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INTRODUCTION 
 

Sustainable management, through the creation of nature parks or protected areas are increasingly used to 

combat marine pressures with differing scales of success (Agardy et al. 2003, Agardy et al. 2011, Ban et al. 

2011, Fox et al. 2012). Furthermore, in the context of coral reefs, Marine Protected Areas (MPAs) have 

been used as tools to meet conservation objectives (Halpern and Warner 2002, Ban et al. 2012), however 

they have also been deemed as a false panacea (Hilborn et al. 2004, Kaiser 2005). Yet, the common trend 

in unsuccessful management programs is a result of insufficient stakeholders involvement during the 

planning process – for example; when socio-economic studies are brought in too late (Christie 2004). If we 

only measure management approaches based on ecological scales, then it is possible to have an 

ecologically successful area with a conflictive community and economic disparity leading to a withdrawn 

community (Christie and White 1997, Trist 1999, Sandersen and Koester 2000, Smith 2012). In contrast, 

when ecological and social assessments are successfully combined there is exceptional local and global 

take-up of the cause and long-term ecological sustainability. This is evident in the Wakatobi region of 

South-East Sulawesi Indonesia (McMellor and Smith 2013), and Apo Island in the Southern Phillipines  

(Alcala and Russ 2006). For most reefs in the Indo-Pacific and especially in the Coral Triangle region baseline 

ecological and social data has not been collected. Without such data, management actions are more 

difficult to implement. 

 

The Coral Triangle in Southeast Asia is home to 75% of known coral species and accounts for over half of 

the world’s reefs, as well as supporting an estimated 120million people. Indonesia is at the epicenter of it 

all. One particular area void of information regarding reef condition and fishing practices is in South East 

Sulawesi. This region has an estimated value of $1.6 billion (Cruz-Trinidad et al. 2014) particularly due to 

its high eco-tourism and high ecological value. The area is recognized primarily for its high global biological 

productivity and diversity (Geider et al. 2001). However, SE Sulawesi is subject to high impacts from 

anthropogenic activities (Clifton 2013, Hennige et al. 2013). This could result in projected loss of marine 

fisheries with figures as high as 20% fish catch decrease every year until 2055 (Cheung et al. 2010). The 

future of these communities therefore requires well designed & effective management plans (Satria et al. 

2006, Ferse et al. 2014). To do so, this ecologically focused monitoring program was implemented in 2015 

and designed to be carried out over several years to measure the rate of reef degradation. 

The island of Buton (where this study took place) is the most southerly point of mainland Sulawesi (Figure 

1) and for the most part, this region of South East Sulawesi remains understudied. Research in the area has 



focused on terrestrial ecology such as bird studies in the local rainforest of Labundo (Martin and Blackburn 

2014). Studies in the marine environment are either limited or non-existent. This research therefore 

documents novel information concerning marine resources in the region, namely the coral reef 

community’s structure. Due to the importance of reef services for the community of South East Sulawesi, 

baseline estimates of reef condition and yield will be vital information for future management programs. 

For the broader international scientific community, this research provides insight as to the function of coral 

reef resources in a data deficient area, contributing to the baseline data sets required for the Coral Triangle 

region. Insights resulting from the uniqueness of the South Buton community socially and ecologically will 

also likely offer new information regarding reef function and subsistence fishery management.  The overall 

goal is therefore to provide baseline ecological and social information for the South Buton coral reefs, 

which can be used by the community stakeholders to design and implement reef management plans. This 

is driven by the on-site organisation (OpWall) whose historical presence in the region has resulted in the 

creation of numerous nature parks and protected areas.   

 

This newly established monitoring program 

has set the platform from which many other 

studies will stem in the years to come.  

Predicted studies for the next year will 

include rocky shore ecology, artificial reefs, 

coral farms and a new social monitoring 

program (focusing on fishing practices). 

 

 

 

 

 

 

 

 

AIMS AND OBJECTIVES 

Figure 1: Site location of Buton Island in South East 
Sulawesi 

 
Topographic location map of Sulawesi. Created with SRTM 
from publicly released SRTM data – Sadalmelik 2007 

 

Location 



This research evaluated the ecological state of coral reefs in South Buton, Indonesia. The aim is to assess 

ecological state through community structure of the reef. Holistically, the study provided a baseline dataset 

for an ecological monitoring program and a future fisheries study in the region of South Buton, Indonesia. 

