample sites diurnally to give a more representative picture of fish 

assemblages that occur in seagrass beds and to see whether diversity and 

abundance varies diurnally, (3) use multivariate analysis to look at the diurnal and 

between site variation of fish assemblages. 

 

Methodology 

Seven mixed seagrass sites were chosen around the Kaledupan area and divided 

into three categories; seagrass only, seagrass next to mangroves and seagrass 

infront of mangroves. The two dominant species of seagrass at each site were 

Enhalus acoroides and Thalassia hemprichii. 

 

Fish assemblages within the seagrass beds were quantified by performing ten 

replicate beach seines at night and during the day to give a representative picture of 
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fish species that frequent the seagrass beds. The beach seine measured 15.8m 

length, 1.4m height and had a mesh size of 2.4cm (stretched). Day seine were 

conducted during the hours of 7am and 5pm whilst night seines were condicted 

between the hours of 7pm and 5am Beach seines were used because they are a 

non-destructive way of quantifying fish populations.  

Species were identified, measured and returned to the sea. The maximum lengths of 

fish species were obtained from fishbase. Fish under 1/3 maximum length were 

classified as juveniles unless their maximum length exceeded 90cm in which case 

they were classified as juvenile s if under 30cm. Data was then put into spreadsheets 

for analysis. 

 

2.5 Development of Coastal Communities  

2.5.1. Interactions between net fishermen communities in Kaledupa 
and Sampela: knowledge, resource perceptions and trust 

 

Introduction 
The Wakatobi Marine National Park (WMNP) was established in 1997 and consists 

of four main island groups. My study took place on the island of Kaledupa and its 

neighbouring Bajo community, Sampela. There are two Bajo communities that have 

settled around Kaledupa and they depend on the local island community for basic 

goods such as fresh water and fire wood from the mangroves. 

Sampela was originally 4km south of its present location some 50 years ago. 

Relationships with the Kaledupans were strong and worked well. This might have 

been because the Sama Bahari were known to have superior fishing skills and the 

Kaledupans were still predominantly reliant on agricultural activities. They both had 

their own economic niche and the direct competition that there is today wouldn’t have 

been so evident. For safety reasons, relating to the Kaledupans suspecting the Sama 

Bahari where allowing rebels access to the island during the Garambolan uprisings, 

they relocated to their present location just off of Ambeua. Since then there has been 

tension between the two ethnic groups. 

 

Within both communities there exists strongly cultural differences but at the same 

time they both have a strong reliance on the sea, not just for feeding their families but 

also for trading. The Bajo have always been “people of the sea” and are still seen, 

even by the Kaledupans, as having far superior knowledge of the sea. 
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With pressure mounting on both communities to take a more sustainable approach to 

fishing, it is vital that some common ground is established between the two 

communities regarding fishing. This project will look at a group of net fishermen from 

both communities and compare and contrast their views on the current state of 

fishing, views on possible restrictions, as well as conservation, and where the trust 

lies within the two communities and between Kaledupa and Sampela. It is hoped that 

this will enable recommendations to be made as regards to incorporating both groups 

in fishery regulation activities.  

 

Aims & Objectives 

My main overall aim is to “discover opinions on possible restrictions on fishing and 

issues of trust relating to this, within and between two similar user groups in two 

ethnically different places”. This entails the following three research objectives: 

The first is to investigate knowledge levels held by net fishermen on Kaledupa, 

including their knowledge on the status of fishing in the area and compare this with 

the same knowledge held by net fishermen on Sampela 

 

The second objective is to discover perceptions on issues relating to conservation (in 

the broadest terms) and possible changes to the way they currently fish.   

The third will examine trust within the net fishing circle, village and between the two 

different ethnic groups, as well as who they trust outside of these circles. 

 

Methodology  
I undertook my research on Kaledupa and Sampela using a combination of 

qualitative and quantitative data collection methods in the form of interviews. For the 

first 3 weeks of my research period I was based in Ambeua. During my first week in 

here I went to a number of talks arranged by our Operation Wallacea staff on 

Kaledupa within the local community which helped me to formulate some ideas for 

my aims and objectives. From these aims and objectives it was decided that I would 

focus my research on one type of fishing which was Net Fishing. This was chosen 

because net fishermen are common on both Kaledupa and Sampela. 

 

I decided to split my interviews into three sections based around my three aims. The 

first was a qualitative interview consisting of 6 short open ended questions regarding 

changes experienced by the net fishermen. The second took more of a quantitative 

approach by asking seventeen statements, regarding perceptions of possible 

restrictions on fishing and the implications of this, with the interviewee being asked to 



 77

rate each statement on a scale from Strongly Disagree to Strongly Agree. The final 

section of the interview was a mixture of qualitative and quantitative questions, with a 

choice of answers, used to assess the levels of trust within villages, between 

fishermen and in particular between the Kaledupans and the Sampelans. 

During my second week I finalised the interview and went through it with my 

Indonesian research assistant (translator) so that she could re-word anything that 

she thought might be confusing or misunderstood by the fishermen. Then I undertook 

five pilot interviews in the village of Kaswari. By reviewing the answers and 

comments I received back through my research assistant I went back over my 

interview and changed the order of certain questions in the second section and re-

worded some of my trust questions. These changed however were very minor and 

didn’t affect the five questionnaires done during my piloting. Also I discussed the 

answers that I had expected to receive with my research assistant so that she could 

question my interviewees and double check that they had understood my question 

fully, correctly and had not just given the answer that they thought I would want to 

hear. 

 

During my third week I gathered information from past dissertations and had 

discussions with some of the other research assistants to make a plan of which 

villages to interview in. A lot of the net fishermen were based in the South of the 

island so that is where most of my interviews took place. After visiting Kaswari during 

my pilots the decision was made that I would try to interview when the tide was high 

because most net fishermen went fishing at low tide. This worked well as I shared my 

research assistant with another student would was also working with fishermen in the 

South of the island. During the week 25 more interviews were conducted, bringing 

my total number of interviews on Kaledupa to 30 

 

The fourth week of my research was spent in the Bajo community of Sampela. 

During this week I gave the same interview to another 30 net fishermen but before I 

did this there was some slight alteration to the wording of my questions. This was 

necessary due to the language difference that is present in the Bajo community; it 

didn’t however alter the meaning or results of my interview. Interviews were 

conducted using a different research assistant and most interviews were translated 

from English to Indonesia to Bajo and the answers were fed back to me in the 

opposite direction. 
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In total my 60 interviews, split 50/50 between Kaledupa and Sampela, are amply 

sufficient to fulfil the three aims and objectives. Statistical analysis will be carried out 

on the quantitative data. Trends and patterns will be looked for within the qualitative 

data, as well as using this as background knowledge to help explain some of the 

similarities or differences that I will find between the two community and within the 

user groups. 

 

My initials findings at the end of the forth week suggest that two further interviews 

with NGO officials based on Kaledupa and on Sampela will be necessary to try to 

find explanations for similarities between the two groups.    

 

2.5.2 Assessing the capacity at the highest and lowest level for a  
 collaborative co-management approach to be used in the 
 Wakatobi Marine National Park. 

 
Introduction 
The Wakatobi Marine National Park has had its status since July 1996, with the 

control and enforcement served by the Marine Park Authority under the jurisdiction of 

the Ministry of Forestry. This style of management is centrally planned and as a 

result decisions on the management of the Wakatobi are taken outside of the park 

boundaries with limited input from the communities within the marine park boundary.  

The park is home to two communities of people who should theoretically be 

considered as one community but differences in tradition, language and culture result 

in barriers of communication and co-operation resulting in distinct divisions between 

the two. The first group is Indonesian islanders who inhabit the main islands in the 

park. The second group are the Bajo, descendents of one of three nomadic groups 

that are found around South-East Asia. Although no longer nomadic they lead a 

mainly subsistence livelihood in stilt villages on the reef flats using traditional low 

intensity fishing methods. The Bajo use their own dialect developed over time 

creating a barrier of communication between the Bajo and the Indonesian speaking 

islanders.  

 

Since 1998 the Reformasi movement has been shifting political power from the 

central government to individual regencies. This movement towards decentralisation 

has in theory given the local people the capacity to input into legislative making 

process through consultation with local government. Through this process the 

communities of the Wakatobi can input into the regulations and governance of the 
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area. This process of devolution has effectively given the local communities the 

capacity to manage the marine national park in a way that is suitable for them and 

yet beneficial to the environment. Although it is yet to become clear how the role of 

the Marine Park Authority has been altered by this because they are ultimately 

responsible for regulations within the marine area. However, Reformasi is still in its 

infancy and the extent to which the local communities have used this empowerment 

allocated to them is explored in this research thesis. 

  

Aims and Objectives 

The aim of this thesis is to establish the current management procedure and then to 

assess the capacity communities to collaborate together to co-manage the area 

encorporating all levels of the community.  

 

Objectives 

1) Fishermen 

• Assess perceptions towards other fishing techniques establishing results on 

next best alternative should they change from their current practice. 

• Assess views on working with the community as a whole exploring Bajo and 

 Kaledupan attitudes to working with each other. 

 

2) Non Governmental Organization (NGO) 

• Explore the potential barriers towards collaborative co-management from a 

neutral organization perspective 

• Assess current NGO programmes and the methods used to portray the 

message to the local communities 

• Influence of Reformasi movement on the local area exploring changes as a 

result of decentralization and the positive or negative effects of these. 

 

3) Government 

• Explore the influence of the Reformasi movement on their role within the 

community and relationship with regencies and provinces. 

• Assess capacity to instigate a collaborative co-management approach to the 

marine park with the local communities 

• Assess willingness to collaborate with Bajo communities (if Kaledupan) or 

Kaledupan community (if Bajo) at this high level. 

 

Methodology 



 80

To fulfil the aims and objectives required a series of interviews with a variety of 

individuals and three different questionnaires, ensuring appropriate questions were 

raised with each individual. 

 

To assess the capacity for collaborative co-management a questionnaire was 

designed to accommodate views at the lowest level possible, the fishermen, whose 

livelihoods depend on the sea and are affected directly by any regulations 

implemented. The questionnaire was designed to assess their perceptions on other 

techniques of fishing to assess the next best alternative to the technique they 

currently use. Also, it accommodated basic questions on the marine park current 

management and its current status in comparison to five years ago.  

The technique used was simple and easy to understand because many fishermen 

are illiterate, particularly within the Bajo community. A Likert scale was used allowing 

fishermen to point along plain black lines of 11cm according to how they rated each 

of the eight techniques used in the area. 

 

The fishermen were also probed on their opinions of the current management of the 

park considering the zonation system and opinions on the registering of vehicles and 

reporting catch sizes a scheme piloted in Sombano and Sampela in 2005. And finally 

questions were based on the relationship between the Kaledupans and the Bajo and 

their willingness to work with each other because any changes to regulations or 

collaboration approaches would have to followed through by the fishermen.   

This questionnaire was given to 40 Kaledupans in seven main fishing villages in 

Kaledupa and 40 Bajo fishermen in Sampela and provides the quantitative data for 

the study. 

 

The questionnaire to the NGO’s was designed to test the methods used in each NGO 

area particularly to find any differences or similarities between the Yayasan Bajo 

Mattila (YBM) in Sampela and Forkani in Kaledupa. The questionnaire also focused 

on the NGO’s perceptions of changes that have been undertaken since the 

Reformasi movement resulted in decentralization of power to the local level. This 

questionnaire formed part of the qualitative data set. Only two of these 

questionnaires are carried out by representatives of the two NGO’s. 

A final questionnaire was designed specifically for Kepala Desa’s and the Camat of 

Southern Kaledupa. These are dominant figures in local politics and so questions 

focused on the influence and authority that the Reformasi movement has brought 

them and any changes that have been made in the last five years since the 
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movement began. Also, questions were asked to probe the willingness and capacity 

for these figures to instigate and sustain collaborative co-management 

encompassing all the communities in the area around Kaledupa. This questionnaire 

is carried out with the Kepala Desa’s in Sampela, Ollo, Ambeua and Sombano and 

with the Camat of southern Kaledupa. 

 

2.5.3 Informal social networks amongst village communities on  
  Kaledupa and their applications. 

 
Introduction 
The Wakatobi Marine Park is Indonesia’s newest marine park and was created due 

to damaging fishing practices and the misuse of coral reefs (Clifton 2003).  Today a 

variety of fishing practices are used within the park including fish fence, net and 

bubu.  These techniques have varying impacts on fish stock and coral reefs, although 

they are not as directly damaging as Bomb fishing and Cyanide fishing which are 

officially designated illegal but nonetheless are still occasionally practised.  

Enforcement is a serious challenge as the park rangers are limited and often without 

access to a boat. 

 

The concept of ‘social capital’ has also become popular in recent years.  It refers to 

the ‘‘features of social organization such as networks, norms and social trust that 

facilitate coordination and cooperation for mutual benefit’’ (Jones 2005).  The idea 

behind the concept is that social networks have a value as interactions between 

individuals or groups develop linkages of trust which in turn is likely to foster 

cooperation in order to achieve common objectives (Jones 2005).  Plummer and 

FitzGibbon (2006), Grafton (2005) and Pretty (2005) argue that social capital plays 

an important role in the development of co-management and resource agencies need 

to recognise this.  Pretty and Smith (2004) note that social capital is a “necessary 

resource for shaping individual action to achieve positive biodiversity outcomes” 

(631).  Bennett and Clerveaux (2005) also acknowledge that communities which 

work together are more likely to be sustainable. 

 

Current regulations and enforcement are inadequate and this is not just due to 

disobedience and a lack of penalties for breaking rules, it may also be related to 

fishers not realising why or what regulations are in place.   Reasons for these 

deficiencies in knowledge may relate to poor education and also to weak formal 

decision making structures within the village.  There is however a definite need for 
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rectification of the current trend in order to guarantee sustainability in the future.  My 

investigation takes a sample of fishers (Bubu or fish trap fishers in two villages on the 

east coast of Kaledupa) and it attempts to construct a network of Bubu fishers 

between the two villages to assess the possibility of using informal social networks in 

order to spread information in the future. 

 

Objectives 

Why do Bubu fishers use this particular method? Do they have an alternative? 

Is there a hierarchy of power relations within the Bubu fishing community?  Are 

social/informal communications bound by levels of social hierarchy e.g. would young 

fishers spend time with the village elders? 

When will Bubu fishers communicate with each other or to others within the 

community? 

Is there a level of trust between the Bubu fishers, between them and other fishing 

groups in that particular village and also between the two villages? 

Are there alternative communication networks e.g. among women and children?  

Could these “alternative” networks ever provide a medium for useful information that 

could benefit the community to be exchanged? 

Are informal networks an effective substitute for formal networks of power within a 

village. 

Is there potential for future management plans based on the strength and efficiency 

of informal networks? 

 
Methodology 
Background interviews were conducted at the start of this project.  Initially they were 

with the village heads or heads of a village Dusun in order to assess the viability of 

the study.  Questions were based on whether or not there were Bubu fishers in this 

village as well as some information about the process of Bubu fishing and what it 

actually involves.  I also asked about NGO or Governmental influence within the 

village so as to assess what actors are active within the village.  Other background 

interviews took the form of informal chats with the village heads and their wives 

which assessed communications between the two villages.  I also ran two 

geographical mapping exercises in order to begin constructing my social map; one in 

Tampara with the village head and another local and one in Kaswari with the head 

man’s son who was responsible for mapping the village.  Later in the investigation I 

conducted an interview with the village head in each village as well as with Maruji 

(works with the NGO Forkani) and La Ato (OPWALL staff) in order to find out about 
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the formal institutions in the village and their roles.  I also ran an interview with Beloro 

(works with the NGO Forkani) in order to find out about endangered species, fishing 

restrictions and also formal structure of the village.  Finally I ran interviews with the 

heads of LPM and BPD in each village in order to find out more about the formal 

structures from a different point of view. 

I ran 30 interviews with the Bubu fishers in Kaswari and Tampara which was almost 

all of them.  There were some exceptions that were in Malaysia or somehow beyond 

my reach.  This questionnaire was based on ascertaining how the community was 

formed so my questions may be grouped into different sections.  Firstly there were 

questions based on why they used this method and if they would like to change 

method in the future.  Then I moved on to asking about respected men within the 

community and how decision making works i.e. individual, collective or if there was a 

leader.  I then asked individuals if they fished alone or as part of a group and also 

who they like to spend time with within the community.  I then asked if there were 

links between the two villages, either between Bubu fishers or between families.  I 

also asked about conflicts between villages, fishing types and Bubu fishers and 

finally about trust within the community.  I ran two pilot studies initially which allowed 

me to subtly alter the questionnaire as appropriate. 

 

I ran 28 interviews with the wives of the Bubu fishers (2 didn’t have wives) in the 2 

villages.  I was trying to assess the degree to which there was an alternative network 

that connected the Bubu fishers both within the villages and also between them.  

Questions were similar to those I asked the husbands; why they think their husband 

uses the method and will he change in the future; who they like to spend time with 

and the level of community spirit in the village; if there is a respected woman in the 

community; if they were in PKK or a woman’s organisation; if there is conflict and 

finally level of trust between the women.  As with the previous section, I ran 2 pilot 

interviews first allowing me to assess the feasibility of my questionnaire and alter it 

appropriately. 

 

After running these interviews I began to create a social map, based on geographical 

location within the village and then being progressively shrunk, stretched and 

distorted as I began to consider the factors that had been asked in the 

questionnaires.  

 

Once I had formed the social map I needed an application for it and as discussed 

previously I looked at perceptions of conservation amongst the fishers as well as 
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perceptions of formal structure.  I did this by using two focus groups in each village.  

This was also an opportunity for me to test my hypotheses about individuals on the 

social map so I picked a mixture of fishers, some more central in the map and others 

more isolated.  I introduced 4 topics to the focus groups; overfishing, endangered 

species, fishing restrictions and formal institutions. 

 

2.5.4. Roles of fishing co-operative organisations in Kaledupa and their 
contribution to resource management 

 

The Wakatobi national park represents a marine national park that encompasses 

around 13,900 sqkm of the Banda Sea close to south-eastern Sulawesi, containing 4 

island groups. The park was established in 1997 with little consultation with the local 

people, in an effort to preserve the vast coral reefs and their biological diversity and 

to stop the use of destructive fishing techniques in the area. The area contains 2 

ethnic groups, Indonesian and Bajo, whose relationships vary throughout the park. 

This tension holds itself to the Bajo “invasion” around 50 years, as sea gypsies they 

were encouraged by the Japanese to settle here, although not so obvious, rifts are 

still evident between the communities to this day. 

 

The original intention was to research the potential conflicts that may have arisen 

because of the formation of the co-operative fishing groups located around the island 

of Kaledupa, however due to the great deal of trust of the communities and culture, 

and the equilibrium that seems to have formed with in the communities between 

various groups of the communities. However after initial interviews I became 

interested in the roles of the government in the areas fishing industry and particularly 

how the government may have been involved in the management and regulation of 

the co-operatives. Then to look at how this involvement was integrated into the 

overall management of the national park, and then to gather information on the co-

operatives members perceptions of what government involve should be, how they’d 

like it to improve and whether these perceptions had any bearing on the various 

groups economic, social conditions and past experiences. 

 

The co-operatives themselves developed surprisingly as an idea from the community 

of Buranga, which came to a village agreement, that all concerned would join the co-

operative, once guidance had been received from external sources on how they 

should manage themselves. Whether this was an initial idea of the local FORKANIs 
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(FORum KAledupa TaodaNI) NGO is not known but they quickly latched onto the 

idea soon after the NGOs creation. This organisation is made up of 32 members with 

a representative in each of Kaledupas 17 villages, with its representative originating 

from the village population. The organisation then initiated an education and 

encouragement program throughout the various villages in the hope of establishing 

co-operatives throughout the island. 

 

Objectives 

The objectives of this research are therefore as follows: 

What are the fishing co-operatives? 

What are the conflicts that arise between groups of fishermen? And do these 

conflicts have any bearing on the formation of the co-operatives? 

Are these co-operatives positive organisations? 

Are the fishermen properly represented within and outside of these co-operatives? 

Why do some fishermen choose to join these co-operatives and others choose not 

to? 

Do these groups have any say in the decision making process? Do they want it? 

Who do they feel should be in control of their activities? 

 

Methodology 
For this investigation I constructed 5 different interviews with slightly differing 

questions depending on the status of the person being interview, a set of questions 

for the head of the co-operative, a set for the co-operatives members, a set for those 

non-member fishermen in the village and then two separate sets of questions for two 

members of the FORKANIs NGO. The total number of fisherman interviewed was 67. 

The selection of the research was a shared process between my translator and me, 

this was a remote part of Indonesia that I had no knowledge of, and he, as a local, 

had extensive knowledge of the area and an extensive network of family members. 

For this the guidelines were merely set out required and with his knowledge he 

recommended areas for us to visit. The guidelines set were simplistic because I was 

not focusing on a focused group of people, such as seaweed farmers, but was 

interested in obtaining the views and opinions of various groups within the fishing 

communities. These included fence-trap, line, net, polo, gabu fishermen and 

seaweed farmers. With these broad criteria it was hoped that there might be potential 

differences of opinion over fishing management from group to group. The selection 

method was random sampling, mainly because this was the easiest method, 

because of the nature of fishing and the lack of records of fishermen, systematic 
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could have been possible, but the limited time frame and the fact that fishermen 

could not guarantee to be around, made random sampling the most effective. 

The first of the sets of questions were aimed at the Heads of the co-operatives. This 

was to gain some background information on the separate information on the co-

operatives to see if they were managed differently and whether this process had any 

bearing on the types of fishing that was practiced or the circumstances that the 

groups where established under. This set of questions then proceeded to attempt to 

establish the individual’s perceptions on various subjects, with many of the questions 

focus around the involvement of the local government and NGOs and the individuals 

wishes for this involvement. 

 

The next set of questioned were aimed at the individual members of the co-

operatives with various questions to inquire about their individual circumstances. 

These included why they had joined the co-operative and what they saw as the 

potential benefits to joining the co-operatives, this gave me an insight into what was 

important to them, whether economic, social or environmental concerns. The 

following questions also included the individual’s perceptions of the government and 

the local NGOs, what involvement these organisations had in their co-operatives, as 

well as in their everyday lives. The questioning then moved to how they would like 

this involvement changed; whether it be increased or independence was their 

preferred choice. 

 

The next set of questions resembled many similarities to co-operatives member 

interview, because these men too were similar in all but the fact that they had chosen 

not to become member of Kaledupas various fishing co-operatives. The questioned 

ask began by revolving around the individual’s decision not to become a part of the 

co-operatives, and their perceptions on the co-operatives and how they believed 

these co-operatives were run. It was hoped that these two may show some 

correlation along with other information gained about the individuals circumstances 

when analysed. 

 

The first interview conducted was with one of the leading members of the local NGO 

FORKANI, this was a preliminary interviewed aimed at obtaining various pieces of 

information about the co-operatives in order to give me some guidance when 

constructing my initial questions. As well as information on the co-operatives, I also 

strove to obtain information concerning his own NGO, which was soon established to 

be an important catalyst for the formation of many of Kaldupas co-operative fishing 
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groups. Then the questioning moved to the group’s motivations and his own views, 

while also gathering some rough information on the role of the government in the 

area. The second NGO interview I conducted was with the leader of the FORKANI 

NGO who I interviewed with questioned that had emerged from the interviews with 

the fisherman I had previously conducted. Most of these revolved around the 

government’s involvement with the local communities, especially the regional and 

central governments roles in the area. Questioned were also asked raising questions 

of his own organisations involvement in the area and what he hoped to achieve 

through the promotion of the co-operatives. 

 

2.6. Ecotourism and its Impacts 

2.6.1.  A study to analyse the aims and objectives of Operation 
Wallacea with regard to its activities within the Wakatobi Marine 
National Park 

 
Introduction 
The Wakatobi Marine National Park was established and given its status in 1997. It 

comprises four islands, Wangi-Wangi, Kaledupa, Tomia and Binongko. The area has 

an extremely high biodiversity, which is threatened by over fishing and dangerous 

fishing practices such as bomb fishing and cyanide fishing so needs careful 

management to ensure its long term sustainability. Operation Wallacea, a British 

organization that conducts scientific conservation expeditions bases its research site 

around Kaledupa. The island of Hoga and the Bajo village of Sampela are also 

included.  

 

The Wakatobi Marine National Park is an example of a Marine Protected Area 

(MPA). MPAs in general have both biological and social objectives, which can be 

seen in the example of WMNP. Research must be conducted in both marine science 

research and social science research to achieve success. The purpose of MPAs is to 

manage threatened marine ecosystems, which can only be achieved through 

increased knowledge and understanding of the reefs and, at the same time, a greater 

understanding of the needs and aspirations of local communities living in close 

proximity to, and often highly dependent upon these coral reefs. The International 

Coral Reef Symposium in Bali, Indonesia, 2000 highlighted the importance of 

combining scientific and social science research in order to ensure the effectiveness 

of MPAs. This view applies to Operation Wallacea working in the Wakatobi Marine 

National Park. Scientific research allows for conservation plans to be made, but they 
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cannot be implemented without being put into a geographical and cultural context. 

Therefore, for Operation Wallacea it is important to ensure that both types of 

research take place. 

 

The relationship between the organisations itself, the staff members, volunteers and 

the local community are integral to implementing a successful and effective 

conservation research strategy. Therefore, this study will assess the perceptions of 

these different groups towards Operation Wallacea in order to gain a social science 

perspective of what Operation Wallacea are doing in the area, what they should be 

doing in the area and how this can be achieved.  

 

Aims and Objectives 

• To ascertain the aims and objectives of Operation Wallacea 

• To gain an understanding of how the local community, volunteers and staff 

members of Operation Wallacea perceive the organisation 

• To gain an understanding of what the community, volunteers and staff 

members view as the main priorities of Operation Wallacea 

• To gain an understanding of how community, volunteers and staff members  

view economic, environmental and socio-cultural impacts of Operation 

Wallacea on the local communities 

• To compare the responses of members of the local community, volunteers 

and staff members in order to find similarities of differences in their 

perceptions.  

• To find out whether the different groups think Operation Wallacea should be 

doing anything different in the Wakatobi Marine National Park 

• To find out what the different groups think are the responsibilities of Operation 

Wallacea in the WMNP 

 

Methodology 
Semi-structured interviews were carried out with members of the local community in 

the village of Ambeua. These included people both involved and not involved with 

Operation Wallacea. The questions aimed to find out what the local community 

thought Operation Wallacea were doing in their village, the impacts of their activities 

and whether this is what they should be doing or if they should be doing anything 

else. The questions were designed to gather both the perceptions of the local 

community and also their aspirations with relation to Operation Wallacea. The 

questions at the start of the interview were open ended to allow the respondents to 
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answer freely and in as much detail as possible. Later questions were closed, each 

having five responses to choose from. The majority of these questions were 

statements that the respondent’s could agree or disagree with. The other questions 

required the respondents to answer by rating the response from very good to very 

poor. 

 

Questionnaires were given out to volunteers on Hoga, Kaledupa and Sampela. The 

three sites were used to ensure that volunteers of all types were asked e.g. social 

scientists, scientists, and divers. The questionnaires were based on the interviews 

carried out with the local community members. Two questions from the interviews 

were omitted as they were not relevant to the volunteers, but the rest of the questions 

were the same. The purpose of this was to enable a comparison of the responses 

between volunteers and members of the local community. 

 

Semi-structured interviews were also carried out with staff members of Operation 

Wallacea to gain another perspective on the same issues. These questions were 

open ended to allow more of a discussion of the topics, and more detailed answers.  

Focus groups were conducted as another method of obtaining qualitative data. 

Village groups were approached to take part. They consisted of five people in each 

group, all of whom were not involved with Operation Wallacea. The purpose of these 

was to discuss the topics approached in the initial interviews in more detail, therefore 

obtaining more information and seeing whether there were particularly strong 

opinions within the groups or perhaps conflicting opinions. 

 

2.6.2 The economic importance of tourism in the Wakatobi National Marine 
Park 

 
This project will evaluate the economic impacts of Operation Wallacea in the 

Wakatobi through measuring the income generated both directly and indirectly and 

use this in order to determine whether principles of ecotourism relating to equal and 

widespread economic impacts are being achieved in this case study. 

 

Objectives 

• What is the actual economic value to specific groups directly and indirectly 

employed by tourism? 

• How significant is tourism income compared to the primary industries of 

fishing and farming? 



 90

• What do locals spend their tourism income on, the multiplier effect? What is 

the extent of leakage within the economy?  

• Are there any barriers to diversifying the local economy? 

• Are there any other sectors supporting the local economy, and how can these 

be encouraged? Who benefits from the presence of tourism and is the income 

made significant? 

 

Methodology 
I interviewed local people both directly employed by Operation Wallacea and local 

people indirectly employed through owning shops or other businesses which dealt 

with Operation Wallacea. In total I interviewed 41 indirectly employed and 30 directly 

employed people working for Operation Wallacea.  

 

Two questionnaires were used to interview local people, one for the directly 

employed Operation Wallacea staff, and another for the indirectly employed local 

people. Each questionnaire was similar in style and layout yet had slight differences 

in order to establish how Operation Wallacea affects each part of the population. 

Both questionnaires’ results will be compared in order to establish answers for all the 

Objectives. Both questionnaires’ layout provides results for each objective as the 

respondent works through the questionnaire.  

 

There were a greater number of indirect respondents in order to establish a broader 

overview of the general population. This also allowed data collected to show any 

different opinions amongst the variation in employment across Kaledupa. Random 

villages were chosen in order to provide an unbiased perception of Kaledupan 

villagers and their varying takes on tourism and Operation Wallacea within society. 

The first three weeks of my research were dedicated to the indirectly employed local 

people. These included landlords; farmers; fishermen; sarong makers; teachers; civil 

servants and shop owners. Surveys were conducted in Ambeua, Sandi, Ollo, Hoga, 

Lau Lua and Balasuna.  

 

The indirectly employed questionnaire was piloted on two villagers in Sandi. As a 

result, one question was removed and two more reworded in order to receive 

accurate answers and remove confusion.  
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Locally employed staff were also interviews, all taking place on Hoga and in the 

Operation Wallacea office on Kaledupa. Respondents included translators, kitchen 

staff, administration staff, diving related employment, accommodation staff, and a 

security officer. 43 students were asked about their spending habits in the local 

economy. This was done in order to find out a leakage percentage of spending in the 

Lodge against locally owned stores.  

 

The survey was used to work out Objective 3, and results will be used alongside 

accounting information provided by Operation Wallacea in order to provide an 

accurate picture of tourism leakage in the economy.  Leakage figures will be 

calculated from students’ spending survey and Operation Wallacea’s food and staff-

wage budgets. 

 

2.7. Social and cultural change in coastal communities 
 

2.7.1. Centre and Periphery: Identity, Boundaries, Community and the Bajo of 
Sama Bahari 

 
The centre periphery model has been used to express the relationship of the sea-

nomad ethnic groups of South East Asia. This model stems from historical routes, the 

Bajo being one of many sea-based peoples who provided vital trade networks to the 

centralised sultanate in South-East Asia from the 11th century. Their ‘peripheral’ 

within the kingdoms of Indonesia was pronounced by their ethnic label of outcasts 

and their perceived ‘otherness’ as a primitive group. Since Independence and the 

New Order, the political elite as sort to create ‘unity through diversity’ and articulating 

a national spirit. Since the 1950’s the Bajo have been coerced into settlement 

alongside islands of Indonesian and their adoption into larger structures of 

government control. From the banning the use of ‘culture’ and  ethnicity as a means 

to mobilize the classes of Indonesian society the government has now adopted a 

new model of decentralization which gives more scope of ethnic expression and 

mobilization. This changing historical and political dynamic with resulting affects on 

identity has served as the initial starting point through which to explore the centre and 

periphery model and test its application to the current state of the Bajo of Sampela. 

Operation Wallacea has been based in Sampela since 1995 as a conservation and 

scientific research group specifically working alongside the Wakatobi National Park. 

The orgnaisation has more recently become aware of the importance of social 
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science application, and my dissertation investigates concepts of community and 

identity with a view to aid the implementation of conservation methodologies and 

education within the Sampelan community. 

 

Specifically the centre and periphery title provides scope to locate Sampela spatially 

within a wider network of relations and structures i.e. economic and political whilst 

also allowing an investigation of the perceived boundaries of identity and co-

operation currently existing between regional peoples. It has been adopted with a 

view to exploring the current obstacles to community initiatives and development and 

with the hope of providing a progressive methodological framework through which to 

place the Bajo. 

 

Objectives 

i) Structuration 

To map the various social and informal networks within the village of Sampela. To 

locate the everyday structuring influences on the community and assess concepts 

central to individuals within Sampela. This has implications for how conservation and 

projects are approached and introduced into Bajo society.  

 

ii) Discourse: 

In the past the Bajo have not conformed to ‘conventional’ means of expression. 

Whilst politics and western society has been legitimized by text, the Bajo language 

and culture is essentially informal. They find it hard to be heard when dominant forms 

of language overpower them. This is prominent within their relationship with the 

commonly perceived modernity of the neighbouring island of Kaladpeuan. The 

rationale for choosing to explore discourse is to see how concepts match our 

assumed meanings. By using visual methods the intention is to liberate restrictive 

frameworks and open up opportunities to explore how the Bajo perceive important 

social, economic and politic concepts. 

 

iii) Spatial Mobility: 

By locating Sampela within a wider national picture I hope to locate how centralised 

systems affect how the Bajo are perceived and their identity articulated. Traditionally 

seen at the periphery, how do Bajo ideas relate to their concept of nation and how 

does the structuring of the nation affect the Bajo? I also intend to look at Bajo 

migration, and the whether the Sampela is seen as geographically fixed community 

which has implications for the ‘settled’ community it appears to be.   
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iv)  Positionality 

To investigate Sampelas relation to fields of power. Is there such a thing as a natural 

indigenous community or is Sampela Bajo culture ‘essentialised’ and ‘formalised’ 

and dependent on its relation to NGOS, government etc. This has implications both 

to Sampelas sense of identity and community. It is also important to explore whether 

initiatives such as ‘ecotourism’ are viable alternative methods of providing opportunity 

to local communities. This is also to be located within ‘positional’ frameworks utilised 

and researched in other parts of South-East Asia with relation to customary laws and 

territorial rights to an environment. 

