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Abstrak

Kolonisasi Komunitas Karang di Cagar Alam Laut Krakatau, Indonesia

Pulau-pulau Krakatau memiliki dinamika secara geomorfologi, dan berbagai perubahan fisik yang berlangsung memberikan dampak terhadap biota, termasuk pada proses dan tingkat pergantian suksesi komunitasnya. Tujuan penelitian ini untuk menjelaskan kondisi terkini dan proses kolonisasi komunitas karang, termasuk status kerusakan komunitas karang dan disturbansi lingkungan yang mempengaruhinya. Line intercept transect dilakukan di enam stasiun pada dua kedalaman yang berbeda yakni 5 dan 10m. Sedangkan observasi terhadap komunitas koral dilakukan dengan perekaman video. Hasil penelitian ini menunjukkan bahwa suksesi atau perkembangan komunitas (i.e. kolonisasi) karang yang dijumpai di Pulau Anak Krakatau masih mengindikasikan tahap awal kolonisasi, berbeda dengan komunitas karang yang dijumpai di Pulau Rakata dan Panjang. Diversifikasi komunitas karang di kedua pulau tersebut, menunjukkan dominansi spesies oportunis dan pioner (i.e. Pocillopora dan Seriatopora) yang umum dijumpai di Anak Krakatau sudah tergantikan. Dominansi dari beberapa spesies karang telah mengindikasikan terjadinya proses eksklusi kompetitif di antara komunitas karang. Tiga tipe komunitas karang yang dijumpai dapat dibedakan menurut karakteristik masing-masing kawasan, yaitu komunitas kawasan terpapar, semi terpapar/terlindung, dan terlindung. Kerusakan komunitas karang di Krakatau berdasarkan kriteria indeks kerusakan karang (CDI) sudah termasuk kedalam kategori wilayah “hot spot”, dimana sangat memerlukan perhatian, pengawasan, pengamatan atau restorasi komunitas karang. Hasil penelitian ini memberikan gambaran bahwa terjadinya kolonisasi dan tingkat kerusakan komunitas karang perlu menjadi acuan dalam pengelolaan kawasan terumbu karang di Cagar Alam Laut Krakatau.
Kata kunci: kolonisasi, suksesi; komunitas karang; pengelolaan; Krakatau
Abstract

Krakatau Islands diversity is geomorphologically dynamic, and these physical changes influence on organisms including community successional. The purposes of this research were to determine the condition and describe the recent colonization development of coral communities in the Krakatau Islands after sterilization. Transects were done at six stations at two different depth (i.e. 5 and 10 m) using line intercept transect. While  observations of coral communities were done with video transect. This study showed that succession or development of coral communities (i.e. colonization) that found in Anak Krakatau indicated earlier stage of colonization. It has different coral communities compared with those that found in Rakata and Panjang island. The diversification of coral communities on both islands, showed that opportunistic and pioneer species (i.e. Pocillopora and Seriatopora) that generally found in Anak Krakatau has been replaced. There are indications of dominance may already take place through competitive exclusion in the coral communities. Three community types were distinguished based on characteristics for each sites, as follows: communities of wave-exposed habitats, communities of semi- exposed to sheltered habitats, and communities of sheltered habitats. The extent of coral damage covered all six sites based on coral damage index (CDI). This suggests that of the all transects were "hot spots'' that required management action. These results indicate that colonization and the level of coral damage have to be taken into account on the manegement of coral ecosystem in the region.
Keywords: colonization; succession; coral communities; management; Krakatau 

Introduction
The eruption and near-total destruction of the volcano Krakatau on the 26 – 28 August 1883 was completely exterminating all ecosystems life in the Krakatau Islands and surrounding area (i.e. Sebesi, Sebuku and Legundi). After three months of minor activity, that catastrophic eruption destroyed over two thirds of Krakatau, only a fraction of Rakata remaining. Within 18 h, the eruption deposited ca. 14 km3 of volcanic material subaqueously within a 15 km radius of the island (Mandeville et al., 1996). Submarine pyroclastic flows (an unsorted mixture of hot gases, ash, pumice and other volcanic materials) deposited at a temperature of 475–55OC (Sigurdsson et al., 1991) to an average thickness of 20 m (Mandeville et al., 1996. The islands diversity is geomorphologically dynamic, and the effects of physical changes on the biota, and on the rate of successional turnover, are considerable interesting. In addition, the islands discrete, definable, tropical biota provides a rare opportunity for ecological studies, particularly of communities interactions that has develop in this area. 