 

Reef condition was assessed through 4 islands in South Buton that represent the typical nature of reefs in 

the region (Bau Bau, Siompu, Pulau Ular, Kadatua). At each location the diversity, abundance and 

distribution of benthic, fish and invertebrate communities was documented with additional measurements 

on structural complexity. We hypothesize that reefs will have high diversity and abundance of coral reef 

organisms similar to reefs in the neighboring Wakatobi region (Clifton et al. 2013) 

 

Objective 1: Benthic Community 

Measure the composition, cover and distribution of reef benthos and particularly the structure and 

diversity of live coral and algae. 

 

Objective 2: Fish Community 

Measure the diversity, abundance and biomass of the reef associated fish community, with focus on critical 

functional groups such as herbivores and corallivores, and targeted fisheries species. 

 

Objective 3 Non coral invertebrate community 

Measure the diversity and abundance of key invertebrate groups, focusing on specific indicators of reef 

health. 

 

Objective 4: Reef structural complexity 

Evaluate and compare the topographic complexity of reefs. The scale used to determine these parameters 

is based on underwater diver visual assessment on a 0-5 measurement where 0 = no vertical relief and 5 = 

exceptionally complex with numerous caves and overhangs. 

 

 

 

 

 

 

METHOD 
 

Ecological condition of South Buton Reefs 



Surveys were carried out on 6 reefs across 4 nearby islands in South Buton (Bau Bau, Siompu, Pulau Ular, 

Kadatua); refer to figure 2 for clarification. These reefs represent a range in reef condition from pristine to 

moderately impacted reefs (pilot survey findings). Within the group, replication of typical reef zonation is 

included. 2 reefs are slowly sloping fringing reefs, 2 are moderately sloping with overhangs and 2 have 

sudden drop-offs (i.e. reef flat and walls, with no slope). At each site surveys were conducted along the 

reef flat (0-5m), reef crest (5-10m) and reef slope (10-18m). The surveys took place on 4 replicate 50m 

transects (covering over 200m of reef) at each depth and location. Belt transects (50m long x 5m high x 5m 

wide) were used to assess fish community indices, and 50m line-intercept transects to assess the benthos.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Stereo-video surveys were used to survey fish community biomass indices. Furthermore benthic surveys 

were filmed for post dive analyses and followed by in-situ documentation of invertebrates, and indices of 

reef pressure (e.g. COTS, evidence of fishing, evidence of widespread coral bleaching and / or disease). 

Reef structural complexity was assessed visually on a scale of 0-5, (as per Polunin and Roberts 1993): 0 = 

no vertical relief, 1 = low and sparse relief, 2= low but widespread relief, 3 = moderately complex, 4 = very 

complex with numerous fissures and caves, 5 = exceptionally complex with numerous caves and overhangs.  

 

Figure 2: South Buton map depicting reef location (Marked X) created with Adobe Photoshop 
through trace and google maps. Dotted lines represent reef crest.   
 



The benthic variables include the abundance and diversity of: scleractinian corals, soft corals, sponges, 

dead coral, macroalgae, turfing algae, rubble, followed by major invertebrate groups (Molluscs, 

Echinoderms, Crustaceans) and key predatory species (Acanthaster planci and Drupella). Live benthic 

organisms is identified to genus and, where possible, species level. Furthermore, the Fish community was 

surveyed to species and family level, and categorized into major functional groups providing data regarding 

abundance, diversity and biomass. Holistically, this data was used to determine indices of reef condition. 

This will allow comparison to other reefs in the region, specifically those in the Wakatobi area (Crabbe and 

Smith 2002). The indices include abundance, diversity, and complexity measures of all key reef organisms. 