 

Methodology 
i) Key Informants 

A series of key informant interviews provided an overview insight of the Bajo in 

Sampela 

 

ii) Mapping 

Randomised set of 12 interviews with Bajo residents to contribute to mapping the 

village. This involved asking questions about where their relatives live within the 

village, who they spend time with, who they fish with etc. The kinship relations and 

informal networks  were then traced onto a map of the village. These serve as an aid 

to assessing the everyday structures and interactions within Sampela. They were 

also asked to locate places they had traveled outside the village on migration 

illustrating the degree of mobility of members of the community. 

 

iii) Visual Aids 

A set of 13 interviews conducted using visual aids and scenarios. These were used 

as a way of providing an equal medium through which to access different types of 

interviewees such as a sub-village headman or traditional subsistence fishermen. A 

series of sheets of paper with two pictures of different scenarios and interviewees 

were asked to point to their preferred choice. This gave indications to their 

perceptions of Sampela and how they view different aspects of life in Sampela. They 

were then asked to rate on a circular diagram the degree of importance of different 

aspects of their life e.g. money, family, government. Next they were given a diagram 

which explored boundaries of identity. They were asked to make a list of differences 

between the following categories: Bajo and Kaladupean, Bajo Now and Bajo in the 

Past and Bajo and Indonesia, to see how they positioned their identity in relation to 
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others. They were then asked to find concepts that both categories shared and so 

open up opportunities for them to realize the overlapping boundaries. Finally they 

were asked to indicate how closely different themes and categories were related to 

each other on a scale numbered from 1-5 where 1 indicated that they thought 

concepts were closely tied to each other and 5 where they has no relation to each 

other. The concepts were in pictorial form and included Islam, Adat, Government, 

The Sea, Land, School etc. 

 

iv) Focus Groups 

Five focus groups were then conducted as a continuance from the visual aids 

interviews in order to investigate in more depth perceptions of community with a view 

to assessing avenues for progression in development. I focused on key respondent 

groups including mosque attendants, fishermen, young people, those involved in 

community development and migrants.  

 

v) Comparative Study - Mantigola 

This study was chosen to contrast the political and social structures of Sampela with 

another Bajo community located on the other side of Kaladupea. From this I could 

sketch the nucleation and participation of members of the population of both villages 

and determine how differences in livelihood and structure emerged. This helped 

assess the degree to which Sampela was a ‘typical’ model of a Bajo village or 

whether there are varying types of relations Bajo village have to more centralized 

systems. Two main interviews were conducted, one with a community conservation 

representative and the other with a sub-village headman. 

 

2.7.2. Men as Users, Women as Savers: Incorporating Bajo Women into 
Conservation Initiatives in the Wakatobi National Marine Park 

 
Gender awareness in the planning and implementation of projects is essential to 

ensuring the long-term success and sustainability of initiatives which target 

community development. In order to avoid the marginalization of subordinate groups 

such as women and children, it has been shown that an alternative framework for 

thinking about development might be necessary, along with the stripping of certain 

key assumptions inherent to neo-classical economic theory (Kabeer, 1994). 

Emphasis on a more holistic understanding of the needs of individual groups and the 

contexts in which these needs operate within a community steers us away from the 
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“Fallacy of Aggregation” and the dangers that come with the inadequate 

categorization of individuals within communities. 

Such theory seems to hold true within the context of the Wakatobi National Marine 

Park, where conservation initiatives have centered largely on proposals planned, 

discussed and performed by men. Certain assumptions seem to be in place with 

regard to the position and importance of men within the so-called ‘household unit’, as 

well as the implicit trickle-down effect that such an approach is intended to have on 

the community as a whole. Conservation initiatives in the Wakatobi have therefore 

centered almost exclusively on the male fishermen, Kepala desas (village headmen), 

park officials and NGO representatives. 

 

The aim of this project is therefore to gain an understanding of the status and role of 

women in the Bajo community of Sampela, as well as their relationship to and 

perceptions of the environment in which they live and the resource base on which 

they depend. The ultimate goal is to come up with a series of guidelines for 

incorporating Bajo women into conservation initiatives in the Wakatobi in the pursuit 

of a holistic development plan for the community in Sampela. 

 

Objectives 

• Achieving a general understanding of the role and status of women in the 

Bajo household and within the Bajo community as a whole. 

• Understanding women’s social networks and their role in the Bajo 

subsistence ethic on Sampela. 

• Understanding the role of women’s organizations (Dasa wismas) within the 

Sampela community, as well as their share of social and political power. 

• Understanding the ways in which Bajo women interact with the marine 

environment in their day-to-day lives. 

• Understanding how women perceive the environment, resource decline and 

conservation initiatives: do women’s views differ from those of men? 

• Understanding the ways in which environmental problems affect the Bajo 

household.  

 

What sorts of problems do they translate to in the day-to-day lives of the Bajo? What 

role do women play in balancing the effects of environmental problems and declining 

fish catch on the household economy and the family? 
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Methodology 
My approach to the problem has been largely qualitative due to the nature of most of 

my research questions, although a more quantitative method was used in order to 

compare female perceptions of resource decline and conservation initiatives to that 

of the male fishermen. To that end, I employed a survey-type questionnaire and 

compared my data set to that of previous research conducted with fishermen in 

Sampela. 40 of these survey-type questionnaires were conducted with married 

women who have families to look after, whereas younger, unmarried women were 

not interviewed. The goal here was to understand the ways in which women 

responsible for families and households responded to concerns about the 

environment, contrasting their views to that of men. 

 

Focus groups became very central to my research with the women in Sampela. In 

these relatively small groups, I found that women were more at ease in terms of 

discussing issues such as resource use and decline, the effects of environmental 

problems on the Bajo household, and the role of women within the community both in 

a political sense and within the context of social networks and patterns of reciprocity 

and exchange in times of hardship. 3 focus groups were conducted in total, each 

centering on the discussion of a slightly different topic. Women were chosen largely 

at random, although all of my samples still consisted of women who are or have been 

married and are responsible for a family. 

 

An additional 2 focus groups were conducted with female gleaners. The first group 

was one of young, unmarried gleaners, between the ages of 12 and 17. Their views 

on resource decline and the need for conservation and management of the sea 

cucumber resource in particular were compared to the second focus group, 

conducted with a group of older, married women with families to raise. Gleaning is 

approached as an important case-study for the understanding of women’s approach 

to issues related to the environment since it is an activity largely dominated by 

women and one in which they interact directly with the marine ecosystem as opposed 

to fishing, which is largely a male endeavor. 

 

Several key-informant interviews were conducted, namely with the leader of one of 

the Dasa wismas in Sampela, the Headman’s wife, a female Shaman, and a 

prominent female gleaner in the village. These semi-structured interviews were used 

to shed more light on the social position of women in the context of the Bajo village. 
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Issues of divorce and female rights of inheritance were discussed in order to gain a 

better understanding of the gender hierarchies in place within Bajo society at large, 

leading to a better grasp of issues of female power and security within Bajo society. 

Traditional views on the roles of women within Bajo society were also compared to 

the status of women today, casting light on issues of recent social change and 

perhaps suggesting the path of women and their roles in the near future. The 

importance of gleaning as a source of family income helps to highlight female 

contributions to household finances. Access to household finances, assets and 

resources as well as questions of control over the fruits of their own labor were 

discussed, along with female appreciation of the need to manage and preserve the 

resources associated to gleaning, which are largely the domain of Bajo women. 

Gleaning activities are explored as a key way in which Bajo women come into 

contact with the marine environment, appreciating resource decline first-hand and 

coming to terms with the need for management and community participation. 

 

A second survey-type questionnaire was carried out with a sample of 20 women in 

order to understand the ways in which the Sampela Bajo still function around a sort 

of “moral economy”, resorting to a residual form of resource sharing in times of 

hardship, which allows the community to stay afloat despite the great variability in 

catch size. Sather, (1997) outlines the intricate socio-economic and political ties 

among Bajo villagers and the gift-giving obligations with regard to fish in traditional 

Bajo societies. Scott argues that this “subsistence ethic” is largely responsible for 

allowing peasant communities to get by when “inevitable troughs in a family’s 

resources which might otherwise have thrown them below subsistence” (Scott, 

1976). The existence of this “wider system of economic relations, linking village 

families to one another, complements the relative independence of the family in day 

to day fishing, and so forms a vital element in the larger social and economic life of 

the community” (Sather, 1997). These systems of delayed reciprocity and exchange 

are at the basis of many subsistence-oriented, egalitarian societies, where it 

becomes important to spread the risks associated with making a day-to-day living 

among the community as a whole. The role of women in participating in and 

maintaining these reciprocal ties was explored within the context of Sampela. 

 

2.7.3. Conservation and Education: a case study 
The Indonesian Archipelago is home to one of the greatest diversities of marine 

species in the world.  The immense reefs are home to numerous species found only 
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in this area.  This remote area of the world has remained relatively sheltered in the 

past, with limited human contact because of small populations and little to no 

development.  Indonesia, however, is a rapidly expanding, modernizing population.  

Already the most populous Muslim nation on earth, western religion and ideology is 

quickly spreading across the country.  With this expansion comes great risk to the 

country’s natural habitats as consumption, development, and tourism expand.  It is 

clear that systems must be put in place in the very near future to ensure that the 

environment is not sacrificed to such development.   

 

The Indonesian government has implemented many such systems, including putting 

in place several extensive national parks, including the Wakatobi National marine 

reserve off of Sulawesi.  Within this park live many indigenous peoples, including the 

Bajo, a population of traditional “sea nomads” who lived traveling the open ocean of 

the archipelago fishing and trading.  Historically, environmental impact was kept to a 

minimum by the limited catch size traditional fishing methods allowed, small 

populations, and a nomadic lifestyle that distributed environmental impact over a 

wider area.  Within the last 50 year or so, however, the Bajo have come to settle in 

more permanent locations.  In the case of Sampela, the inhabitants now live in stilt 

huts built out over the coral flats in the waters of the Wakatobi national park.  This 

recent sedentarization combined with new technology and a rapidly expanding 

population have put immense pressure on the surrounding environment, to the point 

that the fisheries are now dangerously close to collapse.  It is essential that the Bajo 

learn to live sustainably with their environment both for the preservation of 

biodiversity in the area, but also to ensure the continuation of their sea-based culture. 

 

This process, however, is far from straightforward.  While Bajo lifestyle has changed 

dramatically in the last half-decade, much of the traditional thinking remains the 

same.  While the Bajo possess highly specific and detailed knowledge of the marine 

environment, this knowledge is specialized to that which fit with their previously 

nomadic lifestyle.  The sea and its aquatic inhabitants are seen not as beautiful 

landscapes to be preserved, they are viewed solely as resources and utilities.  Much 

of the thinking surrounding these resources is still very much egalitarian.  Life is still 

lived very much day-to-day, with little concept of saving.  Many fishermen in fact still 

do not truly believe that fish could ever run out.  To change how the Bajo interact with 

their environment, we must change how they view it. 
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In order to implement such change, conservation education programs must be put in 

place.  However, simply importing western doctrine will accomplish little in a place 

where the cultural perception of the environment is so radically different from our 

own.  Previous attempts to educate both adults and children simply through reciting 

specific rhetoric have accomplished little.  For example, children, if asked, will tell you 

that you shouldn’t throw trash in the water because it will destroy the reef which is 

where the fish live.  These same children, however, can be observed to throw their 

plastic wrappers into the sea without a second thought only hours later.  They know 

the words that they have been taught, but they do not fully understand the reasons 

and rationale behind it.  For conservation to be a success with the Bajo in the 

Wakatobi, fundamental understanding of the environment and how it works must be 

expanded.   

 

Environmental education, therefore, must be culturally appropriate if it is to enact any 

real change.  This means taking into account the manner in which the Bajo view the 

world and its effects both on their belief and their behavior.  Ultimately one must instill 

the basic concepts of limited resources and preservation in such a manner that it is 

understood if any conservation initiatives are to be successful. 

 

The Bajo in particular represent a valuable case study for the understanding of 

conservation education because they highlight a number of the problems with trying 

to implement cookie-cutter, western designed schemes.  Where the environment is 

not viewed in a western way, a culturally appropriate program must be put in place 

that takes into account these societal differences.       

 

Objectives 

The goal of this project is to better understand how the Bajo (particularly Bajo 

children) learn.  The hope is that this understanding of the processes of daily learning 

can then be applied to a classroom setting, utilizing these same pathways of 

knowledge acquisition for both basic and environmental education.  

 

In addition, this project also aims to determine Bajo children’s existing knowledge of 

the environment.  It is hoped that the results from this study will both provide insight 

into where and how such knowledge is acquired, as well as provide a starting point 

from which educators can build on existing ecological knowledge. 
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Methodology 
A series of semi-structured interviews were conducted in order to establish the 

current state of education in Sampela, perceptions of the alternative school, and 

ultimately to assess the state of children’s awareness of the environment.  Initial 

interviews were conducted with Paul van Nimwegen and Melanie Rippon, two 

volunteers with OZAID who are currently in Sampela on a year long project to 

develop a Bajo-specific curriculum for the alternative school.  They offered insight 

into both the development process and the difficulties of Bajo education based on 

their months of experience working in the classroom.  Additional key-informant 

interviews were held with teachers from the various schools in Sampela, including 

the head teacher of the alternative school, the head teacher of the Islamic school, 

and 3 teachers from the government school.  The aim of these semi-structured 

interviews was to establish what forms of education were available in the village and 

to find out what teachers themselves identified as the main challenges with Bajo 

education in general.  By inquiring how they dealt with these difficulties in the 

classroom, I hoped to gain a sense of techniques that would allow conservation 

education to become a logistical possibility. 

 

Emphasis then shifted to attempting an understanding of the ways in which the Bajo 

learn.  This incorporated notions of modes of both knowledge acquisition and 

knowledge transfer among members of the community, particularly children.  

Interviews were conducted with parents in order to get their opinions on how their 

children learn, but the semi-structured interview technique failed to capture relevant 

answers from such discussions.  This line of questioning was thus abandoned.  

Instead the focus was returned to the alternative school, and a number of focus 

groups were held with members of the community where they were asked their 

opinions and perceptions of the alternative school, including subjects which they felt 

should be taught.   

 

With this background established, the focus of inquiry was shifted to analyzing 

children’s knowledge of the marine environment.  The aim was to determine what 

gaps, if any, exist in their knowledge, and specifically to identify those areas of 

knowledge that they lack that are essential to conservation.  To this end, 20 focus 

groups comprised of approximately 4 children each were conducted (81 children 

total).  The groups were separated by gender and roughly by age (3 age groups were 

roughly ages 3-5, 5-8, and 8-10).  Care was also taken to ensure that the children 
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interviewed came from a variety of locations around the village in order to look at the 

effects of parental occupation and relative modernity on their answers.   

 

Rather than rely on questionnaires, a series of games were developed to test 

ecological knowledge in a less structured manner, allowing both for relatively 

unbiased answers and children’s limited attention span.  Interviews consisted of 3 

games; the first involved 10 flashcards, each of which had a species of sea-creature 

drawn onto it.  The species represented were selected to represent a variety of 

organisms from different habitats.  Species were also selected to represent a mix of 

those the Bajo were known to collect and make use of as well as those that they do 

not.  Each card was shown to the children in turn, and they were asked a series of 

simple questions about its identity (“what is this?”), habitat (“where does it live?”), 

feeding practices (“what does it eat? What eats it?), and reproduction (“what do 

young ones look like?  Where do they live?”).  Once this had been repeated with all 

10 species cards, the children were shown in turn flashcards of four different habitats 

(deep, mangrove, sea grass, coral reef), and again asked a series of short, simple 

questions, this time based around what creatures live there specifically asking them 

to separate creatures that they collect from ones which they do not.  After these 

cards have been shown, the children were presented with a large drawing of the 

marine environment (extending from the mangroves to the deep sea) which had been 

cut in such a way that while each habitat could be separated from the others, the 

edges lined up like puzzle pieces.  The picture was initially presented as a single unit 

with all of the pieces sat interconnected.  One at a time, 3 of the 5 habitat pieces 

were removed and the children asked what, if anything, was different and whether 

the removal of one habitat would affect the others. 

 

In addition to these focus groups, a number of follow-up interviews are planned in 

order to investigate interesting findings.  For instance, the parents of children who 

knew more than parental occupation would suggest will be interviewed to see if the 

parents themselves can provide insight into where this knowledge could have come 

from.  It is also hoped that other informal educators within the village can be identified 

and questioned in the form of semi-structured interviews to determine their role in the 

transfer of ecological knowledge to Bajo children. 
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2.8. Marine Resource Use and Management 

2.8.1. The socio-economic impacts of agar farming on the island of 
  Kaledupa 
 

Introduction 

The Wakatobi Marine National Park (WMNP) was established in 1997.  This national 

park has an area of 13,900 Km2, and is considered one of the best places in the 

world to dive as well as one of the most diverse places in the world for coral and fish 

species.  The Wakatobi is made up of 4 main islands called Wangi-Wangi, Kalidupa, 

Tomia and Binongko, this is where the name of Wakatobi originated.  The Wakatobi 

is made up of 2 main ethnic groups the Indonesians and the Bajo.  The Bajo have 

only recently in the last 50 years or so started to settle down in certain areas, this 

was mainly because of the occupation by Japan and there persuasion for the Bajo to 

pay taxes. 

 

Almost 10 years ago the Indonesian economy collapsed with the majority of people 

losing their life savings, even thought there were already a few agar farms this 

collapse caused more people to look at this method for an alternate money source 

because of the relatively high income compared to other jobs such as fishing.  The 

amount of agar farms has risen slowly until the last few years where there has been 

a relative boom in agar farms because it was a new concept and the local population 

wanted to watch and see if this idea would work.  With the high income that agar 

farming provides and the apparent sustainability of it because it is taking people 

away from fishing helping to replenish fish stocks at are extremely depleted.  But 

because of the attraction of the huge income compared to other jobs this is putting 

strain on the fishermen who are losing fishing locations because there are too many 

agar farms in certain areas and that because of the amount of agar farms people 

who are just starting up get the worst of the locations that are left and very restricted 

farm sizes. 

 

Objectives 

The objectives of this research are as follows: 

• What factors influence people in taking up agar farming? 

• Should there be restrictions on size and location of agar farms? 

• What factors influence the price of agar and how has this changed over the 

past five years? 
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• What is the relationship between agar farmers and middlemen who are 

involved in this trade?  

 

Methodology 
To collect the data for my research I designed a questionnaire that would give me the 

response from the interviewee that I wanted.  The questionnaires contained both 

qualitative and quantitative questions.  In total I designed 3 questionnaires for the 

agar farmers, the camat (mayor) of the village and for the middlemen who buy the 

seaweed direct from the farmers and then sell it on at a profit.  To interview the 

people in question I had to have a translator who could ask the questions and 

translate them back to me.   

 

I went to 4 different villages where tried to interview at least 20 agar farmers.  The 

villages where I interviewed are Langge, Darawa, Sombano and Buranga.  To get to 

these villages I had to travel by motorcycle or by pickup truck.  I managed to 

interview 20 in each village except for Darawa where I managed to interview 21 agar 

farmers.  I didn’t manage to interview the camat of each village because sometimes 

they were away from the island of Kalidupa but I did manage to interview the 

sectaries of villages where I didn’t get to see the camat. I also managed to interview 

a total of 4 middlemen 2 in the village of Sombano and 2 in the village of Buranga.  In 

addition to the qualitative and quantitative questions in my interview I made the 

interviewees place where they farm agar onto a map of the area around Kalidupa 

where they farm agar.   

 

To get the interviewees I went to see the village camat and after I had interviewed 

him I asked if he could give me a list of agar farmers in his village, this method would 

usually give me a list of around 25 names, usually when searching for these specific 

people I would be approached by others who wanted to be interviewed while I was 

interviewing others (this was most probably because OpWall gives money to those 

who are interviewed).  This would give me the numbers that I wanted to interview.  In 

Darawa because of the amount of people that do agar farming full time or to 

supplement their income I could just call in at any house and ask if they would like to 

be interviewed for my project, this was good because I could do a random sampling 

technique but I still had people coming to where I was interviewing and waiting in line 

to be interviewed. 
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After interviewing a few of the local agar farmers I could usually find out about the 

middlemen that they usually sell to, the local agar farmers that I interviewed would 

usually know where the middlemen lived, sometime I would have to wait a few days 

to interview because they would go away to sell their agar. 

 

2.8.2. Co-management: a comparison of fisheries management between the 
communities of Sampela and Kaledupa 
 

Introduction 
Many small-scale fishers in Indonesia have over operated in areas where the 

resources have been heavily exploited over the last few decades. This has been due 

partly to the rise in population, partly to the increases in fishing technology and 

market forces, but mainly reflects the lack of an effective coastal resource 

management system. Both Java and Sumatra in West Indonesia have heavily 

suffered from massive stresses on marine resources by over exploitation. Therefore, 

there is a great need for marine conservation and sustainable fisheries management 

in West Indonesia. The Indonesian government has implemented many such 

systems, including putting in place several extensive national parks, including the 

Wakatobi Marine National Park (WMNP) located in South East Sulawesi. The WNP 

was set up as a marine protected area in 1996. It is made up of 4 main islands called 

Wangi-Wangi, Kaledupa, Tomia and Binongko, which covers an area of 1.39 million 

hectares. The WMNP is made up of 2 main ethnic groups the Indonesians and the 

Bajo. It is an effort to protect marine resources and to halt the use of destructive 

fishing technique.  

This study evaluates the perception of fisheries management from the communities 

of Sampela and Kaledupa in order to define the barriers hindering the implementation 

of fisheries co-management and ensure the future sustainability, conservation and 

development of the marine resources on which the Bajau and Kaledepan people 

ultimately depend.  

 

The No Fishing Zone (NFZ) measuring approximately 400m x 100m is located 

between Sampela and Hoga. This is an agreement between the Bajo fishing 

community and Operation Wallacea and does not involve the Kaledupan community. 

The area has been completely closed to fishing, hence Operation Wallacea provides 

Sampela with financial compensation in the order of 12,000,000 Rupiah (₤700) per 

annum for the loss of the fishing area. There is no official monitoring of the area but 
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its location, in full view of both Sampela and Hoga, encourages compliance. The NFZ 

provides an interesting case study within the locality and has been much vaunted as 

a working example of community-based resource management. Despite the apparent 

success of the NFZ, there are a number of issues surrounding its establishment that 

call into question the level of community involvement. The aim of this project is 

therefore to evaluate the NFZ in order to get a better understanding of community 

based fisheries management from communities of Sampela and Kaledupa, and then 

to improve future implementation around Kaledupa Island. 

 

Objectives 

• To assess the level of community involvement from Kaledupa and Sampela 

• To explore the capacity of both communities to participate in co-management. 

• To define the barriers of fisheries co-management within the NFZ. 

• To support some feasible solution to future fisheries co-management around 

Kaledupa Island. 

 

Methodology   
The research was collected mainly among the communities of the Bajo village and 

Kaledupa Island, where I stayed for 5 weeks. The basis of the information was to 

come from qualitative interviews using a random sampling method.  

 

The research was collected mainly from interviews in 3 of 17 villages (Ambeua, 

Laulua and Kaswari villages) on the island of Kaledupa, also including interviewing in 

one of the Bajo village, Sampela, located on stilt houses between the village of 

Ambeua and Hoga Island. The interviews included two sectors: 

(1) For quantitative data aggregation, questionnaires, comprising of both open and 

closed questions, was used to evaluate the implementation of No Fishing Zone (NFZ) 

 

I interviewed 25 fishermen in Ambeua village and Laulua village of Kaledupa and 25 

fishermen in Sampela. I also interviewed 1 of the 12 National Park rangers currently 

based on Kaledupa, as well as the headman of Ambeua village and headman of 

Sampela village. 

 

(2) In-depth qualitative data collection questionnaires comprised of both open and 

closed questions were used to examine the feasibility of future fisheries management 

options around Kaledupa Island.  
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I interviewed 30 fishermen in Laulua village and Kaswari village of Kaledupa and 30 

fishermen in Sampela, consisting of 15 male and 15 female. 

 

2.8.3. Current status and prospects for the sea cucumber fishery around 
Kaledupa 

 

Sea cucumbers processed into ‘Beche-de-mer’ are a valuable source of income for 

many coastal communities in the Indo-pacific with many of areas being characteristic 

of over-exploitation. particularly in recent years due to increased demand on the 

Chinese markets. The main markets for Beche-de-mer are Hong Kong, Singapore 

and Taiwan. Imports to Hong Kong have shown steady increases in both value and 

tonnage since 1995. 

 

Many people in Sampela are involved in gleaning activity which results in large 

numbers of sea cucumbers being caught and processed into Beche-de-mer. 

Therefore is it necessary to determine the state of the fishery in terms of its economic 

and ecological aspects to determine whether management is required to ensure long 

term sustainability. 

 

This project will therefore establish whether there is a need for management of the 

Bajo sea cucumber fishery of Sampela. 

Objectives 

1. Investigation into the economic state of the fishery to determine how reliant 

the Bajo people are on sea cucumbers as a source of income. 

2. Investigation into the ecological state of the fishery to establish whether sea 

cucumber stocks have declined. 

3. Decision on whether there is a need for management of the fishery based on 

the assessment of the ecological and economic aspects, as well as possible 

management options. 

 

Methods 

Interviews: 

Two sets of interviews were completed. The first involved open ended questions to 

allow new themes to emerge and focussed on general aspects of gleaning activity. 

Questions were asked to establish areas where sea cucumber stocks were perceived 
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to have declined, where people go gleaning for sea cucumbers and how much they 

sell their sea cucumber for. The second set of interviews was used to establish levels 

of economic reliance on sea cucumbers as a source of income. Respondents were 

asked to rank their income sources in order of importance. This was followed by an 

exercise involving 20 equally sized stones. Respondents were asked to divide their 

stones into the amounts each income source provided them each week. This could 

then be used as an indication of percentage income received from sea cucumbers. 

Likert scales were also used to establish how worried they were if they no longer had 

any income from sea cucumbers as well as to determine perceptions of decline and 

the future of the fishery. 

 

Focus groups: 

Focus groups were conducted at the end of research to confirm themes that came up 

through the interview process. They also attempted to establish the kinds of 

management that might be appropriate to conserve sea cucumber stocks and what 

the Bajo would be willing to partake in. 

 

Transects: 

Four sets of transects were completed in three different areas. Two in a heavily 

gleaned site and two in less gleaned areas to establish whether gleaning activity has 

reduced the number of commercially valuable species in these areas. Also whether 

the size of species is smaller where higher levels of gleaning takes place. This would 

give an indication of over fishing. It would also illustrate whether distance from 

Sampela has an impact on whether the area is over exploited. 

Catch surveys: 

A total of 22 catch surveys were completed using a random sample. Individuals were 

approached while gleaning around the seagrass beds surrounding Sampela. They 

were asked how long they had been out for, and the size and total catch weight of 

their sea cucumbers were recorded. This data was used to determine a percentage 

maturity of the catch and the percentage of economically valuable species. 
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3.0.  Preliminary Results and Discussion 

3.1.  Coral Reef Dynamics 

3.1.1.  Coral reef monitoring 
 
Benthic Surveys 

The results obtained so far show that the highest coral cover (42.94%) is found on 

the crest of Hoga Buoy 3 (Fig. 3). Also the slope (40.53%) and flat (19.22%) of this 

site have a higher coral cover than the other sites. The site with the next highest 

coral cover is the crest of Ridge 1 (24.23%). The coral cover of the slope of Kaledupa 

1 has a very similar coral cover to this (23.73%). The lowest coral cover of all sites 

and all depths is found in Sampela. 

 

The percentage cover of hard corals within four of 
the monitoring stations as recorded in July 2006 

(means +/- SE, n = 3)
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The highest abiotic cover is found in Sampela in all three depths being the highest on 

the slope (74.9%) (Fig. 4). The lowest abiotic cover is found on the slope of Hoga 

Buoy 3 (19.69%). However, the flat in Hoga buoy 3 has a very high abiotic cover 

(68.55%). The abiotic cover of the slope and crest of Ridge 1 and Kaledupa 1 is very 

similar whereas the flat of Kaledupa 1 has a relatively high abiotic cover (48.81%). 
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Three other sites were also studied during 2006, the results are pending. 

  

Fish Surveys 

There were a total of 33 fish survey transects completed. Fish abundance was clearly 

highest on the crest of Kaledupa 1 (534 individuals observed). The highest fish 

abundance on slopes was found in Ridge 1 (376 individuals observed). Hoga Buoy 3 

flat had the lowest fish abundance (120 individuals). Sampela flat had a high 
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The percentage cover of abiotics (sand, rubble, 
rock) at four of the monitoring sites during 

July 2006 (mean +/- SE, n = 3)
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The number of fish found on 50 x 5 m belt transects (observer 
time of 25 minutes) on four of the monitoring sites during July-

August 2006 (mean +/- SE, n = 3)
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The number of fish families observed is similar in all observed sites (Fig. 6). The 

highest number was found in Kaledupa 1 in all three depths. The slope had an 

average of 46.67 families, the crest 47.67 and the flat 47.67 families. Sampela had 

the lowest number of fish families with just over 20 families present. 

 

Number of fish families observed over 50 x 5 m belt transects at four of the monitoring sites during July - Agust 2006 (mean +/- SE, n = 3)
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The number of groupers was clearly the highest on Hoga Buoy 3 (41 individuals per 

50 x 5 m transect) compared to 12 in Kaledupa 1 and 11 per 50 x 5 m transect, in 

Ridge 1. Groupers were not observed at the Sampela site. 
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Total number of grouper observed at each site
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The mean size of groupers was highest in Ridge 1 (28.18 cm) compared to 23.22 cm 

in Hoga Buoy 3 and 11.92 cm in Kaledupa 1. No fish over 50 cm were observed in 

any of the sites. 

Mean Size of Groupers observed 
at all sites
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Preliminary Discussion 
 
The results from the benthic survey show us so far that the coral cover is clearly 

highest in Hoga Buoy 3. This site is situated in the no-take area and constitutes of a 

fairly steep wall with a high amount of encrusting corals. The other sites have a coral 



 112

cover of under 30% which is less than in the previous years. Sampela, a site situated 

at close proximity to a local village, suffers from sedimentation and has the lowest 

coral cover and highest abiotic cover.  

 

Destructive fishing methods such as bomb fishing activities threaten the reefs of the 

Wakatobi. Coral mining is also an ongoing activity in the national park. These 

activities have decreased the coral cover significantly on many of the observed sites 

and represent an ongoing threat in the area. 

 

The abundance of groupers is clearly highest in the no-take area of Hoga Buoy 3 

indicating that the no-take area has a positive impact on the reef. The biggest 

groupers were found on Ridge 1. The reef crest of Kaledupa 1 had the highest 

abundance of fish. This site provides rich habitats and strong currents for fish. With 

the combination of the benthic surveys the data sets produced for this monitoring 

programme will produce important information for the future of the Wakatobi 

fisheries. To optimise the potential of this project it must be combined with the 

projects running in conjunction with the local fishermen and fisheries committees in 

the Wakatobi National Park. These include catch assessments and interviewing the 

fishing communities. The data must be used as a long term tool for comparisons in 

the future. 

 

The results obtained from the monitoring programme will provide an important tool for 

making correct management decisions in the future concerning the reefs of the 

Wakatobi National Park. 

 

3.1.2.  Coral growth and recruitment rates 
 

Assessments of the quadrats in 2006 showed that the quadrats remained in tact, did 

not move, and caused minimal physical abrasion to the coral community. There was 

evidence of abrasion, but in each case, the coral colony affected recovered and 

started to overgrow the point of contact. The method was therefore deemed 

successful. 

 

Examples of the data collected follows. Note that where there are no errors bars, this 

does not signify  zero error, rather than one observation. Comparisons between 

species and particularly within species between sites will help identify those species 
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that are more adaptable to existing under a variety of conditions. Large levels of 

variation may be inherent or may be due to localised conditions (e.g. micro-climates) 

relating to variable light availability and space available to grow into. More detailed 

analysis will be carried out to determine the key variables affecting growth strategies. 

  

The linear extension rates (length, width and height) of the main massive coral species from 
Hoga B3 (10 meter depth) from August 2005 - 2006 (mean +/- SE)
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Mean linear extension rates of the most common massive corals at Sampela 10 m from July 
2005 to 2006 (mean +/- SE)
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The following figures demonstrate the difference in extension rates for the massive 

coral species common to both Sampela and Hoga.  

Mean maximum linear extension as calculated from 
maximum length of the common massive coral 

species at Sampela and Hoga (10 m) from July 2005-
2006
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Mean maximum linear extension as calculated from 
maximum width of the common massive coral 

species at Sampela and Hoga (10 m) from July 2005-
2006
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Mean maximum linear extension as calculated from 
maximum height of the common massive coral 

species at Sampela and Hoga (10 m) from July 2005-
2006
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The difference in measurements obtained depends on which axis is used. Correlation 

analysis demonstrates that there is a negative interaction between the different axis 

and therefore the following figure uses an assumed hemisphere model (4/3.pi r3) to 

combine the different axis and to gain a volume rather than a linear extension value. 

 

Mean maximum volume increase as calculated from 
mean maximum radius of the common massive 

coral species at Sampela and Hoga (10 m) from July 
2005-2006
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Using this assumptive model approach is appears that the volume accreted by 

Porites lutea, P lobata and Favites abdita is higher in Sampela than Hoga despite 

their being am increased light attenuation at the Sampela site. Sampela is a turbid 

site (see next section), particularly at this time of the year. However, observations at 

other times of the year have demonstrated the very high, perhaps seasonal, 

variability in light attenuation at this site, particularly when compared to the Hoga site. 

During March – April, possibly due to reduced wave activity and current speeds (and 

therefore reduced resuspension of the fine sediments – the dominant feature of the 

shallow benthic region associated with the Sampela site), the Sampela site is 

characterised by much higher light. Species that are rapidly able to adapt to a 

variable light environment are most likely to dominate a system that tends to also be 

characterised by variable ambient light. Preliminary photophysiological studies of P. 

lutea  have clearly demonstrated this species ability to adapt from low to high light 

and from high to low light in a mater of hours (as determined by FV/FM measures 

determined by the FIRE Flurometric technique). It is possible that the other species 

that do particularly well as Sampela also demonstrated a similar plasticity of their 

photo apparatus. Further studies are planned to examine the photophysiology and 

productivity of dominant, cosmopolitan and restricted ranged corals, in the near 

future. Such studies, coupled with detailed assessments of the reproductive strategy 

of dominant coral species will enable scientists to determine the major reasons for 

species dominance on reef systems and how and why dominance may vary between 

sites that are characterised by having vary different ambient environmental 

conditions. Such studies will also enable reef managers to predict the effect of 

environmental change be it natural (e.g. climate change – high light and temperature) 

or anthropogenic (e.g. increased sediment input, increased light attenuation and 

increased sedimentation). Such eco-physiological approaches are required if we are 

to determine the main forces that drive coral and hence community of coral reefs.  