The recovery of terrestrial communities on Krakatau is well documented Simkin and Fiske 1983()
. However, its marine ecosystems have been largely ignored until recent years 
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(Barber et al., 2002)
. After the disaster, C.P. Sluiter, who paid a short visit to Krakatau in November 1888 and July 1889, turned all his attention to the problem of the new growth of corals around the devastated island. Sluiter was also on Krakatau before the disaster, namely in 1880, at which time narrow coral reefs were to be found at different localities, but during the eruption of 1883 all these were destroyed or covered by a layer of pumicestone and ashes as thick as 20 m and more Dammerman, 1922()
. In 1888 there was already a new reef growing in the bay of Zwarte Hoek (Black Hillock, see Map Fig. 1) Sluiter, 1890()
. Also at the west side of Zwarte Hoek a fringing reef existed of 1 m in breadth and 2 dm in thickness, built up by Madrepora nobilis (DANA) and a few Porites micronata and Favia affinis Dammerman, 1922()
.

In 1889 this reef, for the greater part, was destroyed again by blocks of basalt which fell from the steep rocks at this end of the island. In the bay big pumicestones were found grown over by corals (Madrepora and Porites); and Seriatopora elegans was observed forming "schonganze Korallen-wäldchen". Compact corals (e.g. Fungia, Astrea) were not represented, but the other corals were growing over the whole bay, and Sluiter expected that it would be filled up by the coral reef simultaneously, and that later on a barrier reef would arise which would increase at the ocean side Dammerman, 1922()
.

In April 1921 K.W. Dammerman and H. Boschma, had an opportunity to search after these coral formations at Zwarte Hoek, but none of the coral species mentioned by Sluiter could be retraced and in the bay no corals existed, apparently the oceanbreakers having destroyed all again Dammerman, 1922()
. Also a 1929 resurvey of the same site by Umbgrove (1947) in Tomascik et al. (1997)
 showed that none of the corals recorded by Sluiter were present, and that the area in general was devoid of reef growth and corals. Umbgrove attributed this to unfavorable environmental conditions and unstable substrate. According to Dammerman 1922()
, at the west side of Zwarte Hoek the former coral reef must have disappeared altogether because the coastline here has changed very much. A big piece of land built up during the eruption of pumicestones and ashes has been washed away, the full ocean swelling breaking on the coast at this point of the island. But at the northern end of Krakatau, however, they found corals growing on the blocks of basalt at the foot of the steep rocks. Porites, Madrepora and the ramified Pocillopora of dark rose color were observed at this place by them.

One hundred years after catastrophic eruption, reef development in the former Krakatau area is marginal. Salm et al. (1982) in Tomascik et al. 1997()
 in 1981 provided a qualitative estimate of coral species richness at 10 widely spaced locations. Based on these surveys, it seems that Krakatau, as a region, has relatively diverse assemblage of scleractinian corals belonging to 62 genera represented by 97 species. However, at a local (i.e. reef site) scale the reefs are generally impoverished. The average species richness per location was only 48,6 (SD±9,2) scleractinian species, while the average generic richness was 33,4 (SD±7,4) genera. This pattern seems reflect high habitat heterogeneity within the area (100 km2). Sukarno and Suharsono 1983()
 identified about 213 scleractinian spesies have been recorded from the various islands in Sunda Strait and Lampung Bay, but only one location was sampled in Krakatau Islands southwest of Sertung. Tomascik et al. 1997()
 mentioned it not much is known (quantitatively or qualitatively) about the current status of Krakatau scleractinian coral communities, especially after the recent activity of Anak Krakatau that has already claimed a number of lives. Based on Tomascik et al. 1997()
 observation, the sceleractinian diversity along the southwest coast of Panjang is relatively high. More recent reference that describe about corals in Krakatau is surveyed by Widiastuti 2002()
 in 2001. She found the   coral   species   richness   at   these   area   was 
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Figure 1. Study location and six sampling site where the coral communities were collected

decreased to only 43 species of scleractinian, that representing 17 genera, and 5 genera of octocorallia. 
Based on the references, description of coral community’s colonization was not quite clear. The research with more detail about coral communities within more relevant techniques is required for explain colonization of Krakatau Islands by coral animals. The purposes of this research were to determine the condition and describe the colonization development of coral communities in the Krakatau Islands after total destruction, including disturbances from natural environment. Benefit was to provide amount recent information of composition, distribution, and structure of coral communities in the Krakatau Islands. Also for explain the extent of coral damage, and the implications for management of coral reefs in the Krakatau Strict Nature Reserve.