 

Equipment:  

Benthic and Fish surveys carried out using Stereo 

Video (SV) equipment  (Figure 3). SV equipment is 

being used because it is quick, efficient, allows 

comparison among multiple surveys and surveyors 

with very low error estimates (mean error using SVS: 

0.6cm,compared to mean error using UVC: 2.3cm 

(Harvey et al. 2001)). In addition SV provides an 

excellent archive of video data for long-term 

monitoring assessments.  

 

SV surveys work by using two cameras operating independently, mounted on plates at fixed angles, 

ensuring correct alignment is maintained throughout the dive. A diode in the centre of the apparatus helps 

synchronize the two images during later computer analysis.  SV surveys were swum at a speed of 

approximately 50m/8min, following specific recommendations of Dominic Andradi-Brown; whose studies 

have shown no significant differences in the surveys when transects are swam at 50m/2min and 

50m/10min (Andradi-Brown et al. 2013). 

After the footage is taken and extracted, 3D measurement software (EvenMeausre: SeaGIS) is used to 

collate the desired data. The software allows designations of transect boundaries (i.e. 5m width) and fish 

length (Standard length) and gives error estimates on all measurements. For each transect, the software is 

used to record these specific factors: Fish spp. ID (all reef fish), abundance and length. All measurements 

within video frames are extracted and stored electronically in database format. Fish biomass estimates for 

Figure 3: Stereo-video apparatus uses two 
cameras mounted on either side of a metallic 
bar with a central diode extending in front of 
the cameras used to synchronize the video 
footage during analysis. Img. from OpWall Cayos 
2011 report 

 



herbivores and other keystone species (such as reef health indicators; ex. Elasmobranchs) are then be 

extrapolated using species-specific weight constants from Fish Base (Froese and Pauly 2000). 

 

 

RESULTS 
 
Habitat quality 
 
Figure 1. Comparison between the percentage cover of 3 benthic compositions (abiotic cover, other live 

cover and coral cover) amongst 6 monitoring sites (Pampanga, Nirwana, Moko, Kadatua, Snake Island and 

Siompu) along the reef crest. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In all but one case there was higher abundance of both aggregate live and coral cover recorded during 2015 

on reef crests (Nirwana 75% live and coral cover compared to 19% Snake Island abiotic cover). Similarly, 

amongst most surveyed reefs, coral cover records fell within 35 – 60% showing a predominantly healthy 

reef. Across all sites there was a predominantly high coral cover from Acropora species with a relatively 

high abundance amongst Moko reef; 65±5.3% Acropora – Branching. The sites of Nirwana records show 

highest abiotic cover (predominantly sand – 56±6.9%) with small intervals of potential reef connectivity.  
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Figure 2. Mean number of 10 important reef invertebrate species encountered per transect amongst 6 

monitoring sites (Pampanga, Nirwana, Moko, Kadatua, Snake Island and Siompu) along the reef crest. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Across all sites urchin community structure was most prominent with average counts of ≤8 per transect 

along the reef crest. However, this is exponentially higher along the reef flats where average counts have 

reached peaks of <40 in a single transect. This is highly correlated to algal cover for the same transects.  

 
Crown of thorns abundance showed no correlation to percentage of coral cover and findings where 

sporadic with low to no findings amongst most sites. This is also true for its predatory species the Triton of 

which mean average counts where low or negligible (i.e. 0 = across 4 of 6 sites).  

 
Mean sea cucumber counts did show significant relation to abiotic covers (p = 0.013) across all sites. This 

was also true when compared to structural complexity values (refer to figure 3.4) whereby less complex 

reefs hosted the highest sea cucumber counts.  

 



Fish assemblage 

 

Figure 3.  Relative abundance of the trophic guilds of the fish community associated with 6 coral reefs 

(Pampanga, Nirwana, Moko, Kadatua, Snake Island and Siompu) of South Buton (2015 data). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Using available datasets from Fish base, length-weight relationships are measured to produce 

biomass indices. This is shown through the relative biomass of the different trophic guilds. Across 

sites, where disturbances (i.e. fishing practices) are stable or low the dominant species of large size 

and longevity (K-strategists) have greatest biomass indices and low abundance. There are also r-

strategy species, with a low biomass contribution. However, upon a disturbance event, K-strategy 

species are not favored and the more opportunistic r-strategy species proliferate as evident of high 

biomass indices in Pampanga from Chaetodontidae; herbivorous populations. 