 

Further analysis of the data is required to examine, albeit, using assumptive models, 

the life strategies of the different dominant coral species. Corals can dominate 

systems as a result of a few different characteristics of their life strategies i.e. 1) 

faster growth rates due to higher productivity 2) High but sporadic reproductive 

output (modal size frequency distribution) or 3) continual moderate reproductive 

output (equally distributed size frequency distribution but taking in to consideration 

normal age related mortality and therefore decreased frequency at larger sizes). 

Other biological as well as anthropogenic factors can affect growth rates e.g. 
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disease, abundance of bioeroders, pollution and eutrophication). However it seems 

likely from this study that a continual moderate reproductive output (several 

reproductive seasons of equal success) coupled with relatively high growth and 

accretion rates – probably due to the species ability to rapidly adapt to a variable light 

gradient, results in the success of selected species on the reefs of the Northern 

Wakatobi (and other sites).  The study will be repeated to determine whether or not 

the 2005-2006 period is representative, further comparative studies and 

experimentation will examine the physiology of the species, and further more 

widespread surveys of size frequency distribution are planned for future field studies.  

 

Recruitment rates (including detailed examination of Porites lutea) will be carried out 

to examine the input of new colonies in to the Northern Wakatobi sites. It is proposed 

that this recruitment strategy, which could vary between species, sites and bioregions 

are key to the sustainability of reef systems.  

 

3.1.3. Sedimentation rates 
 

Sedimentation rates varied significant between the three sites, and were higher at 

Sampela (black bars) ; there was no difference between Pak Kasims (Gray) and 

Kaledupa (white). There was no difference between habitat, at there was no 

significant interaction between site and habitat. Note the relatively high variation in 

sedimentation rates at Sampela: this may be a factor of the dependence of this sites 

sediment budget on wave action. 
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Sedimentation rates at three sites within the Northern Wakatobi during July and August 2006 
(mean +/- SE, n = 6). Rates were determined for the reef flat, crest and slope (10 m) at all sites.
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The secchi depth readings are only rough estimates of light attenuation. Numerous 

formulas exists to relate the secchi disc depth to photic depth. However for ease of 

comparisons and because the different  transfer functions have inherent error, only 

the actual secchi depth is presented here.  

 

Secchi depth readings for three sites in the Northern Wakatobi betwen July and August 2006 
(mean +/- SE, n = 6)
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As would be predicted from the sedimentation rates, the secchi depth readings were 

significantly higher at Pak Kasims and Kaledupa than at Sampela. Note that standard 

errors are fairly large due to different sediment loads but also due to experimental 

error resulting from variations in cloud cover between days. Although, as far as 

possible, readings were taken at the same time each day, making sure sea 

conditions and cloud cover were relatively similar between days, it was not possible 

to standardise all these influencing factors. Results should therefore be treated as 

estimates only. The values seem low compared to other studies; this may be due to 

differences in the ways in which secchi depth readings are taken. Some studies use 

the total disappearance of the disc as the measured and recorded depth whilst 

others, as in this study, take the depth at which the colour separation (i.e. black and 

white) is no longer visible.  

 

It is difficult to make direct comparisons between sedimentation rates and secchi 

depth as they measured two quite different things e.g. it is possible to have high 

turbidity and light attenuation (i.e. low secchi depth readings) but low sedimentation 

rates if sediments are kept in suspension by currents and wave action. This is most 

likely to be the case within in this study and therefore differences in the light 

environment as inferred by differences in sedimentation rates, can be considered an 

under estimate. This year, for the first time, long term data loggers were placed at 

each of the study sites. These data loggers recorded light and temperature every 10 

mins for one year. Unfortunately, although some data were collected, the light 

measures are not accurate because of encrusting organisms covering the light 

sensor. Also, a large number of data loggers were removed from the sites by 

unknown persons, before the data could be collected. A more secure system will be 

required in the future, and because of the problems with encrustation, light data 

should be down loaded weekly and sensors thoroughly cleaned. 

 

3.2. Coral Reef Biodiversity and Ecology 

3.2.1. The abundance, diversity and behavioural 
characteristics of Pomacanthidae on various reef 
habitats around Hoga island in the Wakatobi 
Marine National Park 

 

The quality of habitat was examined at the three study sites. 
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One of the dominant features of the Kaledupa site, particularly the shallower site was 

the dominance of soft corals. Soft corals often dominate physically exposed 

environments and often form stands within sites that have been physically impacted 

by other means such as blast fishing. The high degree of variability suggests that the 

habitat is patchy.   

 

Benthic habitat classification for the study sites at Hoga B3 (August 2006) (mean +/- 
SE, n = 3)
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Buoy 3, had a large percentage of encrusted hard coral at both depths, probably 

because of the topographic nature of this study site ( near vertical wall). The large 
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percentage of “water” along the transect may be explained by the huge amount of 

inaccessible crevices, caves and overhangs present on the Buoy 3 wall. A higher 

community diversity was observed at the shallower site. The deeper site was 

extremely patch, probably due to the nature of the reef wall with variably overhangs 

and therefore light environments.  

 

 
Sampela is an extremely patchy reef as is often the case on degraded reef systems. 

The Sampela reef is characterised by a distinct lack of soft and hard coral cover and 

the large amount of sand, rubble and turf algae. As previously described the 

Sampela wall is subjected to a seasonally variable light environment due to sporadic 

and often long lasting, resuspension of the shallow fine sands characterising the 

bottom of the Sampela Wall at around 12-14 m.  

 

The abundance and species richness of the Angelfish assemblage was recorded at 

each of the sites within the same “ecozones” as the benthic study (habitat quality). 

Time swims (roaming survey technique) was used with a standardised sampling 

effort of 20 mins which approximately equated to 200 m (three independent 

replicates). 
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The two most prominent species present at Kaledupa were the Regal and Keyhole 

angelfish with both species in greater abundance 10m below the crest rather than at 

2m. Kaledupa appeared to be the most diverse site and was the only site where the 

Two Spined Angelfish was identified.  

 

 
Buoy 3, as shown in the figure above, was the second most diverse site with respect 

to Angelfish, with the greatest abundance and richness  2m below the crest. At both 

depths Regals and Keyholes were the most abundant species. In terms of overall 

abundance however, Buoy 3 was the least abundant site which might be a reflection 

of the general wall-like habitat rather than habitat degradation. 
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Sampela was the least diverse site studied but in fact showed the greatest overall 

abundance due to the large number of Bicolours and Keyholes. With the exception of 

the Regal Angelfish, abundance and richness was highest at the deeper transects. 

10m below the crest saw the greatest abundance of all species. 

 

The abundance of different fish groups on reef systems are affected by several 

different factors. One of the most important variables is that of habitat quality. It 

seems most likely that those species that are able to exists on reefs of different 

qualities are those species that are most plastic in terms of their behaviour e.g. their 

feeding strategy. Behavioural studies can elude to the reasons why certain species 

are able to exist on reefs and therefore the behavioural traits of the three most 

common species was studied at the three sites. Many hours of initial observations 

identified the key behavioural traits and an ethogram produced so that time budget 

analysis studies could be carried out on the key species. 
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The behavior time budget for three species of Pomacanthidae at Buoy 3, 
Hoga home reef
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Regals were more cryptic (i.e. “hid the most”) than the other species and with 

Emperors were the least. Regals also appeared to roam the least and also feed the 

most suggesting a reduced spatial requirement. Emperors on the other hand spent 

the most time roaming and spent the greatest amount of time spent diffuse feeding 

suggesting a greater area of reef was required to for fill the needs of the Emperor 

Angelfish. In the case of all three species focus feeding exceeded diffuse feeding on 

Hoga Reefs. 

 

The behavior time budget for three  species of Pomacanthidae at 
Kaledupa
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At Kaledupa, as seen at the Hoga site Regals were more cryptic (roamed the least 

and hid the most), and Emperors used a larger area of the reef. The keyholes spent 

the most time focus feeding which once again reflected their cryptic behaviour. 
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Diffuse feeding was minimal in all three cases which may be a result of high resource 

availability or competition from other species. 

 

 

 

 

 

 

 

 

 

 

 

 

 

All three species spent roughly the same amount of time hiding. Regals and keyholes 

spent an even amount of time roaming whilst the Emperor roamed the most. Focus 

feeding was seen at its greatest with Keyholes and the least with the Emperor once 

again suggesting a larger “territory” size. The Keyhole appeared to be the most 

active out of the three with a minimal amount of time spent not moving. Interestingly 

at this the Emperor spent the greatest amount of time stationary which may be 

related to reduced competition or increased availability of food resources. 

 

Discussion 
Angelfish, in respect of species, were most abundant at the Sampela site due to high 

numbers of Keyhole Angelfish. Total numbers were mainly made up of Bicolours and 

Keyholes, algae and detritus feeders, which appeared to thrive of the large 

availability of food as shown in the benthic classification. i.e. Lots of turf algae and 

rubble. Least abundance of angelfish was seen at Buoy 3 and may be because that 

the “pristine” site had less food present due to its high quality environment and also 

the site is a shear wall below the crest offering less coral, crevices and hiding places. 

This point was emphasised where abundance at this site was greater at 2m below 

the crest. In this shallower ecozone the environment was better suited for food 

growth due to greater light availability, and a more appropriate topography. 

 

Greatest diversity was observed at Kaledupa., a feature of the site that is also 

evident when other taxonomic groups of fish are examined. Kaledupa has previously 
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been blast fished offering detritus and algae covered rubble as well as the high 

percentage of soft and hard coral cover. Food availability is obviously more diverse at 

Kaledupa than Sampela which showed the lowest diversity of all three site and 

therefore probably favoured just a few species which therefore tend to dominate 

(competitive release). The reef slope at Kaledupa also offers more diverse 

topography compared to the shear wall at Buoy 3 which didn’t offer as many habitats 

and niches. 

 

The total amount of time spent hiding was greatest at Sampela. Across all three 

species, the most amount of time spent roaming was at Buoy 3. This may be due to 

the reduced amount of available food compared to the algae covered Sampela and 

the more diverse Kaledupa, or because of the different topography, a reduced 

physical capacity to habour Angelfish species. Emperors in all cases seemed to roam 

the most. This may be explained by their large size and so larger territory as well as 

not eating algae and detritus so food choice must be more selective. This would 

explain their reduced abundance at the more degraded sites. 

 

The results have demonstrated a diverse Angelfish community on the reefs at the 

Northern Wakatobi Marine National Park. Behavioural studies demonstrate the 

plasticity of Angelfish species and also that, probably due to different requirements in 

terms of food and space, shifts in the community structure and particular the 

equitability of Angelfish species are common on reefs within the same region but 

characterised by different habitat quality. Such shifts in Angelfish assemblage may 

be more reliable indicators of community health than the use of individual indicator 

species. The study has demonstrated that behavioural studies are possible and 

useful in ascertain the main causative factors for coral reef fish diversity and 

community structure. This study can be compared with similar studies examining 

other ref fish taxonomic groups to help us understand the complex interactions that 

are common within the coral reef ecosystem; they also may help managers to 

determine the fate of habitat degradation. 

 

3.2.2. The use of corallivorous Butterflyfish as bio-indicators 
of reef health.  

 
Results show that Hoga had the largest amount of hard coral cover, Kaledupa has 

the largest amount of soft coral and Sampela has the largest amount of “other” which 
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was mainly made up of abiotic substrata such as rubble, dead coral, sand and rocks, 

Algae was also included win this category. The results confirmed the choice of sites. 

 

 
 

The total abundance of butterflyfish varied significantly between the three sites (data 

presented are means +/- SE, n = 3  over 50 m transects) 

 

 
 

Diversity of Butterflyfish species at each site was analyzed using Simpson’s diversity 

index. The index runs from 0 and 1 the greater the value the higher the diversity. 

Results showed that species diversity was highest at B3 (0.87) followed by Kaledupa 

(0.84) and  finally Sampela (0.82). 
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The abundance of corallivores at each site was calculated using the mean number of 

corallivores. Again B3 had the largest abundance followed by Kaledupa and finally 

Sampela (data presented are means +/- SE, n = 3  over 50 m transects). 

 

 
 

 

The Redfin butterflyfish is an obligate corallivore. Analyses of the mean species 

specific abundance shows, B3 has the largest amount of Redfins at 3m and 12m. 

However Kaladupa had a larger mean abundance at 6m. Sampela again had the 

least number of Butterflyfish at each depth. 
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Analyses of the mean abundance of the Black back Butterflyfish showed  that  

Kaledupa had the greatest abundance at each depth, B3 has the nest largest amount 

but only at 3m and 12m, Sampela has a greater number than B3 at 6m and hence 

the relationship with this facultative corallivore, with habitat quality does not hold true. 

 
 

Analyses on the feeding rates of the Redfin Butterflyfish show feeding rates are 

higher in Sampela, followed by B3 and Kaledupa. Data are presented as bite per 

inute. The low values generally are due to the relatively low time spent feeding.  

 
 

Further analysis of the data is needed to identify the types of food the different 

species utilised, the difference between diffuse and focused feeding and the relative 

food preference – does this change between the sites? It is hypothesised that the 
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Redfin will spent more time focus feeding at Sampela because the greater 

distribution of food types. The Redfin can be more selective at the other sites and 

therefore it is hypothesised that diffuse feeding will be more prevalent. 

 

Discussion 
As expected Hoga had the largest amount of hard coral cover, this is due to it being a 

low impact site. Abundance of Butterflyfish showed a trend in Butterflyfish abundance 

with hard coral cover. Butterflyfish diversity is higher at B3 reason for this needed to 

be investigated further but is probably due to the greater diversity of potential food 

types, the higher abundance of food and also the greater degree of topographic 

diversity. 

 

Species specific surveys have demonstrated that Butterflyfish can be used as 

indicators but the degree of association is questionable because of the ability to 

switch food items and feeding strategy: in particular great care should be taken when 

examining facultative coral feeders as seen within this study. Further analysis will be 

carried out to look at specific food items i.e. the selectivity of the different species and 

the preference for certain food types. Detaile3d investigations are suggested 

examining the “quality” of each food item i.e. do some corals offer a higher quality 

than others or is preference related to availability? How does this preference change 

and what are the cost-benefit relationships involved. Such detailed investigations 

would once again allow us to try and start top determine the key features of coral 

ecosystems that drive species diversity.              

 

 

3.2.3. Patterns of resource utilisation by two common species 

  of damselfish in coral reefs of varying habitat quality  

  within the Northern Wakatobi Marine National Park.  

 

Behn’s Damsel consistently has a larger territory than the Jewel Damsel, a feature 

that was especially prominent at the relatively degraded site of Sampela. 
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Behn’s Damsel spends more time feeding than the Jewel, perhaps due to a wider 

range of food sources or reduced food quality.  They spend a large amount of time 

feeding particularly at Kaledupa, a site that is characterised by having sporadically 

high plankton concentrations   Behn’s also chase and are attacked less and spend 

less time ‘hiding’ or out of view particularly at Sampela, perhaps due to there being 

less place to hide in the Sampela area, or due to the reduced competition that exists 

for planktonic compared to benthic food types.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From general observations (data yet to be fully analysed)  the Jewel damsel show 

more aggressive behaviours, chasing and being attacked more often, particularly at 

Comparison of Behns and Jewel damsel territory size at 3 sites
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Sampela and especially by their own species.  This could be due, again, to their food 

source being less readily available and therefore regarding more protection from 

others requiring the same source and hence there being a greater degree of 

competition. Here therefore, there could be a trade off between having a low quality 

food source e.g. like planktonic suspensions (i.e. Behns) but reduced completion and 

therefore less energy expenditure on defending the resource as compared to a high 

food quality but greater risk of attack and energy expenditure defending this relatively 

high quality resource.  Competition interactions of the Jewel damselfish tend to be 

conspecific as well as interspecific once again demonstrating that their abundance is 

controlled by resource availability and hence competitive interactions. The Behns 

abundance, in this sense is not so controlled by intense biological interactions.  

 

Initial analysis of results suggest that aggression is highest at Sampela, this maybe 

due to the overall decreased amount of resource available. Further analysis is 

required to identify the key factors controlling the population densities of these 

important fish species. This study can be used as a case study demonstrating the 

complex interactions that are common to reef systems and help us to identify the key 

features of reefs that control species diversity. 

 

3.2.4.  Distribution and Abundance of the Serpulid Polychaete Spirobranchus 

sp. in Response to Biotic and Abiotic Factors in the Wakatobi National 

Park, Sulawesi, Indonesia  

Results from this study show that the distribution and abundance of Spirobranchus 

varied both within and between sites. Sampela showed an inverse distribution of 

mean worm abundance at the three different habitats with a greater abundance on 

the reef slope than on the reef flat. This contrasts with both Kaledupa 1 and most 

notably Pak Kasims which show the greatest abundance of Spirobranchus on the 

reef crest (see following figure). Further analysis using multivariate PRIMER package 

compared variations within and between sites. Spirobranchus abundance data was 

square root transformed and Bray-Curtis similarity matrices were employed to show 

nMDS ordination and cluster analysis of Spirobranchus distribution at different 

habitats between sites (see following figures). Both demonstrate that the mean 

distribution of Spirobranchus varies significantly between the reef slope compared to 

the reef flat with little difference between reef crest and flat. Results from a one-way 

ANOSIM, which compares within and between group similarities therefore, of worm 

abundance and distribution between habitats within the sites (Table 1; Global R), 
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further correspond with ordination plots as represented in Figure 3. Both global test 

and pairwise comparisons show a significance level of 0.1% (R=0.224) 2D stress 

being 0.15, indicating P≤0.001. However these results show a low level of variation 

between habitats within sites.  

 

 
 

Pairwise Tests Statistic Level % 
Slope, crest 0.325 0.3 
Slope, flat 0.419 0.1 
Crest, flat -0.059 88.7 
Global R 0.224 0.1 
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The distribution of Spirobranchus was non-random on specific coral genus (see 

figure).  It was observed that the hard coral genus Montipora sp. had a greater 

number of worm infestation on the slopes at all the sites compared to branching and 

massive Porites sp. on the reef flats and crest. The reef flat at Pak Kasims showed a 

high degree of variation due to the abundance of worms on branching and massive 

Porites sp. 
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Results from a one-way ANOVA (MINITAB©) showed that there was no significant 

difference in turbidity between Pak Kasims and Kaledupa 1 but there was a 

significant difference in turbidity (therefore light attenuation) between Sampela 

(P=0.009; F=5.42) and both Pak Kasims and Kaledupa 1. 

 

 
 

Results from the sediment traps taken from each site  showed that Sampela had the 

highest sedimentation on all habitats apart from the reef crest at Pak Kasims. It was 

observed that sediment was finer and slightly oily from the Sampela samples 

compared to a much coarser consistency observed at Kaledupa 1. 
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The results from the rugosity measurements show that Sampela has less structural 

complexity than both Pak Kasims and Kaledupa 1, with the latter having the most 

structural complexity on the reef crest. 

 

Discussion 
The abundance and Spirobranchus in the Wakatobi National Park, Sulawesi, show a 

non-random distribution between sites: Sampela and both Pak Kasims and Kaledupa 

1, relatively unimpacted sites in the archipelago. nMDS ordination and cluster 

analysis of Spirobranchus distribution at different habitats between sites both 

demonstrate that the mean distribution of Spirobranchus varies significantly between 

the reef slope compared to the reef flat with little difference between reef crest and 

flat. This is also demonstrated by the differences in coral genera between the 

different habitats and sites. Both Pak Kasims and Kaledupa 1 have the greatest 

abundance of worms and branching Porites sp. a morphology resistant to exposed 

environmental parameters. Montipora sp. was much more abundant on the reef 

slopes than the crest and flats probably due to morphology of the reef and possibly 

less exposure to sedimentation although this is not shown for Kaledupa 1. 

 

Results from the sediment traps taken from each site  showed that Sampela had the 

highest sedimentation on all habitats apart from the reef crest at Pak Kasims. This 

maybe due to a highly sedimented saddle present at this site as a result of coral 

mining in previous years (> 10 yrs ago). The Sampela reef is closely situated to the 

Bajo village and it was observed that sediment collected at this site was much finer 

with a slightly oily consistency maybe due to human organic input. The high water 

movement and input coming across the mid-channel ridge  may also contribute to the 
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high sedimentation observed at this site coupled with a significant decrease in light 

attenuation (Figure 6 & P=0.009; F=5.42)compared to both Pak Kasims and 

Kaledupa 1.  

 

The rugosity measurement results taken from Sampela show less structural 

complexity than both Pak Kasims and Kaledupa 1, with the latter having the most 

structural complexity on the reef crest. When compared to Spirobranchus abundance 

data it can be seen that worms on the reef crest at Kaledupa 1 is high compared to 

the other sites. However the structural complexity of branching Porites sp. present 

primarily on the reef flats could also provide a refuge for the worms, increasing 

protection against predatory organisms such as fish and crustacea (Marsden, 1990). 

It was observed that small worms were prevalent on the branching coral species, 

probably due to such corals having a faster growth rate than massive and encrusting 

species. However branching corals have a decreased skeletal density which maybe 

a disadvantage for infestation by macroboring organisms. Spirobranchus is not a 

macroborer, laying its tube on the surface of the coral with the coral then growing 

over it. The worm uses its labial palps to line the inner tube and opening with mucus 

and continues tube construction therefore preventing overgrowth by the coral.  

 

The question remains as to why the larvae of Spirobranchus is not consumed by the 

heterotrophic corals. Is it a consequence of larval size greater than the coral polyps 

themselves, as it was observed that no worms were present on Diploastrea heliopora 

colonies having larger polyps. Alternatively the coral benefits mutualistically from the 

presence of Spirobranchus as discussed by Floros et al., (2005), Dai and Yang, 

(1995), Hunte et al., (1990) and Devantier et al., (1986). Interestingly the feeding 

currents of Spirobranchus (as demonstrated by Strathmann et al., 1984) draw coral 

mucus up from the surface. This would be an appropriate explanation for why this 

serpulid species inhabits live hard corals (as it was noted in the field that most 

bleached, predated and diseased corals as well as heavily infested corals with other 

macro boring organisms, that a ubiquitous presence of empty Spirobranchus holes 

and/or re-inhabited by Paguritta sp.) but the benefit may be due to the reduction of 

sedimentation and/or undesirable micro-organisms present within the coral surface 

mucus layer (as summarized by Brown and Bythell, 2005). A comparative analyses 

would be required comparing both rate and content of coral mucus uptake by the 

worms, and how much of the mucus is taken across the coral surface. The gut 

content of Spirobranchus and the coral mucus would require analyses plus a non-

culture clone diversity analysis using 16s rDNA and rpoB-DGGE sequencing with 
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subsequent clone library comparisons on microbial content of the mucus (as 

described by Bourne and Munn, 2005 on Pocillopora damicornis colonies), worm gut, 

inhalant and exhalent current as well as adjacent water column to see it there was 

any significance in this hypothesis. 

 

Further from this investigation it can be seen that the serpulid polychaete 

Spirobranchus giganteus corniculatus has a non-random distribution on specific coral 

species within the Wakatobi National Park, Sulawesi. Both between and within site 

variation was shown with a significant difference between worm abundance on the 

reef flat and reef slope, as well as between the impacted site of Sampela and the 

relatively unimpacted sites of Pak Kasims and Kaledupa 1, both of which showed 

little variation between each other apart from the reef flat at Pak Kasims. 

 

3.2.5.  Home range size and cleaning behaviour in Labroides bicolour  

It was found that home range size clearly increased with size of individual cleaner in 

Labroides bicolor. 

 

 
The results from the behavioural study (based on observations from 3 adult L. bicolor 

and 3 L. dimidiatus) showed that the mean length of cleaning interaction was longer 

in L. dimidiatus than L. bicolor. 
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In addition, the results from the behavioural study showed that the mean size of client 

was larger for L. bicolor compared to L. dimidiatus 

 

 
The results also showed differences in the structure of cleaning interactions between 

the two species (see figures below).  In L. bicolor, interactions were mainly initiated 

by the cleaner or by both cleaner and client, whereas in L. dimidiatus, interactions 

were mainly initiated by the client.  In L.bicolor interactions were mainly terminated by 

the cleaner or by both cleaner and client, whereas in L. dimidiatus interactions were 

mainly terminated by the cleaner. 
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Discussion 
The results showed that home range size increased with size of cleaner in the 

species L. bicolor. The smallest cleaners studied had small home ranges, similar in 

size to the home ranges size of L. dimidiatus, while the largest adults had huge home 

ranges.  This is an important finding as it suggests that behaviour of cleaners is likely 

to change over the course of development in accordance with changes in home 

range size.  It would be interesting to conduct further research into these 

developmental changes in behaviour. 

 

The results from the behavioural study showed that on average, cleaning interactions 

lasted longer in L. dimidiatus compared to L. bicolor. This result reflects the 

difference in the way that cleaning interactions occur in these two species.  Adults of 
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the species L .bicolor swim over large distances in their home ranges, having short 

interactions with clients that they encounter on the way.  In contrast clients are 

usually readily available at cleaning stations of the species L. dimidiatus, which 

means that these cleaners are able to interact with clients for longer periods. 

 

The results also indicate that adult L. bicolor cleans mainly larger clients than L. 

dimidiatus.  This may reflect the fact that adults of the species L. bicolor are much 

larger than adult L. dimidiatus, thus their client spectrum is biased towards larger fish. 

 

The results showed that there are major differences in the structure of the cleaning 

interactions between the two species of cleaner.  In L. dimidiatus, clients often 

initiated interactions by posing at the focal point of the cleaning station.  Since many 

clients were often posing at the cleaning station, the cleaner usually had several 

potential clients near to it at any one time.  This explains why a high percentage of 

cleaning interactions were terminated by the cleaner, since the cleaner would often 

leave one client in order to service another that was waiting. 

 

The results from the behavioural study showed that the way in which cleaning 

interactions occurred in L. bicolor was very different.  The cleaner would roam over 

its home range to find potential clients, therefore a high percentage of interactions 

were initiated by the cleaner. This is in direct contrast to the L.dimidiatus system, 

where cleaners were sought out by clients who frequently initiated the interactions.  

In the L. bicolor system a much lower percentage of interactions were terminated by 

the cleaner, reflecting the fact that cleaners in this system did not have many 

potential clients available to them at any one time, thus cleaners would usually 

continue cleaning until the client showed signs of wanting to terminate the interaction. 

 

3.2.6.  Time budgets, resource partitioning and food 
preferences of Scaridae species on coral reefs in 
the Wakatobi National Park, Indonesia  

 

Benthic Characteristics 

Benthic results confirmed a gradient of reef quality, with regards to coral and algal 

cover. The results also indicate a difference in benthic characteristics within each site 

when comparing the slope and crest which agrees with studies from previous years. 

The impacted site Sampela revealed higher sand, rubble and algal cover in 
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comparison with Buoy 3 and Kaledupa which have higher scleractinian and octocoral 

cover respectively.  

 

Population and assemblage of Scaridae species 

Preliminary results reveal differences in the total abundance of Scaridae species 

between the three study reefs of varying quality as well as differences within site with 

regard to depth. Significantly higher numbers of Scaridae individuals were recorded 

along the crest at the intermediate site Kaledupa (F1,5=8.89, p=0.041), with Scarus 

psittacus (F2,8=12.50, p=0.007) and Scarus schlegeli (F2,8= 16, p=0.004) more 

abundant here at 3m than at the crests of the other study reefs.  

 

A significant difference was found between site, depth and total abundance of 

Scaridae individuals (F 2,17=4.93, p=0.027), again with Kaledupa, the intermediate 

site showing significantly more individuals overall (see figure) as well as increased 

diversity with 11 species recorded here compared with only 3 at Sampela and 6 at 

Buoy 3.   

 

Figure 1: Scaridae abundance over 50m transects along reef crest and slope on 

reefs of varying quality, July/August, 2006, showing mean values ±1s.e. (n=3) 

 

 
 

No significant difference was revealed between the total frequency of Scaridae 

species along the slope of each study reef, 10m below the crest (Buoy 3 1±1.s.e., 

Kaledupa and Sampela 2.67±1.s.e.). The mean Scaridae frequency along the slope 

at both Buoy 3 and Sampela were shown to not be significantly different from the 

mean abundance on the crest of each site. 
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Behavioural studies 

Time budget analysis of the behavioural data revealed differences in foraging and 

roaming budgets between species in response to site. All three species studied, S. 

flavipectoralis, C. sordidus and C. bleekeri respectively spent more time roaming at 

Sampela (59±1.s.e.,49±1.s.e.,91±1.s.e. Figure 2) than foraging (34±1.s.e., 45±1.s.e., 

8±1.s.e. Figure 3). In contrast to Buoy 3  where two species, S. flavipectoralis and  C. 

sordidus  respectively budgeted more time to foraging (58±1.s.e., 56±1.s.e.) with 

therefore less time spent roaming (36±1.s.e, 43±1.s.e.) at this study reef. 

 

Roaming time budgets of three key Scaridae species on three reefs of varying 

quality, July/August 2006, showing mean values ±1.s.e. (n=5) 

 
Foraging time budgets of three key Scaridae species on three reefs of varying 

quality, July/August 2006, showing mean values 1.s.e. (n=5) 
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C. bleekeri showed significantly higher time budgets assigned to roaming when 

compared to S. flavipectoralis and C. sordidus at the Sampela study reef 

(F2,14=27.85, p=0.00). Neither S. flavipectoralis nor C.sordidus showed any 

significant differences in time budgets at Buoy 3 of Kaledupa.     

 

Partitioning of food resouces  

Analysis of raw behaviour data revealed six different food resources utilised by the 

three chosen Scardiae species. Both S. flavipectoralis and C. sordidus utilised five 

different food items at Buoy 3 with sand the only resource not utilised by S 

.flavipectoralis at this study reef compared with C. sordidus which fed on all food 

items except dead coral (see Table). Both species utilised a reduced number of food 

resources at Sampela, with turf algae, macro algae and sand the only food resources 

utilised. C. bleekeri showed a reduced number of food items selected for at all three 

sites, with the species becoming progressively more selective from Buoy 3 where 

three food items where utilised through to Sampela where only turf algae was 

foraged  for. All three species however showed a preference for an algal diet with turf 

algae the dominant food resource selected at all three study reefs.       

 

 

Three key Scaridae species food type preference at all three sites, July/August 2006 

Food resource 
Scarus 

flavipectoralis 
Chlorurus 
Sordidus 

Chlourus 
bleekeri 

Turf Algea B3, K, S B3, K, S B3, K, S 
Macroalgae B3, K, S B3, K, S  

Sand S B3, S B3, K 
Plankton B3, K B3, K  

Live Coral B3 B3, K  
Dead coral B3 K  B3 

  
 

Discussion 
The higher frequency of Scaridae species and higher species diversity at seen at 

Kaledupa may be explained by the intermediate disturbance theory. This would 

suggest the favourable foraging conditions present at Sampela because of the 

increased abundance of the favoured food resource, may lead to greater interspecific 

competition so increasing aggressive, territorial behaviour. The high scleractinian 

coral cover and low turf algae composition present at Buoy 3 means species here 

need to express more generalist feeding behaviour so utilising more food resources. 

This may lead to reduced diversity because only generalist species can prosper here. 
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The intermediate conditions found at Kaledupa may mean that interspecific 

competition is reduced allowing both specialist and generalist species to coexist 

because of their different realised niches. The higher diversity seen at Kaledupa may 

also be due to the morphology of the reef. The reef wall here is a slope rather that a 

flat wall, so making more usable space and different microhabitats which can 

increase diversity at a site. 

 

All three species displayed behavioural plasticity in response to the gradient of 

adverse external pressures effecting each study reef. All three species showed 

plasticity in feeding preference, with more generalist feeding behaviours observed by 

all species at Buoy 3 and Kaledupa, with more specialised behaviour seen at 

Sampela where the choice food recourses is in the greatest concentrations. C. 

bleekeri displays a very refined realised niche at Sampela feeding exclusively on turf 

algae at Sampela but utilising three food resources at both Buoy 3 and Kaledupa. 

The size of the niche for this species seems to correlate with increased roaming 

budgets at Sampela, suggesting possibly more territorial behaviour. This species 

demonstrated faster feeding rates at this study reef (49.5 bites per min ±1.s.e.) 

compared with 33 bites per min ±1.s.e. at Buoy 3 and 38 bites per min ±1.s.e. at 

Kaledupa. This may be a further indication of increased interspecific competition at 

Sampela compared against the other two study reefs. The more generalist foraging 

behaviour correlates with increased time spent foraging at Buoy 3 by all three 

species, S. flavipectoralis, C. sordidus and C. bleekeri (58±1.s.e, 56±1.s.e, 42±1.s.e) 

with a decrease in roaming seen at Sampela (34±1.s.e, 45±1.s.e, 6.4±1.s.e) 

correlating with a reduction in food resources by all species.  

 

Initial analysis of raw data collected on bite scars on coral colonies on each study 

reef revealed very patchy distribution at each site. However the highest percent cover 

of bite scars was recorded at Kaledupa crest, which can be explained by the high 

frequency of Scaridae species recorded at that site. All colonies affected by bite 

scars belong to the Porites genus, which suggests significant preference for this type 

of coral. However Porites coral is the most abundant genus of live coral at each site, 

thus perhaps explaining the preference for this species. Further analysis of raw data 

may reveal how Scaridae species contribute to bierrosion on tropical coral reefs, and 

give an indication for their scope for behavioural plasticity when subjected to adverse 

external pressures. 
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3.2.7. Coral disease prevalence in Wakatobi Marine Park, South-East 
Sulawesi, Indonesia 

 

Benthic coverage at Sampela, Hoga Buoy 3, 
and Kaledupa 1 at 3m. July - August 2006.
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Buoy 3 has the highest scleratinian coral cover and relatively low soft coral cover, 

there is also approximately 25% coral rubble. Kaledupa has relatively low scleratinian 

coral cover, with the soft coral being more abundant. There is also approximately 

20% rock with encrusting algae. Sampela has the lowest scleratinian coral cover, 

with relatively low soft coral, but has more sand than the other two sites. 
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Figure 2. Percentage of disease present at 
Sampela, Buoy 3 and Kaledupa 1 at 3m. July - 

August 2006.
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The crest at each site has the highest percentage of disease.  The pigmented spot 

being the most abundant disease, followed by Green spot and white pox. 