Materials and Methods
This research was conducted in the coastal areas of Krakatau Islands in the Sunda Strait, Indonesia (06° 03' 15" S - 06° 10' 30" and 105° 21' 15"- 105° 25' 16,5" BT). Six observation stations were based on purposive sampling method which includes two depth gradations (i.e. 5 and 10 m) for each site (Figure 1), but only Station 1 (Anak Krakatau), 2 and 4 (Rakata Island) that have coral communities at 10 m depth. Each station location was recorded with GPS data (GPS Garmin GPSmap 76CSx) at the mooring location of the boat. Field survey has been made on 31 December 2012 - 6 January 2013. 

Sampling methods

Utilizing a 100 meter transect line (i.e. line intercept transect), observations of coral communities were done with video transect technique Hill and Wilkinson, 2004()
. Photographs and video records were taken with an Olympus  TG-1 camera and underwater housing PT-053 at each site. Classification of coral communities following lifeform category by English et al. 1994()
, and coral generic identifications based on guidance from Fabricius and Alderslade 2001()
, Suharsono 2010()
, and Veron and Stafford-Smith 2011()
. 
Data processing

Coral generic richness (S) counted from numbers of coral colony were found along transects. Biodiversity of coral communities were presented as percent cover (pc) English et al., 1994()
 and indexes of biodiversity. Biodiversity indexes were calculated from Shannon diversity (H’) and evenness (e) index to describe the generic diversity and equitability. Where, Simpson dominance index (D) was calculation form for indicate the domination between coral communities. Damage of corals was calculated using mortality index (CMI) Gomez et al., 1994()
 and damage index (CDI) Jameson et al., 1999()
.

Statistical analysis

Agglomerative Hierarchical Clustering (AHC) analysis with XLSTAT 2013 (demo version) was used to see the structure of coral community in the Krakatau Islands. This test for exposure-related similarities involved a hierarchical cluster analysis based on Sorensen (Bray-Curtis) distance and flexible beta (β= -0.25) linkage function. “Flexible beta with β= -0.25 is a space-conserving method that avoids distortion and has less propensity to chain” Reese et al., 2005(; Hannak et al., 2011)
. 
Analysis of variance (ANOVA) was calculated to determine significant difference between variable. Colonization of coral communities interpreted descriptively based on the results. Spatial description of coral communities between sites is the only way to describe colonization stage differentiations in these areas. Comparison has been made between two locations where suspected as the source region after the primary sterilization caused by 1883 eruption (i.e. Rakata and Panjang Island) and the second location is on the Anak Krakatau Island, which was observed as a reference for the newest establishment of corals communities after born in 1930. Comparisons were made based on descriptive statistics.

Result and Discussion
Biodiversity of coral communities

Scleractinian corals were found about 29 genera from 13 families, including one genus of Millepora (Hydrozoa: Milleporiidae). Where, the octocorallia were found about seven genera from four families, such as Alcyoniidae, Ellisellidae, Xeniidae, and only Neptheiidae that found qualitatively in the intertidal areas of Anak Krakatau (see Table 1). Percent covers of scleractinian corals (i.e. acropora and non-acropora, exclude millepora) are fair in average (35%) (see Table 2). A good conditions found at 5 m depth of Station 4 (53 %), fair conditions found at 10 m depth of Station 1 (34%) and 4 (36%), and at 5 m depth of Station 2 (25%), 3 (47%), 5 (47%) and 6 (28%), and poor conditions found at 10 m depth of Station 2 (9%). 

Generic diversity index of scleractinian corals on each sites approximately about 0.329 to 0.825, which the highest value found at Station 4 on 5 m depth and the lower value found at Station 2 on 10 m depth. Evenness index showed that the lowest value found at Station 3 and 5 on 5 m depth which are about 0.423 and 0.426, respectively. Where, the highest domination value of scleractinian genera was found at Station 3 on 5 m depth (0.580), and the rest of station have lower value which was about 0.204 - 0.480 (Table 2.).
Coral community structure

AHC was done by comparison of coral communities groups based on their lifeforms, such as, branching (ACB, CB), encrusting (CE), foliose (CF), massive (CM), free-living (CMR), sub-massive (ACS, CS), tabulate (ACT), millepora (CME), and the soft corals which are separated by their family, such as, Xeniidae, Alcyoniidae, and Ellisellidae. Also, other components like macro algae, sponge, etc.
Dendrogram represented three cluster from eight transect points. Figure 2 indicated three major groups of the sites. This subdivision reflects three different types of coral community which are referred as cluster 1, 2, and 3 communities, respectively. Cluster 1 in the high wave energy areas, cluster 2 in semi exposed to sheltered habitats, and cluster 3 in sheltered habitats.