 

Continuous disturbance of Benthic composition through fishing practices have led to phase shifts 

whereby algal cover has risen (covers 12±4%) and in consequence is reflective of Herbivorous 

biomass indices. This relation can be seen across all sites; 
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Data statistical analyses for 2015 expedition are currently undergoing and as such, no results are 

available at this moment. However, the above graphs represent some of the preliminary analysis 

conducted on site and are not to be interpreted as final conclusive data. 

 
 
DISCUSSION 

 

The Hard Coral cover for five of the six sites showed covers of 50% to 85% indicating a healthy reef 

ecosystem. The low coral cover of one site (Nirwana reef) suggests an anthropogenic impact (or 

impacts) are responsible as all reefs in the region are subject to similar environmental conditions. 

Nirwanas’ reef proximity to the highly visited Nirwana Pantai beach is predicted to be the cause for 

its low coral cover. Visitors from the nearby towns or cities as well as high maritime traffic have had 

negative anthropogenic impacts. High human activity indirectly affects the reef through the 
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inclusion of marine debris (in the form of plastics and waste) and by disruption of the benthos 

(through human traffic on the beach) (Rogers 1990). However, a lack of structural complexity 

observed in Nirwana reef may also contribute to the low abundance of fish and Invertebrate 

community (Rogers et al. 2014).  

 

Observational research through weekly trips to the beach for a collaborative clean up effort 

involving local university students demonstrates a poor understanding by the local community 

regarding the effect waste has on the coral reef. Efforts to clean up this waste are small and scarce 

and have minimal local governmental involvement. Video evidence of plastics and other 

contaminants on the reef will become available after data analysis. In regards to human traffic and 

the disruption of the benthos, preliminary observations demonstrate the topography of the sandy 

coral reef could potentially be inhabited by sea grass species and thereby provide refuge for fish, 

invertebrates and marine mammals (Edinger et al. 1998, Nagelkerken et al. 2002). In addition, Sea 

grasses along Nirwana reefs flat would provide sediment stabilization that in turn would protect 

coral colonies (Christianen et al. 2013). 

 

Evidence of destructive fishing practices are carried out within the area as evidence of such can be 

witnessed during recreational dives in the form of coral rubble or loud noises. These practices are 

targeting fish communities and have repercussions on fish biomass indices. Primarily abundance 

and diversity indices are lowered. Furthermore, Phase shifts in the coral reef community structure 

may emerge leading to even further abundance and diversity indices drops (Edinger et al. 1998). 

These explosions where distant to the study sites, however, it remains possible that post OpWall 

season; fishermen target these reefs at other times of the year. Nevertheless, preliminary data 

analysis showing low fish abundance levels can also be as an indirect effect to coral disease, mining 

and anchor damage (Komyakova et al. 2013). The high levels of coral cover may dispute this 

alternative. The diversity of reef fish remains unidentified; nonetheless observations suggest lower 

values than those in the nearby National Park “The Wakatobi”. 

 

Urchin populations (Diadema antillarum) is an important individual for the ecology of reef 

ecosystems. They feed on macro algae (seaweed), and thereby help ensure coral dominate the 

benthic community, keeping reefs healthy and avoid shift changes to algal dominated reefs. This 

population appears stable across reefs in South Buton, but with on going pressures (ie. from land 



runoff), we may experience an increase. In which case, population dynamics of urchins are an 

important barrier to an algal dominated reef change.  

 

The community of South Buton may also give insight regarding its approach to the reef. Fishermen 

from the islands of Kadatua and Siompu have lower access to amenities such as supermarkets or 

grocery stores. This would suggest a higher dependence on the reef from fishermen located in 

Kadatua and Siompu thereby higher interaction. Studies would suggest this result in a more 

degraded reef. However, the data collected indicates the reefs away from the mainland (where 

convenience stores are more prominent) are in better condition. Further and more in depth studies 

need to be carried out to understand what drivers are degrading the reefs. Reef dependence and 

livelihood may not be as closely linked as studies have originally suggested. 
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