 
 
Discussion 
Very basic initial analysis shows that there are distinct diseases present in the 

Wakatobi, but there appears to be no specific outbreak of one particular disease. 

Disease seems to be wide spread, but of a relatively low frequency. Without further 

analysis, it is impossible to draw any conclusions as to the cause, except that there 

may be a link between levels of predation and disease. With the idea being that 

predation compromises the coral and it is therefore weakened and prone to infection. 

Another factor to consider is the fact that increased human activity, such as nutrient 

enrichment also stresses the coral and makes them prone to infection. Increased 

nutrients also cause algae to over grow the corals, making predation more common. 

The highest percentage of disease was found on the crest of all three sites, with the 

exception of the flatworm that can be found on Tubastrea on the under side of ledges 

and over hangs. 

 

Porites massive seem to be the genera most heavily predated on and tend to be  

found grouped together. Further analysis will allow us to see if there is any 

correlation between the size/age of the coral colony and the levels of disease. Other 

genera such as Montipora also show a tendency for disease, this again can be 

confirmed and assumptions put forward after further statistical analysis. 
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Data related to the rate of spread through the colony will be analysed when 

completed. 

 

In conclusion the prevalence and severity of disease within the Wakatobi is relatively 

low, Porites massive is the genera most at risk and this is important as it is an 

important reef builder. 

 

 

3.2.8. The effect of Sedimentation on the species diversity of Bivalve 
molluscs and the size of Tridacna crocea 
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Species Diversity at Kaledupa
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A Bray Curtis multi-variant test for similarity was carried out to analyse the species 

diversity at each of the depths of the three sites. 

 

As a whole, species diversity is similar at 6m and 12m at each site, whereas species 

diversity at 3m is different. No specific population is significantly larger at any site, 

however the bivalve community at Pak Kasims is significantly different compared to 

those at Kaledupa 1 and Sampela which are similar. Sedimentation is significantly 
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different at Sampela than Pak Kasims but also at Kaledupa so it is hard to be sure 

whether sedimentation is related to species diversity at this early stage of analysis. 

 

Tridacna size 

The mean length of Tridacna crocea was largest at Pak Kasims (153.30mm), and 

smallest at Sampela (110.91mm). A Mann-Whitney test was used to examine the 

differences between the sites. The difference between Pak Kasims and Sampela is 

highly significant (P=0.0082). 
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Pak Kasims has the largest mean inhalant aperture diameter (36.86mm). Again, a 

Mann-Whitney test was carried out to examine the differences between the three 

sample sites. The difference in inhalant aperture diameters is highly significant 

between Pak Kasims and Kaledupa (P=0.0009). 

 

Finally, Sampela has the largest mean exhalent aperture diameter (15.67mm). 

Further analysis by performing a Mann-Whitney test shows that there are no 

significant differences between any of the sites regarding mean exhalent aperture. 

 

Sedimentation 

Sampela had the highest mean sedimentation rate compared to Pak Kasims and 

Kaledupa. 

Mean Rate of Sedimentation (mg/day) 
Sampela Pak Kasims Kaledupa 
30.452 9.813 9.777 

 

In Sampela, sedimentation rate was highest at 6m, whereas in Pak Kasims and 

Kaledupa, sedimentation rate was lowest at 6m. 
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Effect of Depth on Sedimentation Rate
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A One way Analysis of Variance (ANOVA) test was carried out in association with a 

Tukey’s a priori pair-wise comparison to examine the differences between the 

sedimentation rates at each site. 

 

The results of the test showed that there is a significant difference between Sampela 

and Kaledupa, and Sampela and Pak Kasims, but no significant difference between 

Pak Kasims and Kaledupa. 

 

The differences in sedimentation at each depth were also compared. 

The data sets at Sampela and Pak Kasims were both compared using one way 

ANOVAs whereas the data sets from Kaledupa were compared using a Kruskal-

Wallis non-parametric analysis due to their non-parametric nature. 

At all three sites, there was no significant difference between the rates of 

sedimentation at each depth. 

 

Light Intensity and Temperature 

Sampela has the highest mean light intensity (10276.65 Lux) compared to the Pak 

Kasims and Kaledupa 1 (6163.12 and 6523.50 Lux respectively). 
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Effect of Depth on Light Intensity
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A one-way ANOVA was carried out to compare the differences between the three 

sites. The ANOVA test showed that there was no significant difference between each 

of the sites. Further comparisons of light intensity between depths at each site are to 

be carried out using Mann-Whitney tests. 

 

A one-way ANOVA was used to compare the temperatures at each site and showed 

no significant differences between the sites. Further comparisons of temperature 

between depths at each site will also be carried out using Mann-Whitney tests. 

 

Discussion 
Species Diversity 

As stated before, sedimentation is significantly different at Sampela than Pak Kasims 

but also at Kaledupa and that it is hard to be sure whether sedimentation is related to 

species diversity. There may be other factors influencing this difference in species 

diversity at Kaledupa and Pak Kasims. These might include wave action, due o the 

fact that each reef faces a different direction and may be subjected to different forms 

of wave action. Disease, parasites and micro-organisms may play an important part 

in affecting diversity, as might the presence of heavy metals. Benthic differences on 

the reef might also play an important role as some bivalves prefer a different 

environment on which to anchor. This can be analysed from data previously 

collected. 

 

Tridacna Size 

It is interesting to see that the inhalant apertures are significantly greater in Pak 

Kasims than Kaledupa. Further research and analysis is required to determine if 
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there is a reason behind this fact. A possible reason could be behind the type of 

sediment or possibly the actual composition of the water itself at the different sites. 

 

Sedimentation 

Unlike previous research performed at Kaledupa 1, the sedimentation rate has 

increased compared to past years. A possible reason could be due to the fact that 

the mangroves that previously covered the shoreline close to Kaledupa 1 have 

recently been removed, thus increasing erosion of the shoreline and reducing the 

protection the mangroves provided from surface run-off. This will cause an increase 

in the potential entry of sediment into the reef ecosystem. However probably the 

major source of sediments is resuspension from the shallow benthic regions, 

particularly at this time of the year 

 

Light Intensity and Temperature 

It is unlikely that there would be a significant difference in temperature at each of the 

sites due to their close proximity to each other and the relative shelter provided by 

the islands of Hoga and Kaledupa. It seems unlikely that the site with the highest 

sedimentation rate would have the highest light intensity. This could be attributed to 

differing cloud cover when the readings were taken. Further readings are to be taken 

at these sites, attempting to take readings at times when the weather is similar. The 

best course of action would be to take readings at all three sites at the same time, 

however due to the lack of resources this has proved to be impossible. 

 

 

3.2.9. Grouper size, distribution and species composition in the Wakatobi 
National Park, Indonesia. 

 

Zonation in the No take Zone (NTZ) 

Preliminary results carried out have looked at zonation in particular at Buoy 3. Buoy 3 

represents the heart of the No take Zone, and holds a greater number and variety of 

all the species noted throughout. On the crest at Buoy 3, E. merra is the most 

frequently recorded species with E. cyanostigma being found almost exclusively on 

the crest. Black-tipped grouper (E. fasciatus) and  leopard grouper (C. leopardus) are 

the most commonly encountered groupers on the slope in particular. Buoy 3 holds 14 

of the 17 species encountered at all three sites with the Tomato Grouper (C. 
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sonnerati), Cloudy Grouper (E. erythrurus) and the White-streaked Grouper (E. 

ongus) being the only species absent as shown by fig. 2. 
 
Abundance of each species found at buoy 3 on the crest, upper slope and lower slope reef zones 
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Reef flats at the No Take Zone (NTZ) exhibited the highest levels of grouper 

abundance. Honey-comb grouper (E. merra) show extremely high association with 

the reef flats. E. merra were often the only species recorded when other species 

were absent. 
 
Fig.2 – abundance of each grouper species at buoy 3 on the reef flat 
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The Peacock Grouper (C. argus) also displayed significant numbers on the flat with 

the C. leopardus, E. fasciatus and the flagtail grouper (C. urodeta) being the only 

other species present as shown by fig. 3. Analysis of distribution at the other sites still 

to be analysed. 
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Size distribution 

Initial size distribution analysis has been focused on Peacock Grouper (C. argus) due 

to its prevalence in most zones at all of the sites. Members of this particular species 

achieved much greater sizes on the reef slopes than of the No take Zone and just 

outside at buoy 4 in particular, as displayed in fig. 3. 
 
Fig. 3 – Size distribution of C. argus in each reef zone at all four sites. 
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Individuals of C. argus generally attain higher sizes on the slopes at all three sites 

except Sampela, where members achieve greater sizes at the crest but are 

completely absent from the flats. C. argus at Kaledupa 1 achieved often similar sizes 

on the flats as on the slope, but with much greater variation. Further analysis will be 

conducted upon all species zonation and abundance at each site. 

 

Discussion 
In terms of number of species exhibited at Buoy 3, there is a good illustration of the 

effectiveness of the NTZ. As mentioned in the previous section, the most common 

species E. merra  often dominates the reef flats, especially at Buoy 3. The 

prevalence of this species on the flats may be due to its fit into an ecological niche.  

 

Many juveniles of other grouper species also use the reef flats as nursery grounds 

and migrate further down the slope with increased size. With the lack of competition 

from larger relatives may cause this particularly small member of Serranidae to 

flourish in an otherwise unexploited niche. Alternatively its preferred habitat could be 

the reef flat. Reef flats often have less coral cover than slopes, leaving patchy areas 

of sand. Being a cryptic species (speckled light to dark brown) E. merra could well 

exploit the more open reef environment better than other species. It is however hard 
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to explain many trends without the analysis of further data. Groupers naturally have 

quite a patchy distribution. This distribution is determined by the zonation of 

resources such as prey or competition aswell as external pressures. Blast fishing is 

especially prevalent in the Indo-Pacific, which destroys small areas of reef and is 

heavily non-specific. This in turn furthers the fragmented distribution of apex 

predators such as groupers.  

 

The absence of other species other than E. merra may also signify the sensitivity of 

Serranidae to fishing pressures. The absence if C. argus on the flat at Sampela is 

perhaps a consequence of heavy fishing at this impacted site. C. argus are a high 

profile fishing target owing to the substantial size that they grow to. The resilience of 

E. merra and the fact that they still prevail even on Sampela flats may be due to the 

fact they have less vulnerable life histories i.e. faster reproduction, recruitment or 

growth rates, however it is also likely they are low profile fishing targets due to their 

smaller size. 

 

The size of most groupers increased down the slopes, as is shown by fig.3 in relation 

to C. argus. The reef flat is used by many species as a nursery grounds due to lower 

numbers of large predators. Juvenile species of groupers are seen frequently on the 

reef flats, and the increasing size of Groupers down the reef slopes may be owing to 

the development stage – adults maturing and moving to deeper habitats where 

territories may be set up and greater roaming for prey established. 
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3.2.10. Disease and Corallivore activity within the Northern Wakatobi  
 

The following images were taken and they illustrate the diseases – infections types: 
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The results show that distinctive diseases are existent  in the Wakatobi Marine Park, 

but there is no real disease outbreak. The disease levels observed is most probably 

close to natural. However, no precise data exists on the possible natural level of 

disease on a coral reef. 

 

A possible outbreak of Acanthaster planci were recorded between 16 and the 22 

August at Kaledupa Double spur, between crest and slope (depths between 5 and 

10mt). However this may just be an aggregation of existing starfish rather than a true 

outbreak and the sites should be re-examined in detailed annually to obtain an 

understanding of the dynamics of the system. 

 

Discussion 
Corals are beset by a host organisms that feed on them. The most prominent is the 

crown of thorns starfish notorious for its capacity to multiply to plague numbers which 

decimate large areas of reef. On most reef the crown of thorns avoid large massive 

corals and thus large colonies usually survive attacks. What triggers off the outbreaks 

of the starfish and its frequency is far from certain.  It appears that increases number 
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of crown of thorns larvae have been correlated with rainfall and increases of nutrients 

from rivers during floods. Human impacts might have increased the problem by 

collecting  shells, several of which are natural predators of the starfish  and also by 

increasing the survival of the larvae by adding nutrients to rivers and hence reef  

waters through clearing forests and fertilizing crops. 

 

Several other organisms may cause destructive outbreaks on reefs and the most 

notable is the gastropod Drupella  which has caused extensive damage  to reef of the 

Western Pacific. Boring organisms may also have a long-term effect on some coral 

communities. Other predators are obviously fish  many of which have teeth adapted 

to biting off corals and then crushing pieces of corals or scraping polyps. 

 

Little is known about coral diseases and limited surveys have been carried out within 

Eastern Indonesia – the data can therefore be considered a base-line. . Coral 

bleaching is the most common but this is not to say that the bleaching is thermal 

induced rather than just natural mortality – further studies are required. 

Environmental factors would be helpful to include in the research as some diseases 

in the Caribbean have been associated to high rates of sedimentation and 

eutrophication. 

 

 

3.2.11. The importance of Coral Colonies in supporting Coral Reef Fish 
populations. 
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This first figure compares the mean fish abundance between different sites, depth 

levels and coral species. At Kaladupa there were more fish, using both coral species, 

at 12m rather than 6m. Here there are more fish using Acropora coral than 

Pocillopora at both depth levels. At Pak Kasims again there were more fish 

associated with both corals at 12m. There were also more fish using Acropora at 

12m than Pocillopora, but at 6m there are more fish using Pocillopora.  

 

At Sampela, there are more fish associated with both corals at 6m. There were also 

more fish associated with Acropora than Pocillopora at both depths. At Buoy 3, there 

were more fish associated with Acropora and Tubastraea at 12m than at 6m, but for 

Pocillopora there are more fish at 6m than at 12m. Acropora coral held more fish at 

both depths with Pocillopora 2nd at 6m and Tubastraea 2nd at 12m.  

 

The second figure compares the mean fish diversity between sites, depth levels and 

coral species. At Kaladupa there is more fish diversity at Acropora coral at both depth 

levels. At Pak Kasims there is more diversity at 6m on the Acropora coral where as at 

12m the more diversity occurs on the Pocillopora coral. At Sampela the most 

diversity is at 6m for both coral species. Acropora held the highest fish diversity at 

both depths when compared to Pocillopora.  
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At Buoy 3 there is more diversity at 12m for Acropora and Tubastraea but for 

Pocillopora there is more diversity at 6m. Acropora again has the most diversity at 

both levels with Tubastraea 2nd.  

 

Discussion 
This study demonstrated the importance of coral colonies in harbouring fish species. 

Fish were able to exist in there different “zones” within, above and below the colony. 

Further study of the data is needed to obtain the relationship between the 

morphology of coral colonies and the number of fish species. Also the relative 

importance of the colonies in overall reef fish diversity will be determined by 

examining the relative abundance of these coral species and the number of species 

they hold as compared to the total reef diversity. Data was collected examining 

permanence vs transience, it would appear that smaller fish species (damsels, and 

Chromis as well as Anthias, tend to be permanent whilst larger species such as 

grouper, some wrasse and Sweetlips, tend to use the Acropora corals as refuge. The 

study demonstrated the importance of these coral genera in sculpturing reef fish 

community diversity. 

 

3.2.12. The ecology and diversity of intertidal patch reefs (coral 
bombies): spatial and temporal variations in fish communities 
and the influence of reef quality on community diversity 
 

3.2.12.1. Investigation into the habitat characteristics which 

determine the abundance of resident and transient fish 

populations on reef flat coral bombies 

 

Objective 1: This objective’s focus was to assess the stability of the fish community 

assemblages over a sample period of 9 days. Paired t-tests showed no statistical 

difference between either numbers of resident or transient species between the 

different repeats. Analyses also showed that populations found to be resident from 

the first survey were likely to remain so in the subsequent surveys. This confirms that 

the communities are stable over time, and that there is a significant difference 

between resident and transient fish. Similarity values from multivariate statistical tests 

(using PRIMER) between the family abundances from the three surveys for a 

selection of bombies is given in the following table. 
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Similarity values for the % presence of each fish family found between the 3 surveys on three bombies.  
 

 1 to 2 1 to 3 2 to 3 
Bombie 18 64% 70% 81% 
Bombie 19 83% 82% 82% 
Bombie 20 71% 66% 70% 
 

1 to 2 on Bombie 18, 64% means that there is 64% similarity between the presence 

of each family over the 5 day period between surveys 1 and 2. The greatest 

difference between repeats on bombie 18 is between repeats 1 and 2. Bombie 19 

shows consistent changes over the surveying period, and bombie 20 suggests that 

the greatest difference is between survey 1 and 3.  

 

From this small sample, we can see that over time, the same families are likely to 

remain present on the bombie for consistent periods of time. In other words, families 

which are resident during the first survey are likely to still be so at later surveys. 

There is therefore little change over time. 
 
Results of paired t-tests between the total numbers of resident and transient species for all 13 bombies analysed  
  T-value P-value 
Residents survey 1 Residents survey 2 0.16 0.877 
Residents survey 1 Residents survey 3 0.38 0.711 
Transients survey 1 Transients survey 2 0.30 0.772 
Transients survey 1 Transients survey 3 1.50 0.161 
 

There is no statistical difference between the total numbers of resident species at 

each repeat, nor is there a difference in the numbers of transient species.  

 

Objective 2: This objective addresses the tidal effects on fish populations.  The first 

thing to note is the difference between the total number of species present at low and 

high tide (matched pairs t-test, T = 2.18,  n = 45,  p = 0.034). Results also show the 

numbers of resident and transient species to differently affected by tidal variation. As 

expected, there is no difference in the number of resident species at high and low 

tide (matched pairs t-test, T = 0.47,  n = 45,  p = 0.643), whereas the number of 

transient species does differ significantly (matched pairs t-test, T = 2.45,  n = 45,  p = 

0.018). The mean number of transient species at high tide is 4.133 (StDev 2.519), 

whereas for transient species is 3.378 (StDev 2.081). 

 

This distinction between the two types of populations can be related to the nature of 

the transient populations. The fish families which tend towards being transient are 

often larger than resident ones. The transient species appear to have retreated back 
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onto the flat from the main crest during high tides, in search for food. As the bombies 

become more exposed at lower tides, they will retreat back to the crest.  

Those species found to be consistently resident over the nine day period (objective 

1), were unaffected by tidal variations, as expected.  

 

Further research into the differences in emperor (in particular of Thumbprint 

Emperors, Lethrinus harak) abundance would be interesting, as these fish tend to be 

found mainly in seagrass beds at high tide. Their abundance would therefore be 

expected to increase at lower tides when the seagrass becomes exposed.  

 

Objective 3: This will examine the relationship between fish diversity and abundance 

at high tide, focusing on families. The boundary between resident and transient fish 

has been set at 75%. To be resident, a taxa must be present on the bombie for more 

than 75% of the 22 mins recording time.  

 

As explained above, habitat complexity will be considered at several scales. The 

most general of these being area. Bombie area has been found to correlate positively 

with the overall number of individuals present (sum over 22 mins) (Pearson 

correlation 0.289, P: 0.025), but more strongly with the number of resident taxa 

(Pearson correlation 0.324, P: 0.012. See figure 2).  However, there is no significant 

correlation between the number of taxa and area (Pearson correlation 0.239, P: 

0.066), although this is a much more significant correlation than is found between the 

number of transient taxa and area (Pearson correlation 0.082, P: 0.535). Area is 

therefore an important factor in determining the number of resident species, though 

not transients.  

 

Bombies symbolise ‘islands’ for resident species, though not for transient ones. This 

species-area relationship therefore conforms to island biogeography theory which 

states that larger areas support greater biodiversity. The insignificant relationship 

with transient taxa indicates that for these species, bombies cannot be described as 

‘islands’. To be a true ‘island’, all the fish’s resources must be contained within the 

area. In this case, the species-area relationship is found between species for which 

the bombie is an ‘island’. The bombie’s limited resources determine the number of 

resident species which can coexist. Transient species on the other hand are not 

restricted by these limited resources as they derive their resources from many other 

areas, besides the single bombie on which they were observed in this study. 
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The significantly positive correlation between number of resident taxa and bombie area. 

 
 

Looking more closely at the habitat structure itself, overall bombie complexity can be 

quantified in terms of rugosity. This variable correlates more strongly with the number 

of taxa, individuals and resident taxa. Again however, rugosity is not correlated with 

the number of transient species. (See first table for Pearson correlation values and P-

values.) 

 
Pearson correlation values and P-values between bombie rugosity and several response variables. 

 Number of taxa Total number of 
individuals 

Number of 
resident taxa 

Number of 
transient taxa 

Pearson correlation  0.322 0.320 0.196 0.348 
P-value 0.014 0.015 0.145 0.008 
 

Looking more specifically at the life forms making up the bombies, significantly 

positive relationships have been found between the number of individuals and the 

different number of life forms making up the bombie (Pearson correlation 0.362, P: 

0.005); and the number of life forms and number of resident taxa (Pearson 

correlation 0.289, P: 0.025).  
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The different influence of habitat characteristics on the fish communities can be 

related to the resources derived by the two groups from the bombie. Transient 

species tend to be opportunistic feeders which usually inhabit the crest. They 

therefore use the bombies for feeding. On the other hand, all aspects of the 

residents’ behaviour must be correlated with the bombie characteristics. Shelter, for 

instance, will be an important factor determining the survival of resident species. 

Increased rugosity implies greater variation in habitat complexity, and hence a habitat 

able to support greater fish diversities. 

 

Discussion 
Resident species have been shown to be much more significantly affected by their 

habitat. They are most dependent on the bombies. If the reef flat bombie habitat were 

to be degraded, these fish populations would therefore be the most vulnerable. 

However, the large numbers of transient fish found on the bombies also reflects their 

importance as possible food sources. Although transient species are not as reliant 

upon the bombies as resident species, their populations are likely to be highly 

disrupted by degradation of the habitat. Consequently coral bombies have high 

conservation status due to their utilisation by species from a wide geographical area. 

Management procedures should consider these important habitat types. 
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3.2.12.2. Juvenile Utilization of the Intertidal Coral Habitat 

 

 

Three species from the Nemipteridae family where studied S. bilineatus, S. lineatus 

and S. trilineatus.  Their use of the 4 study sites as juvenile habitats showed 2 

different patterns; the mean sizes of both S. lineatus and S. trilineatus did not support 

the notion of juvenile utilization of any of the 4 sites except the fringing 

seagrass/bombie habitat at low tide, with mean sizes of 8.031cm and 7.819cm 

respectively.  At all other sites and at both tides the mean size classes were greater 

than the maximum juvenile size of 8.3cm (see following figures).  S. bilineatus 

displayed a very different pattern of use of the intertidal area with juveniles present at 

all sites at both tides with the exception of the reef crest at low tide where its mean 

size class was 14cm, exceeding the maximum 12.7cm for juveniles.  Juveniles were 

larger at high tide (see figure 3). 

 
Figure 1: Mean Size Class Distribution   

  
Figure 2: Mean Size Class Distribution 

 
Figure 3: Mean Size Class Distribution 
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B. undulatas was the selected species from the Balistidae family.  Juveniles used 3 

of the 4 study sites.  Utilization of the bombie habitat 60m from the crest and the reef 

flat at both tides with mean size classes of 9.66cm high tide and 9.5cm low tide for 

the bombie area and 9.44cm high tide 9.28 low tide for the reef flat.  The fringing sea 

grass habitat also provided a juvenile habitat tidally with a mean size class of 8.42cm 

(see figure 4). 

 

Figure 4: Mean Size Class Distribution 

 
 

Two species from the Mullidae family were studied, P. barberinus and P. 

multifaciatus.  Juveniles of the two species used 3 of the 4 habitats with mean size 

classes within the defined juvenile limits (20cm for P. barberinus and 10cm for P. 

multifaciatus) for the fringing segrass/bombie area, the bombie habitat and the reef 

flat for both high and low tides (see figure 5 & 6).  At the reef crest both species 

displayed mean sizes exceeding juvenile maximum lengths for both tides.  One 

noticeable difference between the two species is the influence of tidal height.  P. 

barberinus juveniles were of similar sizes at both tides in the two shoreward habitats 

but noticeably larger at low tide on the reef flat.  P. multifaciatus however showed the 

mean size class to be larger at high tide across the study sites increasing in size with 
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decreasing distance from the crest, the opposite trend was displayed at low tide with 

smaller individuals remaining at sites close to the crest (see figures 5 & 6).   

 

Figure 5: Mean Size Class Distribution 

 
 

Figure 6: Mean Size Class Distribution 

 
 

From the Lethridae family, L. harak was selected for study.  Two of the four sites 

studied showed mean size classes within the juvenile limits (16cm) at both tides, the 

fringing seagrass/bombie area and the bombie habitat, with juveniles being larger at 

high tide in the shoreward most site (see figure 7).  A third site was also used by 

juveniles, the reef flat, with a mean size of 14.39cm at low tide, however at high tide 

the mean size class of the population increased to 18.5cm denoting that this is not a 

constant juvenile habitat.  The mean size of individuals at the reef crest was, for both 

high and low tide, greater than the juvenile maximum length at 21.5cm and 18.58cm 

respectively. 
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Figure 7: Mean Size Class Distribution 

 
 

From the Grouper family, E. merra was selected for study.  Of the 4 sites studied, 

only one was used continuously over both tides by juveniles and that was the reef flat 

with a mean size class of 9.99cm at high and 10.01cm at low tide (see figure 8).  For 

all other sites the mean size class exceeded the maximum juvenile length. 

 

Figure 8: Mean Size Class Distribution 

 
 

Two species of Labridae were studied, T. hardwicke and C. ancherago.  Both 

species showed a general trend of increasing size with distance from the shore at 

both tides with the largest individuals present at the reef crest (see figures 9 & 10).  

The mean size classes of T. hardwicke are higher at low tide in all habitats with the 

exception of the fringing seagrass/bombie area which is indicated as a juvenile area 

with mean sizes at both high and low tide within juvenile maximum lengths, 5.5cm 

and 4.5cm respectively.  The other 3 study sites show mean size classes exceeding 

the maximum juvenile length of 6.3cm.  Mean size classes of C. ancherago highlights 

the bombie habitat at 60m from the crest as a juvenile area as well as the fringing 

sea grass area (see figure 10).  At all other sites and for both tides the mean size 

class of C. ancherago is within adult length sizes. 
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Figure 9: Mean Size Class Distribution 

 
 

 

Figure 10: Mean Size Class Distribution 

 
 

Three species were studied for the Scaridae family C bleeken, C Sordidus and C 

dimidiatus.  Juveniles of all three species used the 3 sites away from the reef crest.  

C bleeken used the 2 sites closest to the crest at both tides, with evidence of tidal 

influence on mean size of the individuals (see figure 11), for the site closest to the 

shore, juveniles of this species only used this area at high tide.  The mean size class 

of C. sordidus also  showed tidal influence in the three sites and this was carried on 

to the crest itself at high tide with the mean size class being within the juvenile 

maximum length(see figure 12).  C  dimidiatus showed tidal influence across all 3 of 

the sites away from the crest with juveniles using the 2 shoreward habitats only at 

low tide and the reef flat only at high tide(see figure 13). 
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Figure 11: Mean Size Class Distribution   

 

 
 

Figure 12: Mean Size Class Distribution 

 
 

Figure13: Mean Size Class Distribution 
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Inter-habitat Fish Movements and Habitat Utilization 

 

Of the 40 individuals followed there are some general conclusions that can be drawn.  

Firstly the home range of the individual generally increased with size across the 4 

species monitored L harak, P barberinus, C ancherago and C sordidus.   

 

As well as distance another observation made, was that of movement between 

habitats and feeding behaviour:  L harak only fed whilst in the sea grass beds true of 

all individuals followed independent of size.   C ancherago displayed differences in 

feeding habits in terms of habitat preference related to size.  The smaller individuals 

restricted there home range to the bombie area for feeding (on sandy rubble areas 

close to bombies) and only occasionally visiting the reef flat and crest, although not 

feeding when there.  The larger of this species fed in all habitats it visited.  C 

sordidus showed differences in feeding habits also and were related to size of the 

individual rather than habitat.  Larger individuals followed tended to roam more and 

displayed more diffuse feeding whereas smaller individuals restricted their home 

range and focus fed more often than diffuse feeding.  Of the 4 species followed, C 

sordidus was the only species that fed directly on the bombies, all other species were 

transient with no contact with the bombies other than to hide occasionally or to be 

cleaned. 

  

Discussion  
The coral bombie habitat has value as a juvenile habitat.  There does not appear to 

be a universal pattern in which fish utilize this intertidal area, moreover patterns 

transcend family groups also.  Each species studied in this project demonstrated 

different uses of the area although some general trends were found.  There appears 

to be 4 general patterns of utilization.  

  

The first is that one or more sites are used by juveniles with no tidal influence on 

mean size of the population or on temporal use of the habitat.  In this category C. 

anchorago and E. merra fall.   

 

The second is that one or more sites are used with no tidal influence on the mean 

size of the population and that the juvenile area is extended with another 

neighbouring one being used tidally and this is applicable to L. harak and B. 

undulates.   
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The third pattern discern was that in one or more sites used by juveniles, the mean 

size class was influenced by tidal height, although always remaining within the 

maximum juvenile limits, this was displayed by P. barberinus, P. multifasciatus, T. 

hardwicke and C. sordidus.   

 

The fourth pattern was that juveniles used one or more sites only at particular tides 

and in this group was S. trilineatus, S. lineatus, S dimidiatus and S. bilineatus. 

 

These patterns are identified in accordance to the influence of tidal movement, one of 

the aims of this project.  Within each defined pattern individual species do show 

differences in terms of size class structure correlated to distance from the reef in so 

far as not all species conform to the increased size structure with increased distance 

from the shore.  Indeed some species show decreased size with distance from the 

shore.  This demonstrates that while distance from the reef crest may be an 

important factor in determining the utilization of particular areas by juveniles in terms 

of refuge, there are other factors that contribute to the spatial distribution of juveniles 

in the intertidal coral habitat.  Such factors may be the relative importance of habitat 

structure and area per se in influencing settlement.  Moreover, the behavioural 

monitoring of fish between habitats leans to suggesting that much of the movements 

of individuals are driven by ontogenic means. 

 

3.2.12.3. Fish Population Structure on Coral Bombies on the Reef 

Flats 

 

Structural Complexity leads to a more diverse fish population. 

 

Figure 2: Scatter plot to show the relationship between the number fish per bombie 

and the rugosity of the bombies at 50m form the Reef Crest. 
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Pearson correlation of Rugosity and Number of fish = 0.377 P-Value = 0.040.  A 

significant positive correlation is shown between the number of fish families and the 

rugosity of the bombies.  This is an important result as it shows that if the bombie is 

more rugose, i.e. it has higher structural complexity, the more shelter it will provide 

for a diverse fish population to be able to live in. 

 

Figure 3: Scatter plot showing the relationship between the number of fish families 

and the number of coral genera found on bombies 50m from the reef crest. 
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Pearson correlation of Number of Coral Genera and Number of Fish Families = -

0.392  P-Value = 0.032.  There is a significant negative correlation between the 

number of fish families and the total number of coral genera found on bombies 50m 
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from the reef crest. So the number of coral genera does not affect the diversity of the 

fish population. 

 

As there are so many variables to consider when analyzing the results some of the 

bombies were grouped together (in size groups) to reduce the affect of the size 

variation as a variable. 

 

Figure 4: Scatter plot showing the relationship between the number of fish families 

and the number of coral genera found on bombies whose longest axis is between 1m 

and 1.5m. 

 

 
 

Pearson correlation of Number of Coral Genera and Number of Fish Families = -

0.623  P-Value = 0.031.  A negative correlation still exists between the number of 

coral genera and the number of fish families, thus showing again that the number 

coral genera does not affect the diversity of the fish population on the bombie 
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Figure 5:  Percentage coral cover, of different coral genera, on coral bombies at 50m 

and 100m from the reef crest. 

 

 
 

There is a more diverse coral covering of the bombies at 100m from the reef crest 

than at 50m from the reef crest.  Again the large number of variables that exist when 

looking at the bombie area may mean that this can be attributed to, for example the 

difference in size of the bombies further away from the reef crest.   

 

Figure 6: Percentage of Fish Families Present on 30 Bombies Studied at both 50m 

and 100m from the Reef Crest 

 
 

This graph shows that there are a greater number of fish families present at 50m 

from the reef crest.  There is also a higher number of fish present per family at 50m 

from the crest. 

 



 178

Discussion 
From the results obtained from this study, a few conclusions can be drawn.  The 

main conclusions being that an increase in rugosity will increase fish population 

diversity, although numbers of coral genera does not.  Also that with increased 

distance from the reef crest the coral diversity does increase however fish diversity 

does. 

 

Were rugosity and fish populations are concerned, this relationship can be explained 

by the fact that if a bombie has more cracks and crevices for fish to use as shelter, 

either from larger predators or from strong currents for example, more fish will be 

present on that bombie.  Also transient fish are more likely to use the bombie for 

shelter if as they are swimming passed they can see a space of refuge. 

 

With reference to the distance from the reef crest affecting coral and fish diversity, 

the results obtained appear to be rather mixed, with an increase in coral diversity but 

not in fish diversity.  However as already investigated coral genera do not seem to 

affect the fish populations therefore there must be other factors that are decreasing 

the fish populations further from the crest.  These could involve the physical distance 

which the fish have to travel to get away from the crest for little or no benefit to them.  

Also the differing sizes of the bombies throughout the bombie habitat, it may be may 

be that further away from the reef crest the bombies generally get smaller thus being 

less able to support large numbers of fish.  

 

 

3.2.12.4. Analysis of nested subsets of Pomacentridae species 

assemblages on coral bombies 

 

 

Nestedness was assessed using presence-absence data which can be presented in 

the form of a matrix of species by sites; where 0 equals absences and 1 indicates 

species presence at a particular site. 

 

Nestedness was measured quantitatively using metric “C” proposed by Wright and 

Reeves (1992) of which the details are explained in their paper. C is a 

standardization of Nc which counts the number of times that a species’ presence at a 

site correctly predicts its presence at equally rich or richer sites and sums this across 

sites and species. It also equals the sum of the number of species shared over all 
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pair of sites. C measures the relative degree of nestedness that is not influenced by 

matrix size and equals 0 if nestedness does not differ from expectation i.e. complete 

independence of species and 1 when perfect nestedness is exhibited. Small negative 

values of C are also possible and indicate that the matrix is less nested than random 

expectation.  This was calculated using the “Nestedness BASIC computer 

programme” requested from the authors (Wright and Reeves, 1992).  

 

When inputting 100 samples into Wright and Reeves (1992) program, an C-index 

value of 1 was found, indicating perfect nestedness. This is somewhat questionable 

particularly as McLain and Pratt (1999) found a C-index value (which they refer to as 

In) of 0.479, which seems more realistic. Clearly further analysis into this value is 

required to determine the significance of this value (using Cochran’s Q). It is unlikely 

that this value will be the final but in the context of this report, nestedness has been 

established for Pomacentridae species assemblages on coral bombies at Hoga 

Home Reef. 

 

 
 

Given limited time on site the area of each bombie could not be accurately calculated 

as the necessary programme was not available. Thus the longest axis of coral 

bombie was correlated with species richness to provide a representative ‘species-

area relationship’. Fig 3 shows a relatively strong positive correlation between  

longest axis of coral bombie and species richness, of which is significant. 
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Fig 4 and 5 illustrate no correlation between species richness and percentage cover 

of both branching and submassive coral. This supports the findings that 

Pomacentridae species assemblages are non random and are not affected by habitat 

structure and complexity. 

 

 

Discussion  
The findings from Wright and Reeves’ (1992) ‘Nestedness BASIC programme’ 

support the idea that nested patterns are present in Pomacentridae species. Given 

the somewhat questionable result as perfect nestedness is unlikely in any system, 

further analysis is required to determine the significance of this result (Cochran’s Q 

will test the significance of the C-value). Other indices of nestedness will also be 

explored and compared with Wright and Reeves’ Nc index to determine the reliability 

as a measure of nestedness. Despite this, the lack of correlation between species 

richness and percentage cover of branching and submassive coral supports the idea 

that Pomacentridae species assemblages are nonrandom. Thus while the C-value 

may seem an overestimation, these results increases the level of confidence in these 

findings. However, an investigation into the relationship between coral growth form 

diversity and species richness may bring about more positive correlations and 

possibly alter this finding. 

 

Given time limitations, the data collected to determine the influence of isolation on 

patterns of nestedness has not been analysed. A nearest neighbour analysis will be 
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performed to determine the extent of clustering along the transect and give insight to 

the level of connectivity between coral bombies. Hopefully the nearest neighbour 

analysis will show clusters of bombies along the transect, which can then be 

combined to form several larger ‘islands’. With this data, the influence of scale on 

nestedness and the implications this has for beta diversity could be explored. 

 

The findings suggest that the species-area hypothesis holds in this system and thus 

has great implications for conservation strategy particularly in the context of the 

SLOSS debate. However, while presence of nestedness infers that few single large 

reserves will maximize species diversity as larger areas will include the rarer species, 

it is questionable as to how well island biogeography concepts hold in marine 

systems. This is due to high levels of connectivity between sites as in effect, sites are 

not truly isolated. Recent literature has suggested a different concept which seems 

more applicable to the marine environment know as the ‘string of pearls’ theory. This 

assumes that if connectivity has been established between a series of several small 

sites along a fringing reef, conserving each small patch along that series will 

effectively conserve the whole area. This strategy seems a much more beneficial 

application to marine environments as well as appearing more cost efficient. 

 

3.2.13. Physiological adaptations of selected intertidal fishes 
and sea kraits, and a preliminary assessment of Asian 
water monitor population on Hoga Island. 

 
Topic 1: Oxygen Tolerance of Air-breathing Fishes of the Indo-Pacific 
 
Rockskippers showed a higher tolerance to low oxygen levels than mudskippers.  No 

differences were found in oxygen tolerance between species within families.  

Differences between families reflect physiological adaptations to differences in the 

animals’ environment. 

 

Table 1.- Oxygen depletion trials for mudskippers and rockskippers. 
Fish 
ID Species Sample 

Escape 
Response LOE (mg/L O2) Correction O2 Weight (g) Length (cm) 

      (mg/L O2) YSI Winkler Factor (mg/L)     
001 ER 1 1.13 0.46 0.4 1.015 0.406 9.65 8.323 
006 ER 2 0.47 . 0.2 1.015 0.203 18.55 10.034 
013 ER 3 1.13 . 0.52 1.015 0.5278 22.02 11.178 
022 ER 4 0.68 . 0.4 1.015 0.406 1.06 4.219 
029 ER 5 2.03 . 0.6 1.015 0.609 0.93 4.164 
030 ER 6 1.9 0.46 0.75 1.015 0.76125 1.07 4.16 
031 ER 7 0.62 . 0.55 1.015 0.55825 0.83 4.195 
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032 ER 8 0.61 . 0.5 1.015 0.5075 0.95 4.524 
033 ER 9 0.54 . 0.55 1.015 0.55825 0.28 3.073 
034 ER 10 0.52 . 0.35 1.015 0.35525 1.02 4.652 
035 ER 11 0.62 . 0.35 1.015 0.35525 0.78 4.09 
036 ER 12 0.53 . 0.3 1.015 0.3045 0.44 2.766 
037 ER 13 0.56 . 0.45 1.015 0.45675 0.62 3.523 
038 ER 14 0.58 . 0.55 1.015 0.55825 0.92 4.173 
039 ER 15 0.55 . 0.5 1.015 0.5075 0.84 4.137 
040 ER 16 0.54 . 0.4 1.015 0.406 0.86 3.757 
041 ER 17 0.59 . 0.45 1.015 0.45675 0.94 4.125 
  mean 0.8 0.46 0.46 1.015 0.4669 3.632941 5.00547059 
  sd 0.478539445 0 0.128258 2.29E-16 0.130181 6.651786 2.41109296 
          
024 LR 1 0.43 . 0.3 1.015 0.3045 1.47 5.063 
043 LR 2 1.24 . 0.5 1.02 0.51 2.67 5.5499 
044 LR 3 1.3 . 0.6 1.02 0.612 0.36 2.8829 
046 LR 4 0.54 . 0.85 1.02 0.867 0.19 2.41046 
047 LR 5 0.74 . 0.65 1.02 0.663 0.49 3.12166 
055 LR 6 1.68 . 0.35 1.02 0.357 4.59 7.12216 
056 LR 7 3.06 . 0.45 1.02 0.459 1.15 4.69646 
057 LR 8 3.32 . 0.35 1.02 0.357 2.58 5.7023 
058 LR 9 0.96 . 0.25 1.02 0.255 1.38 4.7371 
059 LR 10 1.62 . 0.4 1.02 0.408 9.61 8.81634 
065 LR 11 . . 0.35 1.02 0.357 0.57 3.78206 
067 LR 12 1.11 . 0.5 1.02 0.51 0.67 3.90652 
069 LR 13 1.22 . 0.45 1.02 0.459 0.44 3.59156 
073 LR 14 0.66 . 0.55 1.02 0.561 0.55 3.6576 
077 LR 15 0.6 . 0.5 1.02 0.51 0.36 3.1115 
  mean 1.32  0.47 1.019667 0.4793 1.805333 4.54343467 
  sd 0.882679487  0.153297 0.001291 0.156482 2.47141 1.72480461 
          
004 PA 1 1.9 0.46 0.4 1.015 0.406 3.42 6.23 
021 PA 2 1.28 . 0.65 1.015 0.65975 1.74 5.059 
042 PA 3 1.91 0.44 1.05 1.02 1.071 2.54 5.52704 
045 PA 4 1.83 0.36 0.9 1.02 0.918 2.31 5.64896 
048 PA 5 0.77 0.42 0.7 1.02 0.714 2 5.53974 
049 PA 6 1.04 0.38 0.75 1.02 0.765 2.13 5.47116 
050 PA 7 0.82 0.41 0.7 1.02 0.714 2.02 5.5118 
051 PA 8 0.8 0.39 0.7 1.02 0.714 1.96 5.55752 
052 PA 9 0.69 0.4 0.6 1.02 0.612 2.34 5.83692 
053 PA 10 1.05 0.44 0.8 1.02 0.816 1.8 5.6388 
061 PA 11 1.25 0.6 0.6 1.02 0.612 3.75 6.13918 
063 PA 12 . 0.39 0.73 1.02 0.7446 3.39 8.9662 
064 PA 13 1.25 0.42 0.65 1.02 0.663 3.75 5.95884 
068 PA 14 1.73 . 0.5 1.02 0.51 1.63 5.59308 
070 PA 15 1.94 . 0.6 1.02 0.612 3.57 6.48208 
071 PA 16 1.85 . 0.65 1.02 0.663 2.35 5.79628 
  mean 1.340666667 0.425833 0.68625 1.019375 0.699647 2.54375 5.9347875 
  sd 0.474649746 0.061712 0.150638 0.001708 0.153958 0.761445 0.87783265 
          
002 PK 1 1.2 0.49 0.55 1.015 0.55825 1.38 4.688 
003 PK 2 0.68 0.46 0.45 1.015 0.45675 1.85 5.204 
007 PK 3 1.82 0.44 0.6 1.015 0.609 2.57 5.502 
008 PK 4 1.16 0.44 0.6 1.015 0.609 4.42 7.019 
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009 PK 5 1.82 0.44 0.45 1.015 0.45675 1.55 4.962 
010 PK 6 0.57 0.43 0.55 1.015 0.55825 3.81 6.786 
011 PK 7 0.85 . 0.9 1.015 0.9135 2.1 6.021 
014 PK 8 0.6 0.36 0.95 1.015 0.96425 1.43 4.721 
016 PK 9 0.98 0.51 0.7 1.015 0.7105 1.84 5.302 
017 PK 10 1.46 . 0.65 1.015 0.65975 0.85 3.732 
023 PK 11 0.87 0.39 0.4 1.015 0.406 1.79 5.45 
025 PK 12 1.3 0.41 0.9 1.015 0.9135 2.14 5.562 
026 PK 13 2.09 0.46 0.7 1.015 0.7105 3.09 6.195 
027 PK 14 0.66 0.46 0.8 1.015 0.812 3.23 6.539 
028 PK 15 0.46 . 0.55 1.015 0.55825 4.07 7.018 
  mean 1.101333333 0.440833 0.65 1.015 0.65975 2.408 5.64673333 
  sd 0.5099281 0.041001 0.173205 2.3E-16 0.175803 1.079101 0.94834928 
          
015 SR 1 1.25 0.5 0.3 1.015 0.3045 1.36 4.779 
054 SR 2 0.68 . 0.5 1.02 0.51 0.97 15.621 
060 SR 3 . . 0.4 1.02 0.408 0.67 3.45186 
062 SR 4 . . 0.3 1.02 0.306 0.79 3.69316 
066 SR 5 . . 0.4 1.02 0.408 0.57 3.65506 
072 SR 6 0.51 . 0.4 1.02 0.408 0.8 3.58648 
074 SR 7 . . 0.7 1.02 0.714 0.53 3.15214 
075 SR 8 0.5 . 0.45 1.02 0.459 0.36 3.70332 
076 SR 9 0.6 . 0.4 1.02 0.408 0.49 3.14452 
078 SR 10 1.05 . 0.65 1.02 0.663 0.27 2.36982 
079 SR 11 1.36 . 0.4 1.02 0.408 0.6 3.42392 
080 SR 12 1.36 . 0.6 1.02 0.612 0.3 3.21564 
081 SR 13 0.75 . 0.6 1.02 0.612 0.28 2.8194 
082 SR 14 0.68 . 0.6 1.02 0.612 0.18 2.34442 
083 SR 15 0.72 . 0.8 1.02 0.816 0.26 2.286 
  mean 0.86 0.5 0.5 1.019667 0.5099 0.562 4.08304933 
  sd 0.332325142  0.15 0.001291 0.153143 0.321007 3.25632878
         

  
 

Figure 1.  Relative low oxygen tolerance values for three rockskipper and two 

mudskipper species. 



 184

 

Topic 2:  Temperature tolerance of selected damselfishes of Hoga Island, 

Southeast Sulawesi, Indonesia. 
Table 2.  Critical thermal maxima measurements of place-bound humbugs with and without structure. 

Date 
Trial 
No. 

Fish 
ID 

With/ without 
structure 

Temp 
LOE 

Weight 
(g) 

Standard Length 
(cm) 

12-Jul-
06 1 1-1 no structure 38.5 3.20 3.745

12-Jul-
06 1 1:2  structure 38.9 1.09 2.638

12-Jul-
06 1 1-3 no structure 39.0 1.34 2.973

12-Jul-
06 1 1:4  structure 39.2 2.52 3.650

12-Jul-
06 1 1-5 no structure 38.9 2.73 3.675

14-Jul-
06 2 2:1  structure 38.2 0.80 2.319

14-Jul-
06 2 2-2 no structure 37.3 0.36 1.908

14-Jul-
06 2 2:3  structure 37.6 5.09 4.618

14-Jul-
06 2 2-4 no structure 37.7 0.31 1.821

14-Jul-
06 2 2:5 structure 38.6 0.21 1.735

14-Jul-
06 3 3-1 no structure 38.3 4.88 4.519

14-Jul-
06 3 3:2 structure 38.4 0.86 2.494

14-Jul-
06 3 3-3 no structure 37.5 0.32 1.778

14-Jul-
06 3 3:4 structure 37.8 0.13 1.336

14-Jul-
06 3 3-5 no structure 37.7 0.40 1.867

16-Jul- 4 4:1 structure 37.9 1.60 3.804

 

0 
0.1 
0.2 
0.3 

0.4 
0.5 
0.6 
0.7 

Streaky Ambon Lined Common Barred 
Species 

0.5 
0.46 0.47

0.65 0.69
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06 
16-Jul-

06 4 4-2 no structure 37.1 0.44 1.984
16-Jul-

06 4 4:3 structure 37.6 0.30 1.814
16-Jul-

06 4 4-4 no structure 37.5 3.64 4.008
16-Jul-

06 4 4:5 structure 37.8 1.23 2.797
16-Jul-

06 5 5-1 no structure 38.1 1.07 2.733
16-Jul-

06 5 5:2 structure 38.1 4.01 3.924
16-Jul-

06 5 5-3 no structure 37.9 2.52 3.332
16-Jul-

06 5 5:4 structure 37.6 0.18 1.598
16-Jul-

06 5 5-5 no structure 37.4 0.54 2.169
17-Jul-

06 6 6:1 structure 39.1 5.54 4.435
17-Jul-

06 6 6-2 no structure 37.9 1.83 3.208
17-Jul-

06 6 6:3 structure 38.2 0.51 2.205
17-Jul-

06 6 6-4 no structure 37.6 0.39 2.057
17-Jul-

06 6 6:5 structure 39.0 2.19 3.647
18-Jul-

06 7 7-1 no structure 37.7 0.37 2.111
18-Jul-

06 7 7:2 structure 38.1 0.28 1.826
18-Jul-

06 7 7-3 no structure 37.8 2.54 3.584
18-Jul-

06 7 7:4 structure 38.4 0.11 1.341
18-Jul-

06 7 7-5 no structure 37.9 0.13 1.506
19-Jul-

06 8 8:1 structure 38.6 0.34 2.042
19-Jul-

06 8 8-2 no structure 37.9 0.20 1.588
19-Jul-

06 8 8:3 structure 38.3 2.00 3.292
19-Jul-

06 8 8-4 no structure 38.4 2.71 3.579
19-Jul-

06 8 8:5 structure 38.3 1.24 2.878
20-Jul-

06 9 9-1 no structure 38.5 2.43 3.604
20-Jul-

06 9 9:2 structure 38.7 0.85 2.433
20-Jul-

06 9 9-3 no structure 38.3 2.09 3.470
20-Jul-

06 9 9:4 structure 38.6 1.40 2.906
20-Jul-

06 9 9-5 no structure 37.8 1.54 3.002
20-Jul- 10 10:1 structure 38.3 2.37 3.498
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06 
20-Jul-

06 10 10-2 no structure 38.6 2.93 3.876
20-Jul-

06 10 10:3 structure 38.9 1.25 2.949
20-Jul-

06 10 10-4 no structure 37.5 0.17 1.737
20-Jul-

06 10 10:5 structure 38.3 0.99 2.822
 
 
Table 3.  Critical thermal maxima measurements of cruisorial black-spot sargents with and without 
cover. 

Date 
Trial 
No. Fish ID 

With/ without 
structure 

Temp 
LOE 

Weight 
(g) 

Standard Length 
(cm) 

21-Jul-
06 11 11-1 no structure 39.9 0.15 1.486

21-Jul-
06 11 11:2  structure 40.0 0.14 1.473

21-Jul-
06 11 11-3 no structure 39.9 0.28 1.890

21-Jul-
06 11 11:4  structure 40.4 0.41 2.253

21-Jul-
06 11 11-5 no structure 40.4 0.24 1.882

21-Jul-
06 12 12:1  structure 40.4 0.11 1.537

21-Jul-
06 12 12-2 no structure 40.7 0.19 1.768

21-Jul-
06 12 12:3  structure 40.1 0.10 1.425

21-Jul-
06 12 12-4 no structure 40.1 0.11 1.440

21-Jul-
06 12 12:5 structure 40.5 0.80 2.680

22-Jul-
06 13 13-1 no structure 40.8 0.22 1.829

22-Jul-
06 13 13:2 structure 40.4 0.24 1.963

22-Jul-
06 13 13-3 no structure 40.3 0.20 1.760

22-Jul-
06 13 13:4 structure 40.4 0.11 1.516

22-Jul-
06 13 13-5 no structure 40.1 0.10 1.448

22-Jul-
06 14 14:1 structure 40.5 0.25 1.969

22-Jul-
06 14 14-2 no structure 40.6 0.20 1.791

22-Jul-
06 14 14:3 structure 40.5 0.10 1.486

22-Jul-
06 14 14-4 no structure 40.3 0.09 1.405

22-Jul-
06 14 14:5 structure 40.2 1.09 3.005

23-Jul-
06 15 15-1 no structure 40.3 0.15 1.745

23-Jul-
06 15 15:2 structure 40.6 0.21 1.864

23-Jul- 15 15-3 no structure 40.2 0.32 1.976
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06 
23-Jul-

06 15 15:4 structure 39.4 0.40 1.994
23-Jul-

06 15 15-5 no structure 40.0 0.18 1.753
23-Jul-

06 16 16:1 structure 40.5 0.28 1.890
23-Jul-

06 16 16-2 no structure 40.6 0.13 1.582
23-Jul-

06 16 16:3 structure 40.4 1.70 3.561
23-Jul-

06 16 16-4 no structure 39.3 0.63 2.454
23-Jul-

06 16 16:5 structure 40.6 0.24 1.834
  

 
Topic 3: Evaporative water loss of air-breathing fishes of the Indo-Pacific. 
 

Data are still being collected for evaporative water loss trials.  Due to the extensive 

nature of the mathematics required to calculate resistance and evaporative water 

loss values, raw data could not be included.  The preliminary results for ambon 

rockskipper and common mudskipper were unexpected.  Rockskippers showed a 

relatively high value for resistance to water loss of approximately 60 sec/cm (a free-

water surface being 0 sec/cm), however mudskippers showed a lower value of 

approximately 20 sec/cm.  This finding suggests that mudskippers are not, in fact 

more resistant to water loss even though they are exposed for much longer periods 

of time than rockskippers.  It would appear that mudskippers get around the problem 

of evaporative water loss in the mangal habitat by remaining close to tide pools.  

Rockskippers, on the other hand, remain emerged for extensive periods of time at 

night and likely retard water loss by secreting a thick mucus coat.  For both fishes, 

high humidity of the fishes’ natural environment does not promote high rates of water 

loss. 

 

Topic 4:  Pulmonary and cutaneous oxygen uptake of banded sea kraits at two 

different temperatures. 

 
Table 4.  Mass adjusted cutaneous and pulmonary oxygen uptake and temperature quotient (Q10) values 
for banded sea kraits tested at 22.4 and 30.1°C. 

 Low Temp     High Temp    
Mass 
Adj. 
with 
0.75 Snake ID 

Mass Adj. 
VO2 (Air) 

Mass Adj. 
VO2 (Water) Total  Snake ID 

Mass Adj. 
VO2 (Air) 

Mass Adj. 
VO2 (Water) Total 

 1 3.108511434 1.786474278 4.894985712  1 0.99258798 3.772037982 4.764626 
 2 2.003907691 1.409520634 3.413428324  2 1.744889336 1.811321698 3.556211 
 3 3.610084564 0.124522712 3.734607276  3 2.404960318 5.688701418 8.093662 
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 4 3.322053898 1.0232322 4.345286099  4 1.025933494 5.623586346 6.64952 
 5 1.108448692 1.769873928 2.878322621  5 2.099549331 5.965952734 8.065502 
 6 0.768355358 1.064655051 1.83301041  6 3.311733085 3.716930468 7.028664 
 7 2.521783956 1.149186631 3.670970587  7 2.165706921 5.693767471 7.859474 
 8 0.970435204 2.309435595 3.2798708  8 2.726441438 0.986787983 3.713229 
 9 2.926210605 1.823653957 4.749864563  9 1.769233561 3.567179188 5.336413 
 10 4.063956099 1.291300392 5.355256491  10 2.138904556 1.348590474 3.487495 

 11 1.631618109 0.070611449 1.702229558  11 
-

0.074231942 1.027697735 0.953466 
 12 1.395018783 1.788434749 3.183453532  12 1.744753768 2.054140813 3.798895 

 13 
-

0.595764055 1.88532518 1.289561126  13 2.060086897 0.363225408 2.423312 
 14        14       
 15 5.752200259 0.167476513 5.919676773  15 2.072367864 9.359061607 11.43143 
 16 3.388851325 0.605897066 3.994748391  16 2.181772992 5.340389371 7.522162 
 17 0.655584939 0.395328212 1.050913151  17 2.380259588 3.097448853 5.477708 

 18 3.610246498 1.103537358 4.713783856  18 1.555552537 3.9029339 5.458486 
          
          
 Average 2.367147257 1.162850936 3.529998192  Average 1.900029513 3.724691379 5.624721 

 
Standard 
Deviation 1.574945933 0.693423642 1.43055984  

Standard 
Deviation 0.755510802 2.362989309 2.575877 

 

Coefficient 
of 
Variation 0.665335006 0.596313441 0.405257952  

Coefficient 
of 

Variation 0.397631088 0.634412108 0.457956 

 
Total 
Values    

Total 
Values    

          
          
  Q10 total 2.045450793       
  Q10 water 4.111769772       
  Q10 air 1.030380459       

 

Banded sea kraits were capable of picking up 40% of their total oxygen demand 

across their skin surfaces.  This is the highest value ever recorded for an aquatic 

reptile.  The Q10 responses were novel, with the overall increase in total metabolic 

rate doubling with a 10°C increase in temperature, however the overall increase was 

made up by cutaneous respiration and not by increased pulmonary oxygen 

absorption.  This adaptation probably allows sea kraits to enter into warmer waters to 

forage and feed without having to increase surfacing intervals. 

 

3.2.14. Metabolic Response of the Blue Spotted Ribbontail Stingray 

(Taniura lymma) to Burst Speeds. 

 

  Pre Swim Tunnel     
Stingray 
ID 

Weight 
(g) 

BOD 
inflow 

BOD outflow 
(average) 

inflow-
outflow flow rate 

Oxygen 
Consumption 

Mass 
Adjusted 

1 181.12 4.80 3.83 0.97 0.169842 5.71119 0.089198
2 367.90 6.00 3.80 2.20 0.134332 16.37733 0.145097
3 311.30 5.80 2.90 2.90 2.281480 1.271105 0.012872
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4 339.60 5.60 3.60 2.00 0.505625 3.955501 0.037362
5 311.30 6.20 5.05 1.15 0.524790 2.191353 0.022191
6 113.20 5.80 5.35 0.45 0.853235 0.527405 0.011997
7 254.70 5.60 4.25 1.35 0.640968 2.106189 0.025042
8 113.20 5.80 5.55 0.25 0.517603 0.482996 0.010987
9 141.50 6.00 5.35 0.65 0.454563 1.429945 0.027209

10 198.10 6.50 5.75 0.75 0.659341 1.137499 0.016537
11 141.50 6.40 5.70 0.70 0.579007 1.208966 0.023004

 
 
Post Swim Tunnel     
BOD 
inflow 

BOD outflow 
(average) 

inflow-
ouflow 

Flow Rate 
(Ave) 

Oxygen 
Consumption 

Mass 
Adjusted 

5.7 4 1.7 0.09733 17.46635 0.27279
6.1 2.3 3.8 0.0956 39.74895 0.352161
5.7 3.4 2.3 0.401789 5.724398 0.057968
6.1 4.65 1.45 0.49047 2.956348 0.027924
5.7 4.95 0.75 1.691856 0.4433 0.004489
7.3 5.6 1.7 1.890357 0.899301 0.020456
5.7 4.1 1.6 0.631579 2.533333 0.030121
6.3 2.65 3.65 0.489138 7.462107 0.16974
5.7 5.25 0.45 0.437956 1.0275 0.019551
6.5 6.2 0.3 0.679323 0.441616 0.00642

7 6.5 0.5 0.695064 0.719358 0.013688
 
Discussion 
The average oxygen consumption of the resting respirometry testing gave a reading 

of 0.04g of O2 being taken up during the stingrays time in the respirometer but 0.08g 

of O2 for post exercise. This was an expected result as the burst sped mechanism is 

very energetically expensive. The metabolic rates and burst speeds have yet to be 

calculated but that is the next step in this investigation. 

 

3.3. Mangrove Ecology 
 

3.3.1. The effect of temperature and oxygen tolerance on habitat partitioning 
of the Fiddler crabs, Uca crassipes and Uca vocans   

 
 

Table 1 Critical Thermal Maxima measurements of Uca crassipes 

Uca 
crassipes                 

Date  
Trial 
Number Crab ID CTMax 

Weight 
(g) 

Length 
(Carapace) 
cm 

Width 
(Carapace) 
mm 

Length 
(Cheliped) 
mm 

Width 
(Cheliped) 
mm 
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24/7/06 1 A-1 42.1 1.56 15.2 9.6 20.6 8.1
  1 A-2 40.9 3.9 20.6 12.5 36.5 10.8
  1 A-3 41.4 3.86 20.1 12 33.4 11.1
  1 A-4 40.6 1.56 13.9 9 19.1 8
  1 A-5 42.2 1.43 13.8 9.2 20.8 8
24/7/06 2 A-6 40.5 3.69 19.6 12.5 31.3 10.8
  2 A-7 42.6 2.15 15.7 9.7 21.9 8.5
  2 A-8 42.3 0.8 12.5 7.4 14.7 4.9
  2 A-9 40.1 3.24 18.6 11.5 31 10.2
  2 A-10 42.4 3.69 19.6 12.5 31.3 10.8
25/7/06 3 A-11 42.7 3.07 19.3 11.6 29.9 10.4
  3 A-12 42.5 1.38 14.2 9 21.2 8.3
  3 A-13 42.7 0.61 11.3 5.9 12.9 5.6
  3 A-14 42.3 2.88 19.9 11.9 27.7 8.9
 3 A-15 43.5 0.94 13.2 8.5 17.9 7
25/7/06 4 A-16 43.3 1.95 16 9.9 23.2 9
  4 A-17 42.9 1.81 16.3 9.5 23.2 9.2
  4 A-18 43.5 1.88 15.8 10.1 22 9.05
  4 A-19 42.8 2.08 16.4 10.5 26.8 9.5
 4 A-20 42.8 1.39 13.9 8.85 19.35 8.1
25/7/06 5 A-21 43.7 0.87 12.25 7.8 15.4 6.45
  5 A-22 43.4 0.83 12.25 7.8 14.25 6.25
  5 A-23 42.9 2.48 17.35 10.8 31.2 9.5
  5 A-24 42.9 2.17 16.65 10.1 24.15 9.25
 5 A-25 43.1 4.11 20 12.5 31.55 10.15
26/7/06 6 A-26 40.8 1.94 15.55 9.95 23.4 8.85
  6 A-27 38.1 1.96 17.1 10.7 22.2 8.15
  6 A-28 42.9 1.15 13.45 8.7 17.95 7.4
  6 A-29 42.1 1.25 13.5 8.95 20.4 7.7
  6 A-30 42.4 0.98 13.25 8.5 19 7.35

 

Table 2 Critical Thermal Maxima measurements of Uca vocans 

Uca 
vocans                 

Date  
Trial 
Number Crab ID CTMax 

Weight 
(g) 

Length 
(Carapace) 
cm 

Width 
(Carapace) 
cm 

Length 
(Cheliped) 
mm 

Width 
(Cheliped) 
mm 

24/7/06 7 B-1 43.4 4.86 22.6 14.5 38.4 14.1
  7 B-2 43.5 3.36 20.5 13.4 33.6 12.4
  7 B-3 42.7 3.68 20.8 13.2 32.8 12.5
  7 B-4 42.9 2.63 18.6 12.1 26.1 10.8
  7 B-5 43.2 2.04 17.3 10.7 26.2 10.2
24/7/06 8 B-6 43.9 4.76 21.8 13.7 34.4 13.6
  8 B-7 44.1 5.66 22.1 14.4 39.5 14.8
  8 B-8 43.4 3.51 20.1 12.5 32.3 12
  8 B-9 43.6 3.86 20.4 13.4 34.8 12.6
  8 B-10 43.8 2.23 17.1 10.7 25.8 10.3
27/7/06 9 B-11 43.7 4.38 22.4 14.3 33.75 12.8
  9 B-12 43.8 2.49 17.75 11.5 28.2 10.75
  9 B-13 44.5 3.64 20.55 12.6 25.55 11.7
  9 B-14 43.7 2.71 18.35 11.65 29.5 11.55



 191

  9 B-15 44.1 3.64 20.85 13.45 35.5 13.15
27/7/06 10 B-16 44.6 1.85 11.35 10.05 24.3 10.2
  10 B-17 44 3.11 19 12.1 32.5 12.2
  10 B-18 43.5 4.84 22.8 15 37.75 14.2
  10 B-19 44.3 2.29 17.4 11.45 25.7 10.35
  10 B-20 44.1 1.64 16.2 10.55 19.85 8.55
27/7/06 11 B-21 43.2 4.5 21 13.4 37.25 13.8
  11 B-22 43.9 2.64 17.45 11.05 27.6 11.15
  11 B-23 44 3.24 18 11.45 28.45 11.9
  11 B-24 43.8 3.05 17.4 11.9 23.55 10.35
  11 B-25 43.5 4.26 21.5 14.05 36.4 13.45
27/7/06 12 B-26 43.5 4.09 20.1 12.85 35.9 13.3
  12 B-27 44.1 5.01 22.5 14.95 39.25 13.3
  12 B-28 44.3 3.73 20.8 13.5 30.75 12.5
  12 B-29 44 3.6 20.35 12.65 36.2 13.1
  12 B-30 43.5 3.03 17.8 11.2 29.75 12.3
 
 

Table 3 Average Critical Thermal Maximum (°C) of Uca crassipes and Uca vocans.  

P-value calculated using a 2 tailed t-test. 

Species 
Average CTMax 
(°C) 

Uca crassipes 42.2
Uca vocans 43.7
    
P-value 2.23E-08

 
 

Table 4 Oxygen Content (mg/l) measurements for Uca crassipes. 

Uca 
crassipes                 

Date  Time Crab ID 

Oxygen 
Content 
(mg/L) 

Weight 
(g) 

Length 
(Carapace) 
mm 

Width 
(Carapace) 
mm 

Length 
(Cheliped) 
mm 

Width 
(Cheliped) 
mm 

28/7/06 9:33 A-1 1 2.47 17.7 10.9 30.9 10
    A-2 0.4 2.04 17.75 10.9 30.2 9.35
    A-3 1 2.17 17.45 10.55 27.5 9.65
28/7/06 18:42 A-4 0.9 2.5 18.25 12 30.6 9.45
    A-5 0.7 1.89 16.2 10.35 25.15 8.85
    A-6 1 3.58 20.1 12.55 33.65 10.95
28/7/06 21:00 A-7 0.6 3.53 20.9 10.6 35.25 10.4
    A-8 1.1 1.86 15.75 10.7 22.2 7.5
    A-9 0.8 1.92 15.2 10.65 22.05 7.5
30/7/06 21:05 A-10 0.4 3.43 19.9 12.85 33.7 11.1
    A-11 0.3 3.54 19.8 12 30.2 7.95
    A-12 0.2 1.84 18.15 10.65 19.4 6.5
31/7/06 9:00 A-13 0.2 2.21 20.45 11.8 17.75 7
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    A-14 0.4 2.22 16.75 10.45 25.9 9.55
    A-15 0.3 1.3 15.335 8.45 13.65 6.25
31/7/06 21:49 A-16 0.2 1.12 13.15 7.5 19.85 7.2
    A-17 0.3 3.25 19.5 11.5 32.25 10.7
    A-18 0.2 1.34 15.45 9.5 22 8.55

1/8/06 9:00 A-19 0.3 2.44 17 11.05 28.25 9.75
    A-20 0.7 1.01 13.55 8.45 19.73 6.8
    A-21 0.3 2.22 18.25 11 31.1 9.25

1/8/06 20:00 A-22 0.2 3.3 19.25 11.8 34.3 11.45
    A-23 0.3 1.14 13.85 8.15 19.25 7.4
    A-24 0.2 1.32 14.55 9.25 20 7.75

2/8/06 9:00 A-25 0.2 1.93 16.6 10.05 24.35 9.2
    A-26 0.3 2.02 17.65 10.9 31 8.85
    A-27 0.4 2.46 18.85 12.1 24.5 9.4
    A-28 0.2 1.25 14.35 9.6 21.5 7.65
    A-29 0.3 1.13 14.25 8.3 17.95 7
    A-30 0.2 2.89 18.35 11.45 32.9 10
 
Table 5 Oxygen Content (mg/l) measurements for Uca vocans. 

Uca 
vocans                 

Date  
Trial 
Number Crab ID 

Oxygen 
Content 
(mg/L) Weight (g) 

Length 
(Carapace) 
mm 

Width 
(Carapace) 
mm 

Length 
(Cehliped) 
mm 

Width 
(Cheliped) 
mm 

28/7/06 1 B-1 0.9 1.25 14.55 9.3 20.9 8.55
  1 B-2 1 2.27 16.2 10.7 25.5 10.5
  1 B-3 1 1.14 14 8.7 17.5 7.5
28/7/06 2 B-4 0.8 2.13 16.9 9.55 23.9 9.65
  2 B-5 0.7 1.24 13.8 8.5 18.6 7.3
  2 B-6 0.9 1.45 14.85 8.7 20.2 3.4
28/7/06 3 B-7 1.3 3.69 19.55 17.7 34.1 13.2
  3 B-8 0.8 3.6 19.4 12.4 33.55 12.2
  3 B-9 0.6 2.77 17 11.2 28.7 11.2
30/7/06 4 B-10 0.2 3.52 20.85 13.25 34.45 11.45
  4 B-11 0.2 2.91 18.95 11.8 30.8 11.6
  4 B-12 0.4 2.04 16.05 10.05 26.4 9.5
31/7/06 5 B-13 0.2 1.06 17.85 10.25 23.3 9.45
  5 B-14 0.3 1.39 15.2 9.2 18.75 7.95
  5 B-15 0.2 5.09 22.55 14.5 38.8 13.8
31/7/06 6 B-16 0.3 3.87 19.85 13.3 33.35 12.3
  6 B-17 0.2 3.08 18.75 11 30.65 11.75
  6 B-18 0.2 4.26 21.7 13.55 39.3 13.4
1/8/06 7 B-19 0.3 0.99 13.5 8.2 19.65 7.55
  7 B-20 0.1 3.58 20.75 13.9 31.55 12.45
  7 B-21 0.2 2.39 18.75 12.4 26.55 10.4
1/8/06 8 B-22 0.1 2.02 17.35 10.5 23.35 9.15
  8 B-23 0.1 3.27 19.2 12.05 30.5 12.3
  8 B-24 0.2 2.43 17.55 11.15 27.35 10.75
2/8/06 9 B-25 0.2 2.71 18.75 12.7 28.85 11.1
  9 B-26 0.1 5.28 22.1 14.35 37.6 13.35
  9 B-27 0.2 1.33 14.6 9.4 23.05 7.65

 2/8/06 10 B-28 0.1 4.23 21.25 13.55 35.45 13.3
  10 B-29 0.2 1.68 17.7 11.8 18.85 6.85
  10 B-30 0.2 2.58 17.95 10.3 28.75 11.8
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Table 6 Average Oxygen Content (mg/l) of Uca crassipes and Uca vocans.  P-value 
calculated using a 2 tailed t-test. 
 

Species 
Average Oxygen Content 
(mg/l) 

Uca crassipes 0.45
Uca vocans 0.4
    
P-value 0.57611

 
 

Discussion 
The average CTMax temperature for Uca crassipes was less than that of Uca 

vocans, 42.2 °C  and 43.7 °C respectively.  Oxygen content was virtually the same 

for both Uca crassipes and Uca vocans at 0.45 mg/l and 0.40 mg/l respectively.  

Preliminary findings therefore indicate that thermal tolerance appears to be the main 

influencing factor in habitat partitioning between Uca crassipes and Uca vocans.  

Hypoxia tolerance of each species is similar although initial results appeared to 

indicate that while the oxygen content values are similar that Uca vocans could 

tolerate the conditions for a longer period of time suggesting that it must contribute to 

habitat partitioning as well. 

 

3.3.2. Effects of temperature on feeding rates of two species of Indo-pacific 
fiddler crabs 

 
Table 1: Feeding rates for Uca Crassipies at the low temperature 

Crab 
number 

Weight 
(g) 

Carapace 
width 
(mm) 

Air 
temp 
(oC) 

Water 
temp 
(oC) 

Feeding 
rate/ 10 
min Replicate 

Average 
FR 

        
1 1.25 12.10 25.1 26.0 138 1 112.5 
2 1.79 14.80 24.8 25.3 87 1  
3 1.95 13.15 24.8 25.6 210 2 192.0 
4 2.42 14.50 24.8 25.6 174 2  
5 1.83 13.05 26.4 26.9 98 3 98.0 
6 3.91 14.60 25.0 25.3 154 4  
7 5.27 17.65 25.0 25.3 159 4 156.5 
8 5.24 17.70 25.0 26.6 115 5  
9 3.86 18.60 25.0 26.6 121 5 118 

10 3.18 17.10 25.0 26.1 112 6  
11 2.58 15.15 25.0 26.1 106 6 109 
12 3.06 14.45 29.3 26.5 97 7  
13 4.01 18.40 29.3 26.5 109 7 103 
14 2.01 14.15 29.3 26.4 102 8  
15 1.78 14.70 29.3 26.4 85 8 93.5 
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16 1.71 14.50 29.3 26.6 95 9  
17 1.36 12.40 29.3 26.6 98 9 96.5 
18 5.40 15.75 28.1 26.2 160 10  
19 3.60 16.70 28.1 26.2  10 160 
20 1.30 11.45 28.1 25.9 154 11  
21 3.10 16.95 28.1 25.9 172 11 163 
22 2.00 14.95 28.1 26.1 194 12  
23 1.90 14.35 28.1 26.1 156 12 175 
24 2.20 15.05 30.4 26.0 123 13  
25 1.70 13.85 30.4 26.0 136 13 129.5 
26 3.10 18.90 30.4 26.0 108 14 108 
27 2.00 13.35 30.4 26.5 142 15  
28 1.30 12.95 30.4 26.5 139 15 140.5 
29 1.60 12.65 30.4 26.5 127 16  
30 2.70 14.85 30.4 26.5 150 16 138.5 
31 1.10 12.45 30.4 25.9 112 17  
32 1.10 11.45 30.4 25.9 118 17 115 
33 1.50 12.95 30.4 25.9 102 18  
34 2.30 16.70  3.40 30.4 25.9 114 

 
Table 2: Feeding rates for Uca Crassipies at the high temperature 

Crab 
number 

Weight 
(g) 

Carapace 
width 
(mm) 

Air 
temp 
(oC) 

Water 
temp 
(oC) 

Feeding 
rate/ 10 
min Replicate 

Average 
FR 

         
1 1.25 12.10  26.9 33.0 198 1 201.0 
2 1.79 14.80  26.9 33.0 204 1  
3 1.95 13.15  26.9 33.6 289 2 273.5 
4 2.42 14.50  26.9 33.6 258 2  
5 1.83 13.05  26.9 34.0 153 3 153.0 
6 3.91 14.60  27.2 34.1 293 4  
7 5.27 17.65  27.2 34.1 272 4 282.5 
8 5.24 17.70  27.2 34.3 205 5  
9 3.86 18.60  27.2 34.3 232 5 218.50 

10 3.18 17.10  27.2 34.9 198 6  
11 2.58 15.15  27.2 34.9 214 6 206.00 
12 3.06 14.45  28.7 34.8 192 7  
13 4.01 18.40  28.7 34.8 201 7 196.5 
14 2.01 14.15  28.7 34.3 201 8  
15 1.78 14.70  28.7 34.3 197 8 199 
16 1.71 14.50  28.7 33.9 208 9  
17 1.36 12.40  28.7 33.9 187 9 197.5 
18 5.40 15.75  30.8 33.9 206 10  
19 3.60 16.70  30.8 33.9 189 10 197.5 
20 1.30 11.45  30.8 34.4 263 11  
21 3.10 16.95  30.8 34.4 271 11 267 
22 2.00 14.95  30.8 34.9 274 12  
23 1.90 14.35     12 274 
24 2.20 15.05  31.2 34.2 185 13  
25 1.70 13.85  31.2 34.2 209 13 197 
26 3.10 18.90  31.2 34.2 201 14 201 
27 2.00 13.35  31.2 34.6 220 15  
28 1.30 12.95  31.2 34.6 214 15 217 
29 1.60 12.65  31.2 34.6 199 16  
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30 2.70 14.85  31.2 34.6 206 16 202.5 
31 1.10 12.45  31.2 34.4 212 17  
32 1.10 11.45  31.2 34.4 219 17 215.5 
33 1.50 12.95  31.2 34.4 179 18  
34 2.30 16.70  31.2 34.4 187 18 183 

 
Table 3: Feeding rates for Uca Vocans at the low temperature 

Crab 
number 

Weight 
(g) 

Carapace 
width 
(mm) 

Air 
temp 
(oC) 

Water 
temp 
(oC) 

Feeding 
rate/ 10 
min Replicate 

Average 
FR 

1 3.52 20.80 24.8 25.6 124 1  
2 3.50 17.15 24.8 25.6 97 1 110.5 
3 5.13 20.30 27.2 25.9 129 2  
4 4.34 20.05 27.2 25.9 114 2 121.5 
5 4.88 19.90 27.2 25.4 98 3  
6 4.62 16.35 25.0 25.4 75 3 86.5 
7 4.25 21.70 25.0 25.9 91 4  
8 5.32 18.75 25.0 25.9 101 4 96 
9 4.07 17.35 29.3 26.4 85 5  

10 4.50 18.95 29.3 26.4 91 5 88 
11 5.14 21.65 29.3 26.6 83 6  
12 3.86 18.95 29.3 26.6 79 6 81 
13 2.64 14.90 29.3 26.5 96 .  
14 2.75 16.90 29.3 26.5 101 7 98.5 
15 5.70 20.55 28.1 26.2 118 8  
16 4.10 18.90 28.1 26.2 109 8 113.5 
17 3.80 18.25 28.1 25.9 78 9  
18 5.10 21.65 28.1 25.9 103 9 90.50 
19 4.80 18.95 28.1 26.1 138 10  
20 4.50 18.15 28.1 26.1 129 10 133.5 
21 4.90 18.75 29.2 26.3 97 11  
22 5.20 21.10 29.2 26.3 112 11 104.5 
23 3.90 18.20 29.2 26.7 109 12  
24 4.20 20.10 29.2 26.7 119 12 114 
25 3.42 14.80 27.1 26.7 89 13  
26 2.71 15.15 27.1 26.7 145 13 117 
27 4.53 17.75 29.7 26.7 164 14  
28 5.26 19.95 29.7 26.7 132 14 148 
29 3.12 15.15 29.7 25.8 121 15  
30 2.83 15.25 29.7 25.8 114 15 117.5 
31 1.32 12.15 27.1 25.8 104 16  
32 3.13 16.40 29.7 25.8 102 16 103 
33 3.15 17.90 27.1 26.3 104 17  
34 5.25 19.95 27.1 26.3 109 17 106.5 
35 3.90 15.25 27.1 26.3 122 18  
36 4.59 17.70 29.7 26.3 105 18 113.5 

 
Table 4: Feeding rates for Uca Vocans at the high temperature 

Crab 
number 

Weight 
(g) 

Carapace 
width 
(mm) 

Air 
temp 
(oC) 

Water 
temp 
(oC) 

Feeding 
rate/ 10 
min Replicate 

Average 
FR 

1 3.52 20.80 26.9 33.6 141 1  
2 3.50 17.15 26.9 33.6 152 1 146.5 
3 5.13 20.30 27.2 34.3 221 2  
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4 4.34 20.05 27.2 34.3 174 2 197.5 
5 4.88 19.90 27.2 34.1 193 3  
6 4.62 16.35 27.2 34.1 169 3 181 
7 4.25 21.70 27.2 34.9 172 4  
8 5.32 18.75 27.2 34.9 201 4 186.5 
9 4.07 17.35 28.7 34.3 168 5  

10 4.50 18.95 28.7 34.3 183 5 175.5 
11 5.14 21.65 28.7 33.9 165 6  
12 3.86 18.95 28.7 33.9 172 6 168.5 
13 2.64 14.90 28.7 34.8 163 7  
14 2.75 16.90 28.7 34.8 191 7 177 
15 5.70 20.55 30.8 33.9 183 8  
16 4.10 18.90 30.8 33.9 190 8 186.5 
17 3.80 18.25 30.8 34.4 178 9  
18 5.10 21.65 30.8 34.4 192 9 185 
19 4.80 18.95 30.8 34.9 196 10  
20 4.50 18.15 30.8 34.9 206 10 201 
21 4.90 18.75 31.8 34.9 198 11  
22 5.20 21.10 31.8 34.8 204 11 201 
23 3.90 18.20 31.8 34.2 196 12  
24 4.20 20.10 31.8 34.2 210 12 203 
25 3.42 14.80 30.2 34.4 172 13  
26 2.71 15.15 30.2 34.4 206 13 189 
27 4.53 17.75 30.2 34.4 215 14  
28 5.26 19.95 30.2 34.4 196 14 205.5 
29 3.12 15.15 30.2 34.4 220 15  
30 2.83 15.25 30.2 34.6 218 15 219 
31 1.32 12.15 30.2 34.6 208 16  
32 3.13 16.40 30.2 34.6 201 16 204.5 
33 3.15 17.90 30.2 34.9 199 17  
34 5.25 19.95 30.2 34.9 205 17 202 
35 3.90 15.25 30.2 34.9 221 18  
36 4.59 17.70 30.2 34.9 215 18 218 

 
Table 5: Feeding rates for Uca Crassipies in the wild. 

date  time air temp 
mud 
temp 

feeding 
rate tide 

26.07.06 1 11.00 31.8 30.7 305
coming 
in 

 2 11.15 31.8 30.7 311
coming 
in 

 3 11.30 31.8 30.7 372
coming 
in 

27.07.06 4 2.57 29.9 28.0 350
going 
out 

 5 3.15 29.9 28.0 394
going 
out 

 6 3.30 29.9 28.0 460
going 
out 

29.07.06 7 5.00 26.5 25.0 310
going 
out 

 8 5.10 26.5 25.0 298
going 
out 

 9 5.30 26.5 25.0 350
going 
out 

 10 5.40 26.5 25.0 377 going 
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out 

30.07.06 11 10.30 32.3 30.9 380 out 

 12 10.40 32.3 30.9 411 out 

 13 10.50 32.3 30.9 451 out 

 14 11.04 32.3 30.9 392 out 

 15 11.20 32.3 30.9 395 out 

 16 11.30 32.3 30.9 408 out 

 17 1.10 36.0 33.4 414
coming 
in 

 18 1.25 36.0 33.4 358
coming 
in 

 19 1.35 36.0 33.4 357
coming 
in 

 20 1.45 36.0 33.4 381
coming 
in 

31.07.06 21 8.10 28.1 27.4 298
going 
out 

 22 8.20 28.1 27.4 302
going 
out 

 23 8.30 28.1 27.4 336
going 
out 

 24 8.40 28.1 27.4 291
going 
out 

 25 8.55 28.1 27.4 384
going 
out 

 26 9.05 33.2 31.9 376
going 
out 

 27 9.15 33.2 31.9 373
going 
out 

 28 9.25 33.2 31.9 395
going 
out 

 29 9.35 33.2 31.9 406
going 
out 

 30 9.45 33.2 31.9 279
going 
out 

 
Table 6: Feeding rates for Uca Vocans in the wild 

date  time  air temp 
mud 
temp 

feeding 
rate tide 

29.07.06 1 9.38 30.2 29.4 317
coming 
in 

 2 9.50 30.2 29.4 299
coming 
in 

 3 10.01 30.2 29.4 313
coming 
in 

 4 10.11 31.8 30.9 289
coming 
in 

 5 10.21 31.8 30.9 197
coming 
in 

 6 10.31 31.8 30.9 180
coming 
in 

 7 10.41 31.8 30.9 337
coming 
in 

 8 10.51 31.8 30.9 311
coming 
in 

 9 11.01 31.8 30.9 360 coming 
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in 

 10 11.03 31.8 30.9 342
coming 
in 

30.07.06 11 8.37 29.7 28.2 599 out 

 12 8.48 29.7 28.2 569 out 

 13 8.59 29.7 28.2 471 out 

 14 9.10 29.7 28.2 554 out 

 15 9.23 29.7 28.2 620 out 

 16 9.34 29.7 28.2 652 out 

 17 9.45 29.7 28.2 685 out 

 18 9.58 31.7 30.3 575 out 

 19 10.08 31.7 30.3 697 out 

 20 10.18 31.7 30.3 702 out 

31.07.06 21 9.55 36.9 34.8 740 out 

 22 10.06 36.9 34.8 624 out 

 23 10.16 36.9 34.8 692 out 

 24 10.26 38.3 35.9 740 out 

 25 10.38 38.3 35.9 721 out 

 26 10.48 38.3 35.9 726 out 

 27 11.00 38.3 35.9 718 out 

 28 11.10 38.3 35.9 677 out 

 29 11.20 38.3 35.9 703 out 

 30 11.31 34.1 32.6 650 out 
 
 

The average Q10 for the Uca Crassipies was 2.051363348 which show that there is 

an increase in feeding rate.The average Q10 for Uca Vocans was 2.217005403 

which also show an increased feeding rate. A T-test was carried out to see if there 

was a difference between the feeding rates at both high and low temperatures 

between species. 
low 
temp P-value 0.020961186 
High 
Temp P-value 0.014153411

 

The results show that there is a significant difference between high and low 

temperatures between species. A correlation was done to see if temperature affects 

the crabs in the wild the Crassipies the P- value was 0.34066 and for Vocans the P-

value was 0.446936. Both results show there was no correlation. 
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Discussion 
The results of the Q10 showed that there is an increase in feeding rate for both 

species when temperature is increased. 

The T-test showed that there was a significant difference in between species feeding 

rate at both high and low temperatures. 

There was no correlation between temperature and feeding rate in the wild crabs, 

this is because there are only small changes in temperature daily and tidal status has 

a much bigger impact especially for the Vocans because of where they are found. 

With the Crassipies there was not a big effect on feeding rates with tide as they are 

not really affected by tide. 

 

3.4. Seagrass and Sandflat Ecology 
 

3.4.1. The Effects of the Presence of Mangroves on the Fish Assemblages of 
Seagrass Beds in the Wakatobi National Park, Indonesia 

 

A total of 110 species were caught within the seines with the most common species 

from the genus; Lethrinidae, Monocanthidae, Apogonidae, Atherinidae, 

Acanthuridae, Pomacentridae, Siganidae, Syngnathidae and Labridae. 

Species richness was analysed and plotted. 
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Fig. 2 Bar chart showing species richness at each category of site day and night 

including standard error bars. 

 

 
 

A two way ANOVA was performed and found that there  was a significant difference 

between site categories (p < 0.001). A Post Hoc Tukey tests confirmed that there 

was significantly higher species richness at sites where there were mangroves 

present than at seagrass only sites. No difference was found between seagrass beds 

that were next to or adjacent to mangroves. A greater number of species were found 

during the night (p < 0.001) than during the day which may suggest that fish travel 

into the seagrass beds from other habitats at night to feed or hide from predators. 
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Fig. 3 Bar chart showing fish abundances at each category of site diurnally including 

standard error bars. 

 
 

A two way ANOVA found that the abundance of fish within the seagrass was 

significantly greater in areas where mangroves were present (p < 0.001)  but there 

was no significant difference between night and day except in the seagrass beds 

next to the mangroves. 

Many schooling fish such as hardyheads and cardinalfish are found in the seagrass 

beds with catches ranging from 0 to 300 in a single seine making abundance a less 

reliable representative measurement. It may be necessary to remove schooling 

species of fish when analyzing abundance differences. 

Mean juvenile species richness was calculated for each category of site and plotted 

on a bar chart (see Fig. 4) 
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Fig. 4 Bar chart showing species richness of juveniles at each category of site 

 
Species richness of juveniles was found to be greater at sites next to mangroves 

than infront of or seagrass only sites (p < 0.001). The reason that the juvenile 

abundance in front of the mangroves was lower than juvenile abundance in beds 

next to the mangroves may be because one of the sites infront of the mangroves 

(Langge) had a much lower seagrass cover than other sites and far fewer juveniles 

were found at this site. Juveniles are thought to use the habitat complexity of 

seagrass beds as protection from predators so sites with lower seagrass coverage 

may seem less attractive to fish as nursery habitats. 

Primer v5 (Plymouth Marine Laboratory) was used to look at the variation diurnally 

and between sites. A cluster analysis and anosim were performed to determine 

where the variation within fish assemblages lied (see Fig. 5) 
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.Fig. 5 A cluster analysis showing diurnal and between site variation. 

 

 
 

ANOSIM showed that there was relatively high variation between sites (Global R = 

0.664, p < 0.0001) and a lower but still substantial variation diurnally (Global R = 

0.529, p < 0.001). Pairwise comparisons showed that there significantly greater 

variation between sites than diurnally for all sites except the seagrass only sites 

(Hoga Jetty and Bounty Bay) in which there wasd very little variation in assemblages 

and diurnal variation was greatest. This may be because the sites were extremely 

similar in seagrass coverage and were situated close together. 

 

Discussion 
The increased diversity and abundance of fish within the seagrass beds may be due 

to dynamic habitat utilization. The mangroves at the sites studied drained at low tide 

which means that the fish assemblages found within them would not be mangrove 

residents but must also utilize the surrounding habitats. Species that normally would 

reside within the mangroves may be utilizing the seagrass beds. A further reason for 

increased diversity and abundance of fish species in the presence of mangroves may 

be increased organic matter within the seagrass bed sediments. Mangroves are net 

importers of carbon and this would leak out into the surrounding habitats increasing 



 204

the carbon content within the sediments. Seagrass beds trap fine particles from the 

water column and it was found that the sediment of seagrasses near mangroves had 

a less solid consistency (author’s unpublished observations). An increase in organic 

matter would lead to an increase in bacteria, leading to a more diverse food chain 

and an increase in invertebrates for the fish to feed on. Further analysis into the 

trophic groups of the fish found within the seagrass beds with and without mangroves 

may help to find whether there is a steep increase in the abundance of fish that feed 

on invertebrates in the presence of mangroves.  

 

No difference was found in diversity and abundance between sites infront of or next 

to mangroves suggesting that mangroves may influence fish diversity further than 

just within the surrounding seagrass. Diversity increased within all seagrass sites 

increased during periods of darkness. This may be because of nocturnal species that 

burrow within the sediment and are passed over by the seine during the day come 

out at night to feed. Also other fish that reside in other habitats such as the reef or 

coral bombies may travel into the seagrass beds at night to feed or hide from 

predators (eg. Neoniphon sp. ). 

 

Abundance data was not the most accurate measurement as it was skewed by large 

numbers of schooling fish such as hardyheads (Atherinus lacunosus) which could 

increase catch numbers dramatically and increases variation between seines but it 

was still found that there was a greater abundance of fish in seagrasses near 

mangroves which again may be due to increased abundance of food and dynamic 

habitat utilization. 

 

Variation between sites was greater than within site variation for all sites except for 

Hoga jetty and Bounty Bay which were situated close together on Hoga and had very 

similar assemblages. For these two sites diurnal variation was greater than between 

site variation. From the cluster analysis and ANOSIM pairwise comparisons it was 

found that Langge varied in assemblage composition greater than other sites. This 

may be due to the site having much lower seagrass coverage and shows that it is 

important to take other variables into account. Distance from the reef would be 

important in determining assemblages of fish along with fishing pressure. The 

amount of exported carbon from mangroves that ends up in seagrass beds would 

depend on tidal currents and other environmental variable which should be looked at 

further in the future. 

 



 205

Seagrass beds found in the presence of mangroves have an increased value as fish 

habitats with increased abundance and diversity of species. These results show that 

mangrove habitats can influence adjacent seagrass beds and that these habitats 

must be conserved in unison. 

 

3.5 Development of Coastal Communities 

3.5.1. Interactions between net fishermen communities in Kaledupa and 
Sampela: knowledge, resource perceptions and trust 

 

Initial findings would suggest that net fishermen of Sampela and Kaledupa have a lot 

more in common than would have been anticipated. In general they still have a 

strong distrust of one another which boils down to ethnicity and past history between 

the Bajo and those from the main islands. However, they agree on many things 

regarding fishing, which is the main thing that links the two groups. 

 

Both Kaledupan and Sampelan net fishermen share very similar view on the current 

state of fishing. When asked whether the amount of fish they catch is more or less, 

the general consensus was that there was a strong decline in the number of fish 

caught. More interestingly was that they both highlighted the reason for this being 

that there were more fishermen fishing with better techniques and equipment. Not 

only was there agreement that fish catch was declining but the size of individual fish 

was declining and both named several species of fish that they would usually catch 

but now rarely can. Traditional fishing methods, such as spear fishing and line 

fishing, were both considered to be the best methods for only catching the fish they 

need. 

 

Sampelans seem to have only recently switched to only fishing with nets, with many 

other fishing techniques being used in the past. Net fishermen in Kaledupa have 

been fishing with nets since they began to fish. This might help explain stronger 

reactions to restrictions. Opinions on the No Take Zone (NTZ) were varied however. 

Sampelans strongly support it, probably due to the payments they receive for not 

fishing there. Kaledupans rarely fish there and take little interest in the area 

altogether. 
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From the responses to my next objective relating to perceptions on issues relating to 

conservation there were many views shared by both communities. The two 

restrictions that they would agree with, should they be enforced, are on the size and 

type of fish they can catch. However they both agree that conforming to the later 

restriction would affect them economically. 

 

Allowing fishermen to have more of a say regarding the implementation of fishing 

restrictions is one aspect that both groups of net fishermen strongly agree with. In the 

past decisions have been made without any consultation with the local communities, 

and although both groups feel that the government have the best interested of the 

fishermen at hearth, they would still like to play more of a major role in future. With 

this increased responsibility in the decision making process local net fishermen would 

also want tighter restrictions on outsiders fishing “their sea”. Both Kaledupans and 

Sampelans claim to have seen big trawler fishing boats fishing the surrounding seas, 

taking a lot more fish that they could every imagine catching with a single net. 

lthough many considered fishing with a net to be a sustainable way to fish, both 

groups of net fishermen would welcome fishing techniques that would enable them to 

only catch the fish they need. Whether this shows a mindset for being sustainable or 

purely one of subsistence is unclear but the fact there was no objection to this 

statement gives me hope that if the government or NGO did implement new fishing 

techniques such as bigger mesh sizes then there would not be too much objection 

from either group. 

 

A strong objection to bomb and cyanide fishing was expressed by both Kaledupan 

and Sampelan net fishermen; however I always thought it was very doubtful that any 
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of the fishermen would ever admit to bomb and cyanide fishing, especially to 

someone who they considered a stranger. Sampelan net fishermen seem adamant 

that restrictions on the size of fish they can catch and the size of mesh they can use 

will not affect them economically. Reasons for this could be twofold; the first is that 

the restriction currently surrounding the NFZ benefits them economically through 

reductions in their tax or secondly they genuinely believe that they would still catch 

enough fish even if their net mesh was smaller and they could only catch bigger fish. 

I believe that the Sampelan net fishermen have a greater understanding of spawning 

areas than the fishermen from Kaledupa. A lot more understanding of the benefits 

from allowing juvenile fish to mature to adulthood was displayed during interviews on 

Sampela. Net fishermen on Kaledupa often didn’t grasp what I was implying by not 

fishing in spawning areas, for them this area was one of the most abundant areas for 

fishing and imposing restrictions here would affect them. 

 

The final question regarding perceptions of conservation was a very direct agrees or 

disagree question regarding whether the condition of reefs were linked to the 

abundance of fish found there. Sampelan net fishermen with, in theory, their greater 

knowledge of the sea agreed that a healthy reef would have more fish than a 

damaged reef. The Kaledupan net fishermen were not as knowledgeable about the 

linkage between the condition of the reef and how this relates to amount of fish they 

can catch there. 

  

The third section in my research investigated the issue of trust within user groups, 

villages and between the two different ethnic groups.  

 

Results from this section were very interesting. As expected the trust between fellow 

villagers who undertook the same type of fishing was very high. Fellow net fishermen 

would lend money and fishing equipment to each other. When asked if they lend to 

each another ethnic group of the same fishing technique the response was quite 

different. Trust issues clearly exist between the Sampelans and Kaledupans in this 

respect. When looking at which ethnic group is more likely to lend, it is clear that the 

Sampelans would be more likely to trust the Kaledupans, rather than the other way 

round. This is perhaps unsurprising as the Sampelans rely much more on Kaledupa 

for freshwater, the mangroves and amongst other things. 
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Within both communities people that they actually trust are very similar, as shown by 

the graph above. Family, neighbours and other fishermen are the most likely people 

to be able to borrow money from according to both Sampela and Kaledupan net 

fishermen. It was interesting to note that on Sampela neighbours are often the same 

as family. Sama history tells us that the family was the most important aspect in 

society as they all lived and travelled together on boats. 

The final trust issue to be addressed was who they trust within the community and 

outside their community. The interesting part wasn’t so much the levels of trust they 

held for each different area (e.g. govt or NGO) but that the trust levels held by 

Sampela and Kaledupa towards each area were almost exactly the same. The most 

trusted were Village Elders, NGO’s, Government Officials, fellow net fishermen and 

OpWall. People they didn’t trust were other fishermen (i.e. people from outside of the 

Wakatobi) and fishermen from Sampela didn’t trust fishermen from Kaledupa and 

visa versa. The strongest issue of trust by both communities was held against 

outsiders, who they would not trust under any circumstances. 

 

Discussion 
Bajo people and Kaledupans share many of the same views regarding conservation 

of the fishing environment. This is undoubtedly a very sound basis for collaboration 

work between the two user groups. What are more unexpected were their shared 

views on the levels of trust held for government officials and NGO officials. This could 
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be the avenue through which collaboration on fishing restrictions could go through. A 

further discussion is needed with both Kaledupan NGO’s and Sampelan NGO’s to 

gain further knowledge and clues to why they hold such similar levels of trust for the 

same people and whether it has some relationship to the fact that they are all net 

fishermen. It would also be interesting to find out why there is such distrust between 

Sampelans and Kaledupans in general when a select user group of net fishermen 

hold the same views, perceptions and trust the same people. If both groups could 

understand that in fact they aren’t as different as both seem to think then 

collaboration would be a realistic option for the further. Further questions could be 

asked as to how is best way of breaching this gap however my research strongly 

suggests that if NGO’s or Government officials could inform each group of these 

findings then they might be surprised at how possible collaboration could be. 

 

3.5.2 Assessing the capacity at the highest and lowest level for a 
collaborative co-management approach to be used in the Wakatobi 
Marine National Park. 

 
The initial findings indicate that the Reformasi movement has had an effect on the 

area. The movement has given an increase in authority to the local government 

figures in the area, some of whom are grasping this and using it in questionable ways 

for their own benefits or for the benefits of those around them. Aside from this 

potentially negative idea the movement has brought the capacity for the local people 

to voice their opinions and raise awareness of areas that may not have previously 

been addressed.  

Although the effect of the movement is limited and there are few regulations that 

have been generated by the local government the main point is that the capacity is 

there for the regulations to be developed. 

However it has become apparent that the process towards collaborative 

management will be slow and complicated and is fraught with obstacles that need to 

be crossed. The main issue involves the obstacles created between the two 

communities by differences in views and traditions.  

 

Fishermen Questionnaire Results 

Results from the perceptions on best alternative fishing techniques show vast 

differences between the communities. 
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Fish 
Fences Gleaning

Hand 
Line Net 

Pot 
Traps 

Spear 
Gun Tuna Agar 

Mean of 
Kaledupans 8.2 4.2 7.1 7.2 3.2 3.4 6.1 9.0 
Mean of Bajo 3.5 5.6 7.7 6.6 1.6 8.5 3.9 3.7 
Average  5.9 4.9 7.4 6.9 2.4 5.9 5.0 6.4 

  
 

The results above have been taken from mean readings of points on each Likert 

scale line, which were measured to one decimal place. The results show clear 

differing views between the Bajo and Kaledupans. The Bajo regard the use of 

traditional practices of hand lines and spear guns as the most favoured techniques 

for alternative methods. Whilst the Kaledupan fishermen regard more ‘modern’ 

techniques of agar cultivation and fish fences as the best alternatives. 
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The results above show the actual techniques used by fishermen during the period of 

the study. Clearly the most obvious similarity is the same percentage of fishermen 

from both Sampela and Kaledupa engage in net fishing. To support this both 

communities rate net fishing relatively highly as an alternative method. 

Apart from the net similarity the differences in current fishing techniques between 

both communities is in complete contrast to each other. The Bajo favoured low 

intensity traditional methods of spear gun and hand line, accounting for 57% of 

fishermen. Whilst traditional methods account for 13% of the Kaledupan fishermen 

and the farming techniques of fish fences and seaweed account for 47% of the 

fishermen interviewed. It therefore seems fitting that the next best alternative would 

mirror current results reflecting high or low intensity and traditional or modern 

methods of fishing.  

 

NGO Questionnaire Results 

The results of the NGO questionnaire raised conflicts between the Forkani on 

Kaledupa and the YBM on Sampela. It is through this questionnaire that it as become 

apparent that the Bajo and Kaledupans cannot be approached in the same way 

towards collaboration, each needs a unique way of introducing new concepts. Each 

NGO had an opinion on what worked best in their area and consequently found it 

difficult to understand the need for another approach between the communities. Even 

though they both agreed that there were differences between the communities and 

therefore could not be treated as one.  



 212

The NGO’s agreed that Reformasi had improved the prospects for the local people 

by giving them an opportunity to raise aspirations or issues faced and they have 

been supporting this. Although the YBM did raise the issue that it is known that some 

figures in local government are using the increased authority for their own benefit, 

although only in isolated cases. The NGO’s recognize the need for management of 

the marine resources for the future are a willing to support and collaboration 

techniques for management as long as it is properly explained and implemented in a 

way that will suit the environment of each community either through meeting in 

Kaledupa or at a much lower individual level in Sampela. 

 

Discussion 

The results collected suggest that at the higher level (local government) the policy is 

in place to allow the Camat and Kepala Desas to work implementing regulations that 

would benefit the marine environment of the Wakatobi. The Marine Park Authority 

need to be consulted on this issue and although it is still unclear in the current 

regulation how decisions made by local government will be accepted by the Park 

Authority and whether they will participate in the monitoring and surveillance of any 

new regulations. This should not prevent a move towards co-management it should 

merely involve the consultation with the MPA authority at every step of the 

management process, in theory making the co-management into collaboration with 

the MPA also as well as the communities of the Wakatobi. 

All the results have suggested that the Reformasi movement has brought the local 

people the ability to voice their aspirations and concerns and from this develop new 

regulations. It can be concluded then that the legislative power is sufficient in 

capacity to allow changes to management to take place. 

The main obstacles that need to be overcome involve the differences between the 

Bajo and Kaledupan communities and the apparent unwillingness to work together at 

all the levels surveyed. A series of suggestions can be put forward for these barriers.  

The Kaledupan fishermen use methods like fish fences that involve harvesting large 

catches containing a variety of species or harvesting agar. This large scale 

harvesting can be termed ‘farming of the sea’ using the Kaledupan’s knowledge of 

farming on land and converting it to apply to the marine environment.  

This is a concept the Bajo are unable to adapt to because of their lack of farming 

experience having always been associated with the sea. Also, the Bajo tradition is 

one of a subsistence livelihood where they catch fish to feed their family and any 

excess they sell to buy necessary items such as fresh water from the main land. 
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Hence the techniques used the Bajo are low intensity methods such as hand line and 

spear gun as well as net fishing.   

The results suggest that the Bajo undertake no farming techniques, however, there is 

evidence on Sampela that agar is cultivated. On further inspection, it has become 

apparent that the only agar farmers present all have direct links with Kaldupans, 

mainly through inter-marriage and have developed this technique in conjunction with 

middle men on Kaledupa who have paid for the rope in return for buying the agar at a 

fixed price. This technique shows no sign of being adopted by the Bajo population on 

the whole as the traditional view still dominates. 

Another obstacle that has to be addressed involves the concept of timing. The 

Kaledupan view on timing involves days, months and years and people are able to 

plan for the future using this method. While this method sounds simple to an 

educated person, the Bajo are unable to grasp this context. Having developed from a 

nomadic existence were they lived day to day, the concept of timing has not 

developed except in a very basic way dependent on seasons and fish migration 

patterns. Although the Bajo have developed from the nomadic way of life with the 

development of permanent structures in Sampela the traditions held are still of a 

subsistence nature. The fishermen need to catch fish on a day to day basis to feed 

family and possible catch enough to be able to sell to purchase necessary items. 

Looking to the future to develop co-management with the Kaledupans is too difficult 

for the Bajo as it involves changing traditions and therefore is not acceptable to them. 

It has become apparent that if co-management is going to exist between the two 

communities it needs to be worked on the Bajo people at the lowest level by building 

on existing groups of trust so everyone can become involved and instead of looking 

to the future, look at the current and address current practices that will have an effect 

in the future. This is the only way that a significant progress is to be made towards 

addressing working together of the communities and changing practices for the Bajo. 

The Kaledupan community requires a different approach because of their knowledge 

on planning for the future. The Forkani NGO has made significant progress in setting 

up focus groups of fishermen in each village giving them a body and an recognized 

‘voice’ to raise issues and suggestions that can then be fed to necessary parties. 

Working with these groups is key to the acceptance of collaboration with the Bajo to 

manage the area for the future.  

Although obstacles need to be addressed and worked at before collaboration and co-

management can be worked at, co-management is a process that can work and 

needs to work for the future sustainability of the Wakatobi. 
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3.5.3 Informal social networks amongst village communities on 
Kaledupa and their applications. 

 

The social mapping exercise has provided some interesting results, in both villages 

there is at least one isolated individual and at the same time the community is formed 

around one or two individuals in each village. The majority of individuals can be 

connected to each other based on who they or their wives like to spend time with.  

There are some exceptions however which may pose a problem in terms of 

information spreading.  A large majority of respondents emphasised the community 

atmosphere and the culture of helping other individuals out as well as the importance 

of neighbourly and family networks which suggests that information can easily spread 

outside of my sample network.  I also found that one of my more isolated individuals 

was one of the most lively in the focus groups and the individuals in the groups all 

seemed to know each other and agree on all points which is suggestive of shared 

values and trust.  Within the larger community, links exist between the two villages 

both between the fishermen, their wives and also as a result of family links. 

 

The focus groups provided several interesting points and perceptions. Whilst all 

agreed that fish stocks were plentiful, there was confusion over which species were 

protected under law. Higher prices for some species such as napoleon wrasse were 

ascribed to the fact that it was seldom caught and has high nutritional value.  

Fishermen also said that they would release juvenile fish but only because they 

would be unable to sell them.  In Kaswari the fishermen said that if they could sell 

juvenile fish they would.  In Tampara they said that they wouldn’t even sell it at high 

prices because they understand the fish must mature. 

 

All fishermen know about certain regulations e.g. bomb and cyanide fishing.  They 

agree with these and all regulations providing that the government thinks about the 

prosperity of the fisherman when making the regulations. 

Knowledge about government institutions such as the BPD and LPM is vague at best 

and one focus group suggested that if it wasn’t for government regulations it wouldn’t 

be wanted. All agreed that informal decision making-processes work well. 

 

In background interviews I discovered the structure of communities and have gained 

a variety of perceptions on this.  Notably, La Beloro, from the NGO Forkani, thought 

that neither the BPD nor LPM is effective as they do not fully understand their roles.  

He also noted that it would be better to return to a traditional societal form which is 
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not influenced heavily by central government as people understood the system much 

better.  He said that the local population has the right to make decisions for 

themselves but are not brave enough to do so.  When interviewing the heads of LPM 

and BPD in Tampara I found that the two organisations do not function together and 

LPM has effectively no role within the village as the head man does include them.  

The head of LPM also said he feels too afraid to raise problems with the head and 

the elders directly but in informal situations he is more comfortable talking about it.  

The head of BPD revealed that there are only 3 active members in the Tampara 

group and in the past the head man has not changed practises when the BPD has 

reported complaints.  However the Bubu fishers themselves in the focus groups said 

that they feel things have improved since the formation of the organisations although 

the majority did not understand their roles. 

 

Discussion 
Strong informal networks exist within and between these two villages looking at the 

sample population of Bubu fishers.  Based on other responses I would also suggest 

that these networks are replicated on a larger scale as many respondents stressed 

the importance of the community and the culture of helping out others in need. There 

are clearly more significant men in the society and also more significant women who 

have a greater reach in terms of spreading information to others and to whom others 

turn to out of respect or if they need assistance.  These men and women may be 

treated as entry points and also as connecting points between the two villages and 

are essential for the spreading of information. 

 

In terms of application of the network, I examined the structural integrity of the 

informal decision making system as well as the fishermen’s perceptions of the 

environment and there understanding of conservation issues.  Opinions on the 

institutions such as the BPD varied and most answers seem to be tainted by the 

necessity of their existence however certain individuals noted that understanding of 

the work and the role of these institutions is limited both outside and inside the 

organisation.  The fishermen’s understanding of the importance of conserving certain 

species is considerably flawed out of no fault of their own, they have not been 

educated well enough and the park authority itself barely has the resources available 

to move from island to island.  It seems of utmost importance that attitudes begin to 

change as there are certain species that are becoming endangered or few in number 

and illegal forms of fishing are still practised in certain areas without any real fear of 

enforcement.  I suggest based on this research that informal information spreading is 
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a more sustainable alternative to directives from central government in Jakarta which 

people feel compelled to comply with without a real understanding of its meaning.  

Future research needs to be conducted on a larger sample in order to add further 

weight to this argument. 

 

3.5.4. Roles of fishing co-operative organisations in Kaledupa and their 
contribution to resource management 

 

Although analysis is still on going, there are some patterns emerging that are worth 

mentioning. How due to the nature of my research, the application of statistical will be 

limited and any results themselves may be severely limited in their usefulness due to 

the qualitative approach I have taken to conduct this research. One of the issues 

discussed was on the issue of marine restriction, and whether villages should have 

their own designated fishing areas, the response to this was pretty predictable. Many 

of the seaweed farmers agreed with the issue of marine restriction, understandably 

because the nature of their techniques does not require them to move their activities 

around as much as other fishing techniques. On the other end of the spectrum, 

predictably, many of the fishermen disagreed with the issue of marine restriction, 

understandably since there trade requires them to move around to where the fish 

stocks are at their most abundant. However, the united essence of Kaledupas was 

forthcoming, when many of the seaweed farmers felt that this restriction should be 

applied to the seaweed farmers only because this was unfair towards the fishermen 

who need to move around in order to sustain a livelihood. This unity was also 

displayed by the community in Barunga, where the co-operative idea sprang from 

after a village agreement for the entire fishing population to collaborate together, with 

the original idea to make the fishermen stronger in a collective rather than as 

individual. Many of the fishermen when interviewed cited unity as the reason for them 

joining the co-operative, and subsequently cited that the establishment of the co-

operative had not only made their force as fishermen stronger, but that it had also 

strengthened the community and bought not only fisherman together but also that 

families had strengthened bonds. This gives the impression of the co-operatives as 

not only a fishing forum, but also as a vehicle for social stability in the area, with the 

absence of a formal authority in the area this seems understandable. This point was 

also quoted by many people interviewed, and many stated their rejection or 

acceptance of certain things, such as the marine restriction, as being down to their 

wish to reduce social conflict in the area as much as possible. The co-operative idea 
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was latched onto by the local NGO FORKANI after its formation and heavily 

promoted around the villages by the NGOs representatives. When the leader of the 

NGO was quizzed about what he hoped to achieve through the promotion of the co-

operatives he responded that he hoped to retain the strong Kaledupan culture of 

unity and to significantly reduce social conflicts in the area, by urging people to do 

anything to avoid confrontation. From the responses of almost all those interviewed 

they directly quoted wanting to reduce social conflict, whether this trait was already 

embedded in the people or not is questionable, but since FORKANI began its 

campaign its stated seeing steadily decreasing numbers of conflicts each year. This 

demonstrates the power which the NGO does have to its seemingly nurturing 

methods employed, almost replacing the local government as the main force in the 

area, because of the non-existent input from the government it seems only natural 

that the people should look to some organisation for advice. 

 

There does seem to be an air of mistrust of the government, with many interviewees 

stating being promising funds, development or the distinct lack of management or 

consultation. The result of this seems to be a disagreement with government 

involvement in the managing of everyday life in the village, with all stating the need 

for regulation in the area, but very few wanting total management in the area. Allow it 

would be easy to say that it seems to be the fishermen who have recently moved to 

the area or are not part of a co-operative who are most in favour of government 

management. However, just as many members of the co-operative have stated this 

opinion than non-members, with no distinct pattern seeming to form. However if 

further more in depth analysis were conducted with other characteristics may help to 

find some correlations as to whether those that support the governments involvement 

are indirectly related by some perception or characteristic. 

 

 

3.6. Ecotourism and its Impacts 

3.6.1.  A study to analyse the aims and objectives of Operation Wallacea with 
regard to its activities within the Wakatobi Marine National Park 

 
The answers to questions used in the interviews with members of the local 

communities and in the questionnaires for the volunteers showed differences in the 

perceptions of Operation Wallacea’s role and purpose in the Wakatobi Marine 
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National Park. Upon comparison of the answers, the differences in opinions between 

the two groups were evident. 

 

In the questions about Operation Wallacea’s impact on the economy, 88% of 

volunteers viewed the economic benefit to the local community as very good or good, 

whilst only 14% of the members of the local community agreed. However, 86% of the 

members of the local community rated the economic benefit as being between 

average and very poor. A similar pattern emerged from the question about Operation 

Wallacea providing alternative employment for local communities. 89% of volunteers 

agreed that Operation Wallacea have done so, whilst 75% of the local community 

answers disagreed.  

 

The statements concerning Operation Wallacea’s activities in the area posed more 

differences in perception of the two groups. The statement that ‘Operation Wallacea’s 

effect is to conserve fish stocks to help local fishermen and people’ provoked 

different responses: 81% of volunteers agreed or strongly agreed, whilst 22% of 

members of the local community disagreed or strongly disagreed. The most striking 

response was that 56% of the local community members did not know. A stronger 

difference was evident in the response to the statement ‘Operation Wallacea’s effect 

is to develop Hoga to make it more attractive for tourists’. To this, 89% members of 

the local community agreed or strongly agreed in contrast to 68% of volunteers who 

disagreed or strongly disagreed. Again differences were apparent in the responses to 

the socio-cultural related statements, for example that ‘Operation Wallacea’s female 

members should respect the local dress code by covering their shoulders’. 100% of 

members of the local community strongly agreed but only 22% of volunteers strongly 

agreed. Despite these differences, there were some instances in which the answers 

did not differ greatly. There seemed to be some areas in which the members of the 

local community and the volunteers shared similar views. 

 

The responses to the statement that Operation Wallacea’s effect is to conserve fish 

stocks to allow further scientific research were that 77% of volunteers and 52% of 

local community members agreed. There were few people in either group who 

disagreed with the statement. However, it must be noted that 45% of the local 

community members said they didn’t know. Similarly the response to the statement 

that Operation Wallacea makes money for itself had 87% of the local community 

members agree along with 50% of volunteers.  
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The focus groups revealed answers similar to those of the interviews conducted with 

members of the local community. There were differences between the groups as to 

what they perceived Operation Wallacea should be doing in Ambeua but there were 

not stark contrasts between these answers and those obtained in the interviews.  

Majelis Ta’Iim was mainly concerned with economic impacts. PKK were more 

concerned about receiving information about the environment and management. 

However, they also mentioned economics. The Park Rangers also wanted more 

information about conservation, environment and management. Forkani, the local 

NGO were also extremely keen to see Operation Wallacea give more information to 

the local communities and include them in conservation. 

 

All the groups had a common opinion which was a desire to have a greater 

involvement with Operation Wallacea. The different groups held these opinions with 

different motivations but it was a common view. This view of greater co-operation and 

involvement between Operation Wallacea and the local community was a strong 

theme throughout all the questions in each interview, questionnaire and focus group. 

A majority of the respondents agreed that Operation Wallacea should have 

interaction with the local community and provide information and feedback about the 

research conducted.  

 

The staff interviews revealed a diverse range of opinions on what Operation 

Wallacea is doing here and also what they should be doing here. Some of their 

answers coincided with the views of the volunteers, however there was more 

variation. The main difference in opinion was between those who thought Operation 

Wallacea is here to conduct solely scientific research and those who thought that the 

scientific research should be used to educate local communities. Differences 

occurred between the staff members and the local community in that a majority of the 

staff thought that the local community expected too much from Operation Wallacea. 

The local community said Operation Wallacea should be contributing more to the 

local economy, training and development, whereas the majority of staff members did 

not agree. For example, in economic terms, the staff thought that Operation Wallacea 

was doing enough for the local society and that enough jobs had been created, which 

conflicted with the attitude of the members of the local community who felt that 

Operation Wallacea should be offering more.   
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The main themes that are evident from the research at first are: 

 

1. desire for increased local involvement 

2. more environmental education 

3. scientific research 

4. economic benefits for the local community 

 

The local community prioritised economic benefits followed by increased 

involvement. However, the reason for increased involvement was often not because 

of a desire for information or knowledge but a job or skills which could assist in 

increasing their income. The volunteers agreed with the local communities in that 

they should be more involved but this was primarily that they should be better 

informed about the scientific research being carried out, which was the main reason 

for Operation Wallacea operating in the WMNP. The staff members of Operation 

Wallacea had differing opinions which varied between each individual. Some 

believed that Operation Wallacea’s main aim was to conduct scientific research to 

increase knowledge about an understudied but highly valuable ecosystem, whilst 

educating students and giving them the opportunity to experience the coral reefs. 

Other staff placed more of a focus on research combined with education of the local 

communities. This view echoed that of the volunteers, suggesting that Operation 

Wallacea should make more effort to inform the local communities about the 

research and principles of conservation in order to be able to implement conservation 

strategies effectively.  

 

Discussion 
This preliminary analysis of results indicates that there are both similarities and 

differences in the perceptions of local community members, volunteers and staff 

members as to the priorities of Operation Wallacea. Initially what they are, and 

secondly what they should be. 

 

There seems to be a gap between the priorities of Operation Wallacea and actions 

taken to fulfil them. This is most evident in the case of involving, educating, and 

informing the local community. Despite the fact that some people do not see this as a 

main priority of Operation Wallacea, the majority of respondents said that Operation 

Wallacea should be doing so. However, if it is a priority of Operation Wallacea, it is 

not being fulfilled. The local community do not feel that they are at all getting any 
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feedback from Operation Wallacea. Many volunteers and staff also feel that more 

could and should be done by Operation Wallacea to ensure that the local 

communities understand the research and the implications of unsustainable 

activities. Therefore, it seems reasonable to try and assess why there is such a gap 

and what can be done about it? Suggestions have appeared in responses to the 

interviews and questionnaires including: 

• Having a longer perhaps all year Operation Wallacea season 

• Having an educator for the local communities working all year 

• Holding conventions/meetings in the villages to explain Operation Wallacea  

• Holding training sessions for the local people to learn about reef ecology and 

conservation  

 

However, it is important to consider whether or not these are actually Operation 

Wallacea’s responsibility. In order to analyse the results further and assess what 

Operation Wallacea’s role and responsibility should be, comparison and analysis will 

be conducted using an ecotourism model. The model will be one devised by Ross 

and Wall (1999), and will be used to assess whether Operation Wallacea fits the 

criteria in the model as an ecotourism operator. In addition, the model itself will be 

analysed to whether it is an accurate means of determining ecotourism. Here, the 

results of the research will be used to determine whether the model can be used to 

accurately depict ecotourism as a way to reach sustainability especially in relation to 

the geographical context of the WMNP. Further reading into responsible tourism will 

allow further assessment of what Operation Wallacea should be doing in the area. 

The differences in these perceptions may be for a variety of reasons. The main 

reason for the local community members who are not involved with Operation 

Wallacea holding their views seems to be that they resent the fact that many do not 

receive an economic benefit from Operation Wallacea and feel that they should do. 

Therefore, their perceptions of Operation Wallacea are more negative than those 

involved, especially when talking about economic issues.  Further questions have 

been raised by the initial analysis of results, which will be addressed upon later 

analysis. 
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3.6.2 The economic importance of tourism in the Wakatobi National Marine 
Park 

. 
A student questionnaire was sampled on 43 students living on Hoga in Ambeua and 

was used to determine how much money was spent in the lodge; locally owned Hoga 

shops and Kaledupan shops. 

From my survey I found that a total of £3219 was spent overall by this sample in their 

time on Hoga. This equates to around £81 or Rp1.3 million per student. Of this, 59% 

of students’ money went on products in the lodge. A further 28% and 13% was spent 

on Hogan shops and in Kaledupa respectively, giving a total figure of 41% of 

students’ money being directly spent in the local economy. 

 

 
 

 
 

Pie chart 1 shows the number of people indirectly affected by OpWall and their 

shopping habits outside of Kaledupa.  

 



 223

For the indirectly employed locals, 42% never shop outside of Kaledupa, compared 

to 54% of directly employed staff never shopping outside of Kaledupa during the 

Operation Wallacea season. This difference can be linked with shop owners who 

have to purchase shop stock outside of Kaledupa, this is shown with 22% of 

indirectly employed sample always shopping outside of Kaledupa, compared to only 

14% of directly employed staff. 

 

For those who did shop outside of Kaledupa, 85% shopped bought products that 

were not available locally such as electronic goods and large imports of shop stock. 

Only 15% of products were bought outside of Kaledupa that were of a better quality 

than those produced locally. For the directly employed staff 92% bought products 

that were not available locally, with only 8% buying products of better quality outside 

the Wakatobi.  

 

This data suggests that Kaledupa has all the natural and human resources available 

to produce and sell local products. There is a very small need for imports within the 

Wakatobi, with the majority of imports being shop stocks such as cosmetics, 

cigarettes and western foodstuffs such as coca cola.  

 

The indirectly employed survey said that 49% saw no increase in sales during the 

Operation Wallacea season. However of the remaining sample 12% simply produced 

goods to feed their families and 39% of indirectly affected samples had an increased 

turnover during Operation Wallacea season.  

 

These results show that Operation Wallacea can do more to benefit those indirectly 

affected by Operation Wallacea. In order to encourage development away from 

Operation Wallacea’s centres in Ambeua and Hoga, Operation Wallacea should try 

an incorporate all of Kaledupa’s villages into its plans.  

 

If this problem of unbalanced development continues then a rise in the rent gaps of 

some areas may occur. I.e. If only the richer areas in Kaledupa and therefore the 

more wealthy population receive Operation Wallacea’s development and the poorer 

areas remain ignored then a rise in wealth disparity will increase.  

 

All of the directly employed respondents said they had directly benefited from 

Operation Wallacea. This is compared to indirectly employed respondents who 
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stated that only 54% of them had benefited from Operation Wallacea’s presence 

within society.  

 

Only 5% of the indirectly benefiting samples said they had received any negative 

impacts from Operation Wallacea. The negatives that arose were the ideas of 

Operation Wallacea using the same locally employed people year on year. This has 

led to a jealous attitude in parts of Kaledupa, especially in the more remote villages 

away from Ambeua and Hoga, where villagers feel isolated and ignored by Operation 

Wallacea’s development.  

 

Another negative impact raised was by fishermen who feel they have been forced by 

Operation Wallacea to use more conservative and environmentally safe fishing 

methods. As a result, fish catches have reduced and there maybe a threat to the 

livelihoods of some individual fishermen. However, this understanding of the 

importance of conserving the environment for future generations of fishermen and 

their catches has not settled into the minds of local fishermen. There is a need for 

Operation Wallacea and the government to teach the local community the 

importance of sustaining the local environment in order to conserve fish stocks well 

into the future. If this is not applied within a predominantly fishing orientated society, 

then many local fishermen may feel controlled by Westerners on their own land. This 

disparity may lead to negative impacts upon Western tourists visiting Kaledupa in the 

future, and is one of the threats to tourism development in the Wakatobi.  

 

59% of indirectly employed believed that the whole of their village had not benefited 

from Operation Wallacea’s presence. The majority of the sample thought that only 

the directly employed benefited from Operation Wallacea’s presence. In opposition to 

this, 37% thought Operation Wallacea has boosted the local economy with 5% not 

seeing any changes.  

 

90% of directly employed respondents saw a development in the village; the other 

10% were staff who were visiting Kaledupa for the first time, so were unable to judge 

any changes and benefits within the society.  

83% of indirectly employed Kaledupans thought that Operation Wallacea can do 

more to improve the local society. Ideas such as improving education, building more 

schools and developing the economy suggest that the majority of Kaledupans 

indirectly affected by Operation Wallacea didn’t know what Operation Wallacea’s role 

is in the Wakatobi.  
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The other 17% didn’t know what Operation Wallacea would do, with none of the 

sample thinking that Operation Wallacea had completed its job in Kaledupa.  

Only 3% of the directly employed sample didn’t know if Operation Wallacea could do 

anything else to develop Kaledupa. The other 93% agreed that Operation Wallacea 

could do more to develop and encourage growth of the local economy.  

Suggestions for Operation Wallacea included trying to attract more tourists to the 

Wakatobi, whilst maybe increasing the length of Operation Wallacea’s season 

through the year. Many of the respondents new of Operation Wallacea’s role and the 

group’s good intentions to local society, all they wanted was the continuation of their 

presence in society and with it development of alternative incomes and economic 

development. Another idea put forward was for students to attend local schools once 

or twice a week to teach English and western cultures. This is something that has 

been done in the past and be worked on in the future. 

 

Both the directly employed and indirect respondents said that 79% of the younger 

generation wants to leave Kaledupa. Within the indirect sample, of the 79%, 26% 

leave for higher education and 76% search for employment outside of Kaledupa.  

This high percentage can be blamed by the lack of job vacancies available in 

Kaledupa. Employment that is available is currently based around the primary 

industries of fishing and agriculture. In order to solve this unemployment issue, 

alternative incomes need to be created in the Wakatobi in order to slow or even the 

halt the need for the younger generation to leave Kaledupa. Tourism is the ideal 

solution to this unemployment issue, it is the biggest industry in the world and 

$trillions is made annually across the world. The current natural environment that the 

Wakatobi has makes it an ideal attraction for thousands of potential tourists 

interested in diverse marine life, white sand beaches and unseen traditions and 

cultures.  

 

In order for the successful development of tourism within the Wakatobi, education of 

the local people about the economic impacts, relevant skills and requirements is 

needed. This links in with the amount of younger generation leaving Kaledupa for 

higher education and university. With only 26% of indirectly employed younger 

generation leaving for higher education, the majority of the remaining population has 

few relevant skills, such as English, to take advantage of tourism development.  

Therefore for successful tourism development education of the local society is key to 

sustaining the local environment and allowing the local economy to flourish.  
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Within the 79% of younger generation leaving Kaledupa 47% leave for university 

whilst the other 53% such for jobs due to a lack of job opportunities in Kaledupa.  

The higher amount of directly employed respondents saying that the younger 

generation leaves Kaledupa for university suggests that education can only be 

afforded by wealthier families who can afford tuition fees. This rent gap between the 

rich and poor can continue to rise as a larger proportion of the younger generation 

directly involved with Operation Wallacea has the advantage of developing skills and 

education at university.  

 

66% of the indirect samples believe the level of education in Kaledupa is below 

average. 29% thought education was good, and 5% of the respondents didn’t know 

the level of education. 42% of the direct respondents thought education in Kaledupa 

was below average. 46% thought it was above average, and the rest of sample didn’t 

know the level of education. No individuals rated education at very good or excellent.  

Respondents had a number of ideas in developing the level of education. Firstly they 

thought the government should provide scholarships to poorer families in order to 

give more children the option of higher education. Poorer families, especially those 

employed in the primary industries cannot afford the tuition fees, and their children 

receive no education. Secondly, there is a lack of schools on Kaledupa, with only one 

high school on the island in Lau Lua. This means that only children who can easily 

access the school in Lau Lua can attend. Locals thought the government should build 

more schools, and increase the amount of teachers in each school. English classes 

were thought essential to development in the Wakatobi. The final factor was the 

increasing westernization of Indonesia, with some respondents arguing that parents 

simply left their children in front of the TV in order to be educated. The drive and 

determination of the younger generation has arguably deteriorated leaving the 

younger generation relying upon parent’s wealth to see them through life. This 

argument was put across mainly by the older generation of Kaledupans who have 

seen the development of tourism and westernisation in Kaledupa, and have 

witnessed changing attitudes in the younger generation.  

54% of indirectly employed Kaledupans saw potential barriers to tourism 

development. These were mainly anxieties such as an unfair distribution of capital 

amongst the Kaledupan villages, in particular many remote villages, such as Buranga 

and Sandi saw the only benefits of tourism to be found in Ambeua and Hoga. In order 

for this view to be changed local government and Operation Wallacea must work 

together to help develop the whole of Kaledupa to provide an equal development to 

society.  
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53% of the directly employed sample saw potential barriers to tourism development. 

Many argued that Operation Wallacea did not provide scientific research conclusions 

to local society. This means that conclusions found on the natural environment and 

methods of developing tourism and human resources were not being used in local 

society. It is Operation Wallacea’s job to communicate to the local government the 

conclusions found and how to implement them. Without this link the economic 

development of Kaledupa may not occur as a lack of skills and education is being 

past to the community by Operation Wallacea management.  

Another barrier was the lack of awareness that local communities had on the 

importance of the environment and conservation. Education on the importance of 

coral reefs in order to sustain physical and human environments is the main barrier to 

tourism development. After all potential tourism development will be based around 

local beautiful scenery and the diversity of the coral reef ecosystems, and without 

these the opportunity for tourism development is reduced.  

 

Discussion 
To fulfill the potential of tourism in the Wakatobi commonly observed problems 

relating to the impacts of tourism must be avoided. This is not an impossible task as 

Operation Wallacea is sewing the seeds by increasing knowledge about the 

importance of the local environment. However, Operation Wallacea is not responsible 

for the development of local villages and Kaledupa, after all it is the Kaledupan 

people who own the land and in the long run decide how to best use land and 

resources.  

 

The data gathered here suggests that the growing gap between rich and poor 

Kaledupans needs to be reduced in order for the whole island to develop tourism 

whilst sustaining local resources and current alternative incomes such as fishing and 

farming. The current backbone of the economy is within fishing and farming, with the 

majority of the population being employed within these primary industries. As tourism 

grows there is a need to develop the primary industries in order for them to support 

the increased pressure on natural resources and the economy. This will then not lead 

to an over dependence on tourism if development fails after taking off. The education 

on the best fishing and cultivation practices needs to be taught before rapid tourism 

development strikes. This is required in order to conserve the local environment 

whilst encouraging the development of alternative incomes within the economy. 
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Loss of culture and tradition has yet to be threatened in the Wakatobi. However, the 

rise in Westernization and the globalization era can be seen in a rising amount of 

Kaledupan homes. Some older villagers argue that the younger generation have 

become lazy and lack drive and determination in education or when looking for a job. 

It is the role of the tourists to paint a healthy picture of the Western World by 

respecting local dress codes, traditions and culture.  

 

Unemployment levels are too low in Kaledupa and have led to the majority of the 

younger generation leaving for Malaysia, Singapore, Kandari and Bau-Bau. Tourism 

is the main alternative income that could change this and provide hundreds of jobs to 

a skilled and underachieving workforce. However, it is the role of local population and 

government when developing tourism in the Wakatobi. Operation Wallacea’s 

suggestions and research should be taken into account by the government and be 

passed down to the grass routes level in the form of education. After all, educating 

the local people on their about the importance of their natural and human resources 

is central for the successful development of tourism in the Wakatobi Marine National 

Park. 

 

 

3.7. Social and cultural change in coastal communities 
 

3.7.1. Centre and Periphery: Identity, Boundaries, Community and the Bajo of 
Sama Bahari 

 

i) Mapping and Structures 

The mapping indicated that there were significant overlaps between family groups 

within Sampela and the distribution of close family groups close to each other within 

the village.  

 

ii) Visual Aids 

Average Results of Scenario Preferences indicated in (bold) 

Visual Aid 1: Local Knowledge vs Migrant Labour 

Visual Aid 2: Shared Work vs Individual Work 

Visual Aid 3: Unified Community vs Divided Community 

Visual Aid 4:  Retaining the Educated vs Government Jobs for Children 

Visual Aid 5:  Close to Land vs Far from Land 
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Visual Aid 6: a) More people leave the village vs More people come into the village 

                       b) Government from inside vs Government from outside 

                       c)  Islam from inside vs Islam from outside 

Visual Aid 7:  Outside Opinion vs Inside opinion 

Visual Aid 8:  Informal Group Decisions vs Whole Community Decisions 

Visual Aid 9: Middleman vs Lateral Alliances 

Visual Aid 10: Equal relationship with the sea vs Unequal Relationship with the sea 

 

Centrality Diagram: 

The most salient feature of individual identity was money and livelihood. Interestingly 

Bajo adat was not articulated as many times as would have been predicted. Some 

individuals chose to interpret the diagram as a temporal diagram listing the order of 

importance of concepts according to time, others listed concepts spatially as what 

were the things closest to them and what things was further away. However most 

interpreted the model economically. 

 

Boundaries: 

Bajo vs Kaladupean: Amongst the differences listed were language, behaviour, land 

and sea, adat and unity. 

Bajo Past vs Bajo Now: Amongst the differences listed were the degree of openness 

to new knowledge, education and the loss of respect and harmony with the sea.  

Bajo vs Indonesian: Most Bajo suggested that there are not significant differences as 

they are both Bajo and Indonesian. However they did suggest Inter-Bajo unity was 

stronger than national identity. 

 

Concept Relation: 

Amongst the interesting concept relationships, adapt was closely linked with the sea. 

Islam and adat was closely linked together but for those who attend the mosque, 

Islam and adapt are at extreme opposites. Most interviewees associated the sea with 

waste though to some degree suggested the government should have some 

responsibility. They linked education with fish but this was primarily in terms of 

providing money for school. Most interviewees also linked migration closely with 

home. 

 

 iii) Focus Groups 

The main results to emerge from the youth focus group were that Bajo identity is 

contingently articulated depending on the degree to which they are familiar with a 
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group/ person. Migration is also more likely to retain an individual long term within the 

community, whilst those educated at university more likely to move away from 

Sampela. Half of the focus group had a preference for becoming village leaders and 

the others preferred to become regular migrants.  

The fishermen stressed how the sea is closed to them and the introduction of more 

barriers changes how they move around the sea. They do not really understand the 

concept of dividing up the sea. Though they agree outsiders from the park should be 

kept out but there is no agreement what methods to use to work with others inside  

the park. 

They also stressed it is difficult for the Bajo to abide by regulations if they can’t 

actually see the National Park Rangers around the local vicinity. 

The mosque attendants stressed the equal importance of the sea and Islam, though 

they did suggest education was important in embedding ideas and knowledge within 

young people. They suggested that Islam gave them more discipline and rules and 

that they have more opportunity to work within the group that attends the mosque. 

They suggested a unified community approach as difficult and co-operatives with 

informal groups impossible to construct. They also stressed the importance of 

outside leaders to the community. 

 

The community development group suggested that ethnic barriers were too strong to 

pursue a methodology whereby groups of Kaladupeans and Bajo meet. They 

suggested individual action was the way to break down difficult relations. They also 

encouraged the convergence of adat and political structures as more effective ways 

of using the networks in the village to increase community participation. 

Despite the active migration amongst the Sampelan community this is tightly linked to 

family provision and community. Migrants will often send money back to families and 

the community. Whilst on migration they will often form links with other ethnics. They 

usually migrate with friends and transit in various Bajo villages. 

 

 iv) Mantigola 

The main difference between Mantigola and Sampela is the different structures of 

governance and evolution of the community. Mantigola, in the past a strong port has 

retained a central group of traditional leaders and has more involvement in 

community decisions despite the fact it is ruled by a headman on Kaladuepa. In 

contrast Sampela is less centralized and has its own headman within the village. 

Within Mantigola there has been a clash between traditional adat and government 

and educational structures. This has been caused by tension within Mantigola due to 
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educated ‘Sa Jana’ coming back to the village and clashing with traditional village 

leaders. There is some economic difference between Sampela and Mantigola, in that 

Mantigola seem to be more involved in local trade links with Sampela having more 

individuals that migrate for wage labour and work with fishing companies. There is 

also more significant middleman activity within Mantigola and less subsistence 

fishing.  

 

Conclusions  

Centre and Periphery 

The Centre-Periphery model works on a variety of levels to explore individual identity 

and spatial and ethnic arrangement but has also emerged as more of structuring 

principle to view the Bajo relationship to various fields rather than a way the Bajo 

actually perceive their world. The Bajo of Sampela have no concept of centre and 

any centre that is expressed is located within the sea. However in Mantigola they do 

recognize its place as a ‘central’ place for Bajos to meet. Increasingly it becomes 

apparent that the Bajo have ‘moving centres’ around which they orientate and 

composition of Bajo society varies to the degree of formalization, government control 

and social distribution of the community. As long as the Bajo remain physically and 

behaviorally detached from land they will continue to draw boundaries and retain 

their mobility which has in the past been correlated with their peripheral status. 

However there are indications of them beginning to articulate their own ‘centres’ and 

own sense of culture as part of a wider framework of decentralization. Only at point at 

which access to the centres of power and economic systems turn into assimilation to 

the centres will the Bajo structural concept of identity change from its current 

resilence in which they remove themselves into the diverse and multiple ‘peripheries’ 

of Indonesia society which in turn is created by more dominant discourses and 

structures. 

 

Structuration 

Phenomenal Resilience 

The biggest obstacle to methods of conservation amongst the Bajo is there close and 

inseparable attachment from the sea. From an early age, the sea becomes so part of 

a Bajos everyday phenomenal experience that it may be hard for them to perceive 

beyond their individualised account in there assessment of conservation efforts.  

 

ii) Discourse 

Restricting a Concept 



 232

While conservation ideas may slowly being taken up by the Bajo, we must be aware 

that by the restrictions in the use of the sea, we may be only restricting the concept of 

freedom. The Bajo will still view the sea as theirs and free to use no matter how 

much it is divided and closed off. The Bajo may ‘know about’ conservation, this 

however does not imply they know what conservation ‘means’. 

 

Conserving Conversations: Process Driven and End Driven 

Scientists must be prepared to interact with Bajo people on an equal footing. It is 

extremely naive to think we are the more educated. The best way we can mutually 

‘educate’ both Op Wall and those it intends to serve is to ‘conserve conversations’ 

between scientists, Kaladupeans and Bajo, both in a practical sense, actively viewing 

and participating in practice and engaging in methods of interaction. 

 

A Unified Community? – Outsiders and Insiders 

The community is described as equal by the individuals and they see no 

differentiation between its members despite noticeable differences between more 

traditional and modern families. The sense of unified community results from the 

individuals place within that community and in no way reflects the participatory 

element of community development. There is a sense in which the community has a 

common ethnic group identity in opposition to Kaladupa and Bugis(land people). 

However outsiders play a prominent part in advocating and coordinating Sampela, 

from the Headman to Islam leaders from Kaladupea. This is also supported by 

various interviewees insistence on the importance of outsider opinion.  

 

Methods 

Perhaps the limits of conservation initiatives to date are not so much limited by the 

Bajo culture itself but by the lack of creative methodological approaches. Using a 

method of horizontal diffusion of ideas we could give the community the methods to 

use both impersonal and structured frameworks in which to build community 

conservation efforts and not either strictly employing a top-down method or a bottom-

up method. There is also a sense in which deconstruction of meanings provide clues 

to how conservation may be implemented and not through trying to construct 

conservation ‘over’ Bajo culture. There also needs to be a variety of methods for 

discussion with Kaledupans, both individual and group participation. Social proximity 

does not imply social cohesion in terms of community development. 

 

iii) Spatial Mobility 
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Migration 

A high proportion of Bajo men go on migration, often for several years at a time. This 

raises the question of whether the Bajo can still be termed ‘nomads’ to some degree 

and has implications for the measure of success a conservation programme aimed at 

men would be. Though the approach to Bajo travel has changed they still remain on 

boats and tend not to venture onto land. Migration also poses interesting questions 

about Bajo identity. While they do articulate their identity, the intensity of relation is 

less on the boundaries of Indonesian society. It is a place where normally opposed 

and economically significant relations with Kaladpeans become more open and 

friendly relations, indicating the importance of context and location on the articulation 

of identity. 

 

Holistic Conservation 

Operation Wallacea limits its scope to the Wakatobi but is important to trace the 

consequences outside, for example by encouraging migration we are relieving the 

pressure on fish stocks but migration might lead to illegal fishing.  

Furthermore there is increasing opportunity for inter-Bajo collaboration and this 

presents the chance for conservation models and education to be employed in these 

methods and not just restricted to a regionally focused approach.  

 

iv) Positionality: Formalising and the ‘Tribal Slot’ 

We have to be careful to not essentialise Sampela as a closed community. Bajo 

people are still highly mobile people, but there is a sense in which Sampela is 

strongly bound not by geography but by shared lifeworld of the people. There is 

sense in which the counter-conscious method employed by the Bajo to emphasize 

positive aspects of egalitarianism and freedom is changing with an increasing 

willingness for change and articulation of their culture and perhaps there is scope for 

conservation to be embedded in this change. 

 

3.7.2. Men as Users, Women as Savers: Incorporating Bajo Women into 
Conservation Initiatives in the Wakatobi National Marine Park 

 
 

The results I have collected indicate a fascinating discrepancy between women’s 

power within the context of the household and localized social networks versus their 

political role in Sampela. This has translated to their overall marginalization in issues 

related to conservation and local development initiatives, with women largely 
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excluded from participation in the planning and decision-making processes within the 

context of the Wakatobi. 

 

The Bajo household seems a surprisingly egalitarian one, with women having equal 

rights of inheritance to men and the question of partitioning assets during a case of 

divorce being resolved very diplomatically, through discussions which may or may 

not be mediated by the kepaladesa. If anything, Bajo families generally have a very 

matriarchal focus, with the groom often moving into the home of the bride upon 

marriage. Women have an extremely central role in the household, controlling 

finances, budgeting and savings and being largely responsible for virtually every 

activity related to fishing other than the actual act itself; women are responsible for 

preparing the equipment, processing and selling the catch, as well as deciding where 

to sell it and for how much. Women are arguably much more in touch with market 

fluctuations in fish prices and how seasonal catch variability affects household 

income and their ability to keep the household at or above the subsistence level. One 

of my key informants went so far as to refer to a traditional Bajo saying: “Men are 

users, women are savers” in response to my question as to why women rather than 

men control finances. In general, Bajo women see themselves as more altruistic than 

the men and more aware and considerate of the needs of different members of the 

household. According to them, men would spend all the family income on cigarettes, 

liquor and gambling if allowed to have their own way with the finances, directly 

contradicting neo-classical economic theory which defines the household as a set of 

altruistic individuals concerned with the greater good. 

 

Women are also central to community life in Sampela, perhaps largely because of 

their unquestionably greater presence in the village. The men are often away for 

extended periods of time when the conditions are right for fishing and, when they are 

home, they are most often seen resting between fishing expeditions. Most of the 

general bustle in the village revolves around the women and children, and many 

important day-to-day interactions occurring between households are mediated by 

their female heads. In this manner, women are largely responsible for maintaining 

ties of reciprocity and exchange between neighboring households and relatives, 

participating in important networks of exchange that help to maintain households 

afloat in times of hardship. 

 

At a community level, a majority of women in Sampela seem involved in the 

Dasawisma groups, which work with women at a neighborhood level to promote 
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issues of family welfare, particularly in the areas of health, sanitation and education. 

Each group is comprised of several households, allowing for an intimate setting with 

women who interact normally as neighbors and friends. The Dasawismas seem an 

important source of community empowerment for the women and, as discussed 

below, their emphasis on family welfare may not be too far removed from 

environmental concerns in the eyes of Sampela women. 

 

From their unique position as important players within the household and local 

community networks, women seem acutely aware of the ways in which 

environmental problems translate to problems and concerns within the Bajo 

household. Capable of making this important jump that takes them from the 

environment straight to the household, women discussed with me issues that ranged 

from male migration to problems in the education of Bajo children as being linked to 

issues of conservation and resource management in the Wakatobi. All of the women 

I interviewed agreed that the Bajo household could benefit in a variety of different 

ways from adequate conservation schemes, including greater stability in family 

income, less family break-up due to migration, and a greater ratio of catch per unit of 

effort in fishing activities, which ultimately translates to a greater presence of the 

paternal figure in the household. All of this, they agreed, would contribute significantly 

to family welfare in Sampela. 

 

The above set of qualitative data seems corroborated by the more quantitative data 

collected in a questionnaire-type survey of 40 women in Sampela. When compared 

to the data raised by Hazel Webber, who interviewed fishermen in 2005, this set of 

data suggests that women are much more likely to support important conservation 

initiatives, such as the return of juvenile fish to the ocean, restrictions on mesh-sizes, 

and the expansion of the No-Fishing-Zone to other sites around the Kaledupa region. 

Interestingly, the data suggested very little difference between male and female 

respondents in terms of knowledge of the marine environment. In other words, 

although women are not necessarily better informed or educated about the 

environment, they are more aware of the importance of conservation initiatives for 

the welfare of the Sampela community. 

 

Conclusions 

The findings I have made throughout my stay in Sampela suggest that there is a 

definite social structure, as well as both interest and willingness on the part of 

Sampela women to assume a greater role in conservation in the Wakatobi. Taking 
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advantage of the unique position of women within the households and community of 

Sampela makes sense not only in terms of the potential efficiency in propagating 

conservation education and community goals, but also in terms of empowering 

women to take a greater control of the environment with which so many different 

factors of their everyday lives are inextricably linked. 

 

The women I interviewed seemed particularly keen on taking a more active role in 

community education, beginning perhaps through the Dasawismas and having a 

trickle-down effect within the individual households and the community at large. 

Women stressed their roles as educators of children as well as their ability to police 

their own husbands in terms of the catch they bring home and the fishing methods 

they employ. Several of them also highlighted the trust that husbands have in 

household decision-making and seemed to suggest that once environmental 

concerns become more directly linked to household concerns in the community 

consciousness, women’s decisions would probably be more respected. 

 

Generally speaking, the findings of my research seem to confirm that development 

theory as it is applied in the Indonesian context by government initiatives such as the 

PKK is also applicable to environmental concerns. The idea that through educating 

women one is reaching into the family and community as a whole seems to hold up 

in Sampela, and overall emphasis on family welfare, health and sanitation, and 

poverty reduction schemes can be expanded to other issues as well. The women I 

interviewed seemed generally aware of the ways in which family welfare and 

household stability are enmeshed with environmental concerns, and it seems as 

though it wouldn’t take a very large leap in reasoning to bring up issues of 

environmental concern along with issues of family welfare with the women in 

Sampela. 

 

On the whole, alienating and marginalizing women from issues concerning the 

environment may be if not impeding, then definitely retarding the process of 

environmental education and community awareness in Sampela, as well as hindering 

the development of a communal commitment to environmental goals. My findings 

suggest that by involving the Sampela women in conservation initiatives, we may 

very well be taking a short-cut into the heart of the household and the community as 

a whole, and involving key players in issues concerning family welfare and wellbeing. 
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3.7.3. Conservation and Education: a case study 
 

While analysis of data is ongoing, initial investigation has revealed a number of 

interesting general trends.   

 

Parent Focus Groups 

Overall, the response to the school from the adult community of Sampela was much 

more positive than expected.  They listed many aspects of the school they liked, 

including the very personal nature of the education.  At the government school, they 

said, a teacher would write on a boar then tell the children to sit down and copy it.  At 

the alternative school, however, they said the teachers would take a child’s hand and 

help them to draw letters and such.  This hands-on approach to forcing children to 

work and learn was generally approved of.  Parents also maintained that teachers hit 

students at the government school, and they liked that that did not happen at the 

alternative school.  They also generally approved of Sabir as a teacher, primarily 

because he is a good Muslim and takes children to the mosque and such.  Clearly 

Islam is a big draw, because unlike education that requires time to increase ones lot 

in life, being Muslim will grant you immediate prestige.  As such, many parents said 

reading the Koran and praying when listing topics they felt should be taught in 

school. 

 

While most people recognized the alternative school as a legitimate school, many 

saw it as primarily a school for playing and drawing.  Some felt it was a starter school 

of sorts, to prepare kids for government school.  Because the alternative school is not 

accredited, children who wish to continue their education must go to the government 

school.  One woman was upset that her children could not attend both, as she felt the 

environmental focus of the school was good, but her children must attend the 

government school so that they can go on to high school afterwards.      

 

One of the few concerns voiced had to do with worry over the invasive nature of a 

few specific activities that had been done in the past.  For example, in one class the 

teacher asked the kids to talk about their daily life.  The parents were concerned that 

kids wouldn’t know any better and would divulge information about their house and 

the food they eat and that the school was judging them.  Clearly school is still seen 

as a very modern force, one which they feel capable of judging and looking down on 

them.  Similarly, they said it was difficult to send kids to school because you have to 

wear nice clothes to go.  While the alternative school has no dress code, the parents 
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seemed concerned about the judgment that would be passed on them if their kids 

were not nicely dressed. 

 

There seemed a split in the expectations for and eventual goal of education between 

the “modern” and “traditional” parents.  Modern parents generally saw education as a 

means to move their children away from the sea, into office jobs and the like.  While 

many subsistence parents said that they would like their children to become teachers 

and office workers when asked outright, when they listed what they thought should 

be taught in school they were very interested in things like fishing and Bajo tradition 

being taught.  It would appear that these parents wanted an education that allowed 

their children to remain Bajo. 

 

The parents seemed to express a tension between fishing and school.  The parents 

seemed concerned that if fishing were taught in school, children would stop their 

education and fish instead.  Fishing clearly is seen as the more “fun” option that 

children would choose if given the choice.  When asked why kids don’t go to school 

for instance, parents blamed the fact that kids will do as they please, and that playing 

is seen as much more fun than lessons.  There is also the reality that if children go 

gleaning or fishing, they can sell what they catch and keep the money to buy sweets 

and such.  Education has no such immediate reward.   

 

Children Focus Groups: 

In general it was found that there was not as much of a split between the “modern” 

and subsistence children as was expected.  Instead, age seemed to be a greater 

determiner of environmental knowledge.  This is though to be a result of more 

experience in the habitats during which time they could observe species in their 

natural environment.  Among the younger kids, subsistence children seemed to know 

more, supporting this argument as subsistence children would presumably have had 

more opportunity to go out to sea from a young age.  Younger kids from across the 

village seemed to supplement their knowledge with myth and legend, as it was 

observed that younger children tended to make more reference to ghosts and spirits 

when listing creature that live in a given habitat.  Younger children also tended to 

include crocodiles in their lists of predators despite the fact that virtually none live in 

this area.  This is possibly because of stories they have been told featuring a 

crocodile spirit which is important in Bajo lore.   
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The children overall knew quite a bit about specific elements of the environment.  For 

example, certain children could identify that the specific species of shell depicted on 

the flashcard was located only in the reef whereas other species could be found in 

sea grass.  Knowledge about reproduction was (with few exceptions) rather lacking 

however.  While it was presumed that children wouldn’t know much about the deep 

sea, they could in fact name numerous species that live there, getting as specific as 

being able to name 6 different species of tuna! Their knowledge, however, seemed 

limited to creature that are caught.  Similarly, the children showed remarkable 

knowledge of the sea grass habitat and the creature that lived there, listing numerous 

very specific species.  When asked what they do not take, however, most replied 

simply that they took everything in the sea grass, or perhaps mentioned one species 

of urchin or sea cucumber that they knew to be poisonous.  Considering the plethora 

of sea life present in the sea grass, it seems highly unlikely that they would collect 

everything, so it is thus surmised that their knowledge is limited to those species 

which they collect.  They also knew more about those species that they do collect, 

such as barracuda, than those they do not, such as puffer fish, even though they are 

much more likely to encounter the latter in the waters close to Sampela.   They also 

showed a very utilitarian view of things, often citing the uses for various species 

(such as using the coral species koko as rat poison in Bajo houses or using sponges 

to clean dishes).   

 

In the ecosystem game, remarkably little concern was shown when the reef was 

removed.  The general response was that “the fish are gone”, but when asked if this 

was a problem most simply replied that people could fish in the deep instead.  There 

were a few notable exceptions where kids were concerned about waves coming into 

the sea grass, showing a knowledge of the protective role of the reef, but this was a 

rare occurrence.  A similar lack of concern was shown when the mangroves were 

removed, with a typical response being “There will be nowhere to collect wood”, but 

with several adding “we can use oil-burning stoves instead”.  This kind of answer 

clearly demonstrates that they do see the connection between the piece being 

removed from the ecosystem puzzle and the real environment, but very few children 

thought that removing either of these habitats (especially the mangroves) would 

affect the rest of the ocean.  Interestingly, it was the sea grass removal that 

consistently received worried responses.  There was concern over the fact that there 

would be nowhere to go gleaning which often extended into concern about specific 

species.  Unlike mangrove fish which they felt could move to the sea grass, they 
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seemed to grasp the habitat-specific nature of many of the sea grass species and 

seemed to suggest that if the sea grass was gone they would simply cease to exist.       

 

Child Learning Observation 

Observational analysis of Bajo daily life suggests that learning practical skills seems 

to be a process of observation and trial.  A child who goes fishing with their father will 

receive very little formal instruction about technique and such- they will instead 

merely watch, and perhaps be provided with a bit of line themselves to practice.  This 

element of practice seems key, as numerous children, starting at a very young age, 

were observed trying out various fishing techniques such as spear fishing, net fishing 

and gleaning within the safe confines of the village.  No adults seemed to be present 

in such sessions- most often it was simply a group of similarly-ages children 

appearing to be “having a go”.      

 

It has been observed that Bajo children are, on the whole, very independent.  From a 

very young are children prefer to hang out with other children rather than parents, 

and can often be seen in large groups, with individuals often a variety of ages, and 

occasionally a mix of genders.  Within these groups there appears to be a hierarchy, 

with older children “looking out for” and often disciplining younger ones.  It is not 

unusual for young girls to be put in charge of infant siblings who they will carry along 

through their daily activities and play, showing the incredible sense of responsibility 

instilled in Bajo children from even very young ages.  This prolonged exposure to 

other children, particularly those older than themselves, combined with limited 

parental influence, suggests a system where children learn from each other.     

 

 

Discussion 
One of the biggest problems facing the alternative school in Sampela at the moment 

is to define what it should be, what it should teach, and who it should serve.  Based 

on the responses from the parent focus groups, it seems clear that those who view 

education as a platform for greater things are confined to the government school and 

its prospects for educational advancement.  Children with such aspirations are thus 

already catered for.  The educational gap lies in what to do with those children who 

wish to remain dependant on the sea.  A government-type school will educate them, 

but most of the subjects covered have little relevance to their daily lives and needs.  

The alternative school is ideally placed to fill this gap, providing a kind of education 

that will allow children to grow up and live culturally and environmentally sustainable 
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lives.  Basic health and hygiene skills could have immediate impact on overall 

community health, and would thus be relevant in that they would allow children to live 

healthier lives and assist others in doing so.  Basics such as reading, writing and 

math would be valuable as well in that they would limit the extent to which they as 

fishermen are ripped off in the market.  If fishermen were able to ensure fair prices in 

the market, they would in fact have to sell less fish to survive, decreasing their impact 

on the environment.  Thus the environment becomes all-encompassing, containing 

elements not only of conservation, but of sustainable development as well.  All of 

these are skills that would allow people to remain Bajo and live traditional lifestyles, 

but in a healthier and more sustainable way.  Education of this kind could represent a 

tool for both cultural and environmental preservation. 

 

Within a school setting, the findings from the child focus groups and observational 

work can be applied to make lessons more effective.  First and foremost the 

independence of the children must be acknowledged.  They have never been 

exposed to formalized settings or discipline before, therefore the structured 

environment school represents will be foreign to them.  That is not to say, however, 

that such structure should not be in place.  Like all children, Bajo respond to concrete 

expectations and thrive when given proper instruction.  Their independence simply 

means that such structure must be clearly presented, and the novelty of discipline 

means that adjustment might be a slow and difficult process.  If the school could find 

a way to incorporate the existing systems of knowledge transfer, such as learning by 

doing and the guidance of older children, perhaps lessons would be more effective. 

 

It is also important to bear in mind, however, that children most likely learn skills such 

as childcare and fishing with relative ease and willingness because they possess an 

immediate known applicability to their daily lives that the alphabet and counting may 

lack.  For a people still enmeshed in (or only recently emerging from) subsistence 

ethic, it is particularly important that all lessons are seen to be relevant.  Such 

systems have already been put in place to a certain extent in the alternative school, 

with lessons in more abstract concepts such as math being made tangible by 

counting shells and other materials the children are familiar with.  This notion is 

particularly important to keep in mind when considering conservation education.  It is 

both unrealistic and irrelevant to separate out the environment as a topic when the 

environment is already an essential part of Bajo daily life, particularly those who still 

rely on it for subsistence.  One must take a holistic view of the environment, and 
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incorporate it into every aspect of lessons much as the environment is involved in 

every aspect of Bajo life.   

 

The chief difficulty lies, however, in the fact that it is not environmental knowledge 

that is lacking, it is the understanding of a conservation ethic.  Previous student work 

has outlined a number of the roadblocks to conservation understanding, many of 

which date back to their historical egalitarian, nomadic lifestyle.  This study has 

confirmed that the same is the case with Bajo children.  In general, knowledge about 

the environment is extensive and detailed.  It tends, however, to be focused on the 

species and habitats that are made use of on a regular basis.  There seems to exist 

little, if any, awareness of the environment as a whole, and the connections between 

different habitats.  Education will be most effective if it can build off of children’s 

existing strengths, but fill in these gaps in knowledge.  In this case, that would mean 

perhaps designing activities that allowed children to showcase their knowledge of 

marine creatures, which boosts individual confidence and interest, and then build on 

this to incorporate ideas that will allow children to think in a more conservation-

minded manner.  Effective activities could make use of both the age gap in 

knowledge and the existing system of older children teaching younger ones by 

perhaps having older children present what they know about specific creatures to 

younger ones, then as a group playing games that would increase a knowledge of 

the connections between these creatures (perhaps creating food webs), and the 

habitats they live in (for example, placing creatures on a large map of the marine 

environment).   

 

Similarly, it is significant that while most conservation efforts focus on coral reefs, the 

vast majority of children interviewed had never been to the reef, and virtually none of 

those that had experienced it have ever looked under water with goggles, or 

otherwise experienced the reef from any perspective other than taking stock of the 

resources being removed from it.  Instead the most concern was shown for the sea 

grass, an area virtually all of the children had experienced.  This familiarity clearly 

has bred a deeper understanding and concern for this habitat than others.  As such, 

it would make sense for conservation education efforts in Sampela to start with and 

focus on this area the children are already connected to. 

 

Clearly the process of establishing an educational system in a marginal Bajo 

community is difficult, and incorporating elements of environmental education in a 

subsistence-minded community is even more so.  It is, however, necessary for the 
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preservation of the marine environment, and consequently the Bajo way of life, that 

some of their thinking changes to suit the lifestyle that they have now adapted.  

Education is the only effective means of accomplishing this.  For education to 

succeed it must take into account the existing systems of belief and work within that 

framework to building on existing knowledge.  The result will hopefully be a new 

generation of Bajo who understand the connected nature of the environment and 

realize the power that they hold to change both its future and their own. 

 

 

3.8. Marine Resource Use and Management 

3.8.1. The socio-economic impacts of agar farming on the island of 
  Kaledupa 
From the results that I have obtained so far, I have managed to produce a map of 

Kalidupa and Hoga which has the location of 81 different agar farmers farm locations 

from the 4 different villages that I went to, the map (figure A) shows that the majority 

for agar farms are very close together and near to the village that the farmers come 

from with the exception of the agar farmers from Buranga whom mostly grow their 

agar next to the island of Hoga. The agar farms appear to be very close together 

which is causing slight friction between the agar farmers and the local fishermen.   
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Agar farmers claim that there are few problems but a few have claimed that other 

agar farmers have taken over area that they farm, but this problem is usually solved 

between to 2 farmers that are at conflict without the help of the village camat or the 

police.  The way that this is solved by using a mufacat which is where 2 individuals 

will sit down with each other and discuss the problem in hand and how these 

problems will be solved.  In other cases fishermen have been forced out of areas 

because there are too many agar farms for them to continue fishing there.  In some 

cases fishermen usually net fishermen have cut lines of agar but if there is 

insignificant and the agar farmers will usually just repair the damage to the lines 

without informing the camat of the village or the police.  Sometimes the agar lines are 

cut by accident at night by speedboats that accidentally go into the agar farms 

offshore. 

 

The price of agar has changed over the last few years with a drop of about Rp1000 

on average over the last 5 years but there has not been a change in price since last 

year. 
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Another result that I have obtained is that the ages of the people involved in agar 

farming are very spread out indicating that it is not just young to middle aged men 

doing agar farming but all women and older men who I would have thought would still 

be using more traditional methods of making money such as fishing as they might be 

more reluctant to change to this new form of income.  The youngest person whom I 

interviewed that has their own seaweed farm was 17 and the oldest claimed to be 85 

but this may not be his real age as he looked much younger.  But because of the 

economic collapse this may have force a lot of the older population to start farming 

agar because of its high income compared to other sources of income that are 

available. 

 

Talking to the local agar farmers about the fluctuating prices of seaweed very few 

think that it is the amount of agar farmers that is affecting the average price of then 

agar, some interviewees claimed that because of the increase in middlemen and the 

increase in competition between them this is actually keeping the price constant or 

even increasing the price per dry kilogram of agar.  Because the middlemen want 

more profit and to obtain more profit they need to have more agar farmers selling 

agar to them they raise the price per kilogram of dry agar to persuade more agar 

farmers to sell to them but when other middlemen find out they also raise their prices 

to try and keep agar farmers.  But the local middlemen claim that the price of agar is 

in decline because the quality of the agar has decreased. 

 

Depending on where the agar is farmed there are different good and bad seasons in 

the different villages.  In Sombano the majority of seaweed farmers are still part time 

because the good season only lasts for a month and in the months from the good 

and the bad season it becomes unprofitable to grow seaweed in the area around 

Sombano. 

 

3.8.2. Co-management: a comparison of fisheries management between the 
communities of Sampela and Kaledupa 
 

Sampela is a Bajo sea-village established approximately 50 years ago when the first 

nomads settled on wooden pile housing constructed on the reef flats of the WMNP 

and is located just off the island of Kaledupa. The Bajo originally lived entirely on the 

coral reef habitat surrounding them for subsistence and livelihood, commonly 

referred to as “sea gypsies”. According to the Bajo community, the NFZ has been 
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successful in reducing the amount of fishing activities in local communities, there 

have been a high degree of compliance with this agreement, and very few 

infringements. It has raised awareness and involvement of local community in 

maintaining the marine resource. It also increased their acceptance of the ideology of 

fisheries management. Ideally successful enforcement would be based on ecological 

knowledge and the wish to protect resources, but when Bajo community have 

livelihoods based primarily on marine resources, there has to be some form of 

compensation. In other words, the enforcement of the NFZ was successful mainly 

due to an annual grant of Rp 12 million and village tax paid by Operation Wallacea to 

Sampela village. Although the money goes to the village account, they would invite 

all the community to suggest projects they want to happen in order to develop the 

village and improve their livelihoods. Biological data indicates that the fish stock has 

been increased in the NFZ and the surrounding areas. Some interviewees 

recognised this increase was due to the creation of a safe place for fish species to 

gather and spawn.  

 

In fact, most of the Bajo interviewees claimed that fish stocks are declining, and will 

probably continue to, but they are still catching fish and the market price has not 

fallen so their income is the same. They do not think this decrease is a problem, they 

think that fish stock can be replenished through prayers to sea spirits. Most of the 

Bajo community they do not really understand the concept of conservation, although 

evidence reflecting environmental deterioration is widespread, including a decrease 

in the number of fish caught, their size and diversity. Causes of these problems 

ranged from destructive fishing practices, the use of compressors and coral mining. 

The Bajo community recognise the need fisheries management, but the enforcement 

of fisheries co-management has been restricted by their previously nomadic 

existence, it had minimum internal organisation, lower level of education. They have 

a lack of understanding of government and difficulty in cooperation with outsiders due 

to their unique existence. 

 

The mainland Kaledupan community differs radically from Sampela as it is a land-

based community and has been set up for a longer time than Sampela. The structure 

of the community is more typical of mainstream Indonesia society with more service-

based jobs than Sampela, such as farmers, carpenters, and teachers. The education 

system provides greater access to different forms of media which would encourage 

higher levels of literacy then that of the Bajo community. This is likely to influence a 
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better understanding about environmental conservation and the sustainable use of 

marine resources. 

 

Ideally, the enforcement of the NFZ amongst the Kaledupan community should have 

a greater success than Bajo. In fact, there has been a low degree of compliance with 

this agreement. The problem of implementation is that there was a lack of 

socialisation from external bodies and local government on this site. Even today, 

there are individuals who still do not know where the NFZ is, and catch fish around 

the area everyday. Most of the Kaledupa interviewees do not really understand the 

reasons for the implementation of the NFZ and they disagree with this agreement.. 

Most communities think this is a protected area between Operation and Wallacea 

and Sampela, which is not their responsibility to enforce. Although they have 

benefited from the increase of fish in this NFZ and its surrounding areas, some think 

that the site should not be closed. As there is no financial incentive, many Kaledupan 

interviewees considered it unfair that the compensation money is only paid to 

Sampela village for development. Although the Kaledupan interviewees have many 

perceptions, ideas and suggestions about this NFZ, these are rarely expressed in 

public due to the strong hierarchical nature of government and the fact that only a 

few leaders have the real power to decide what to happen. Although Kaledupan 

interviewees’ knowledge of what causes decline is varied and incomplete, most know 

the use of destructive methods is understood as wrong. They think that the use of 

bomb, cyanide compressors destroys the coral reef. Most communities think fisheries 

management is not only the responsibility of the government and the park ranger, but 

also themselves. Although the Kaledupan community has a better understanding 

about sustainable use of marine resources, there is lack of enforcement from the 

external and local government, therefore fisheries management still can not be 

successfully achieved.  

 

Discussion 
The opinions, ideas, awareness of environmental concerns and conservation differ 

between the Sampela community and the Kaledupa community. Both of the 

communities lack the ability to effectively manage and enforce the protection of 

marine resources. Most communities think they have the responsibility to protect 

marine resources, and they are willing to join enforcement of fisheries management 

and give their own suggestions. However, any such management activity is clearly 

difficult to implement without financial incentives, socialisation and external bodies 

and local government enforcing the NFZ. Therefore, for community-based fisheries 
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management to be implemented, the government and park rangers need to assist 

the local community in raising their environmental awareness and improving their 

capacity to participate in marine resource management. In addition, the government 

should set up fisheries regulations that will assist the enforcement of fisheries 

management. In conclusion, local government, park rangers and all the communities 

should work together to share the responsibility of conservation in order to ensure the 

future enforcement of fisheries management. 

 

3.8.3. Current status and prospects for the sea cucumber fishery around 
Kaledupa 

 

Economic reliance: 

Interviews gave an indication of the percentage of peoples income that comes from 

selling sea cucumbers and how they would feel if the resource were to decline and 

they could no longer rely upon sea cucumbers for a source of income. On average, 

35% of peoples incomes came from sea cucumbers, with 53% indicating that it was 

their most important income source. 20% of respondents indicated that over 50% of 

their income came from sea cucumbers and 50% said they would fund it hard to find 

other incomes if they had to replace their money from sea cucumbers with something 

else. 43% of respondents indicated that they would be very worried if they suddenly 

lost their income from sea cucumbers. Overall incomes from sea cucumbers ranged 

from 10,000 Rp to a maximum of 180,000 Rp per week. Many respondents stressed 

the importance of luck involved in achieving this higher end of the income scale. 

Usually respondents incomes would vary from week to week. 

 

Perceptions of decline: 

The majority of respondents said that areas of decline in numbers of sea cucumbers 

has occurred in areas where they went gleaning. This indicated that there has 

probably been declines in all places where people go gleaning, in particular the areas 

closest to Sampela. 98% of respondents agreed that there are now less larger sized 

sea cucumbers than there were 5 years ago and respondents indicated that there 

has been approximately a 70% decline in actually numbers of individuals compared 

with 5 years ago. Focus groups confirmed these findings. In terms of perceptions of 

future abundance, 60% of respondents indicated that they think there will be less sea 

cucumbers in the future. 
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Focus groups also identified that the older generations of women are much more 

aware of the problems of over-exploiting the sea cucumber resources and are aware 

of the problems of collecting sea cucumbers that are very small and immature. 

However, as the younger generations do not seem to have an appreciation of this, 

this could be problematic in the future. 

 

Ecological aspects: 

Table 1 gives an overview of findings from transect surveys. The highest species 

diversity and abundance was found in the seagrass beds around Sampela, however 

these areas were also characteristic of smaller individuals in comparison with the 

other two sites. This is an indication of sea cucumber exploitation in areas closest to 

Sampela. This is backed through examining the differences between to two different 

Sampela sites. The one located closest to the village has a lower average size and 

abundance. The higher number of individuals recorded in the Sampela sites can be 

explained by the area being more favourable as a sea cucumber habitat. 

 

Site No. of species No. of individuals 
per 100m2 

Average size of 
individuals (cm) 

Sampela (near) 5 10 9 

Sampela (far) 6 15 11 

Hoga 4 3 15 

Langirra 4 10 15 
 

Catch surveys showed that the average size of sea cucumber caught from the 

seagrass beds surrounding Sampela was 9.6cm. This corresponds to the sizes found 

in the transects and also indicated that people do take the very small species. 

Observations revealed that it is mainly younger children who take the smallest sea 

cucumbers. This indicates that they are not aware they should not be collecting the 

immature individuals. Further analysis will be undertaken to determine whether the 

individuals being caught are mature of immature. If they are the later, future decline 

of the fishery is expected. 

 

Discussion 
The above results indicate that there is a high reliance on income from the sea 

cucumber fishery within the village and that numbers of sea cucumbers have 

declined in the past 5 years. It is not yet known whether numbers will continue to 

decrease without full analysis of the data, although it looks likely, as the catch 
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surveys revealed young children in particular will take the very smallest individuals 

from the seagrass beds. It is not clear whether these declines will continue to be 

concentrated around Sampela, or whether people will begin to concentrate effort in 

other areas. Areas very far from settlements such as Sampela for example are 

probably safe from over exploitation at the moment, as people are generally unwilling 

to travel further than outside the Kaledupa area to search for sea cucumbers. The 

other side of this however is that the Bajo’s dependence on these closest areas is 

very high as people do not have the means to travel much further away. It is 

proposed therefore that there is a need for management of the sea cucumber fishery 

in Sampela. 

 

Focus groups revealed that the women who collect sea cucumbers do realise that 

they are in decline and that they need to be conserved. This shows that management 

would be possible, as the problem of over-exploitation has been recognised in the 

community. Appropriate strategies identified are sea cucumber cultivation, education 

targeted at children to prevent them from taking the smaller sea cucumbers and 

possibly setting up no take zones for particular seasons. The later would have to 

involve some sort of compensation however, but women feel that the people of 

Sampela would comply with rules of no take zones.  

 

Conclusion 
The sea cucumber fishery of Sampela has experienced decline in recent years 

through a decrease in numbers available and sizes caught. The largest declines 

have been in areas nearest to Sampela due to ease of access. The levels of 

economic reliance on the fishery are high within Sampela with many people 

expressing worry over the future of the fishery. It is for these reasons that there is a 

need for management of the fishery. Several options are available for this including 

setting up no-take zones, breeding and finding ways to educate the children to limit 

the number of smaller individuals they will take. 

 

 

 