Table 1.
Qualitative distribution of scleractinian and non-scleractinian corals in the Krakatau Islands based on presence (+) and absence () data from Anak Krakatau (St 1), Rakata (St 2, 3, and 4), and Panjang (St 5 and 6). 

	TAXA (number)
	Study site

	
	St 1
	St 2
	St 3
	St 4
	St 5
	St 6

	SCLERACTINIA (12)
	
	
	
	
	
	

	Acroporidae (3)
	
	
	
	
	
	

	Acropora spp.
	+
	+
	
	+
	+
	+

	Astreopora sp.
	
	+
	
	
	
	

	Montipora spp.
	
	+
	+
	+
	+
	+

	Agariciidae (1)
	
	
	
	
	
	

	Pavona sp.
	
	+
	
	+
	
	

	Dendrophylliidae (1)
	
	
	
	
	
	

	Turbinaria sp.
	+
	
	
	+
	
	+

	Euphyllidae (1)
	
	
	
	
	
	

	Euphyllia sp.
	+
	
	
	+
	
	


Table 2.
Qualitative distribution of scleractinian and non-scleractinian corals in the Krakatau Islands based on presence (+) and absence () data from Anak Krakatau (St 1), Rakata (St 2, 3, and 4), and Panjang (St 5 and 6). 
	TAXA (number)
	Study site

	
	St 1
	St 2
	St 3
	St 4
	St 5
	St 6

	Cyphastrea sp.
	
	+
	
	
	
	+

	Echinopora spp.
	
	
	
	+
	
	+

	Favia spp.
	
	
	
	
	+
	

	Favites spp.
	
	+
	
	
	+
	

	Goniastrea spp.
	
	+
	+
	+
	+
	+

	Montastrea sp.
	
	+
	+
	
	
	+

	Fungiidae (6)
	
	
	
	
	
	

	Ctenactis sp.
	
	
	
	+
	
	

	Cycloseris sp.
	
	+
	
	
	
	

	Fungia spp.
	+
	+
	+
	+
	
	

	Halomitra sp.
	
	
	
	+
	
	+

	Heliofungia sp.
	
	
	
	+
	
	

	Sandalolitha sp.
	+
	+
	
	+
	
	+

	Merulinidae (1)
	
	
	
	
	
	

	Hydnophora sp.
	
	+
	
	+
	
	+

	Moseleya (1)
	
	
	
	
	
	

	Oulophyllia sp.
	
	
	
	
	+
	+

	Mussidae (1)
	
	
	
	
	
	

	Lobophyllia spp.
	
	+
	
	
	
	+

	Pocilloporidae (3)
	
	
	
	
	
	

	Pocillopora spp.
	+
	+
	
	+
	+
	+

	Seriatopora sp.
	+
	
	
	+
	
	

	Stylophora sp.
	
	
	
	
	
	+

	Poritidae (3)
	
	
	
	
	
	

	Alveopora sp.
	
	+
	
	+
	
	

	Goniopora spp.
	
	+
	
	
	
	+

	Porites spp.
	+
	+
	+
	+
	+
	+

	Sidesrastreiidae (1)
	
	
	
	
	
	

	Psammocora spp.
	
	
	
	+
	
	

	HYDROZOA (1)
	
	
	
	
	
	

	Milleporidae (1)
	
	
	
	
	
	

	Millepora spp.
	+
	+
	+
	+
	+
	

	ALCYONACEA (4)
	
	
	
	
	
	

	Alcyoniidae (4)
	
	
	
	
	
	

	Cladiela sp.
	
	
	+
	
	
	+

	Lobophytum sp.
	
	
	+
	
	+
	

	Sarcophyton sp.
	
	
	+
	
	+
	+

	Sinularia spp.
	
	
	+
	
	+
	+

	Neptheiidae (1)
	
	
	
	
	
	

	Nepthea sp.
	+
	
	
	
	
	

	Ellisellidae (1)
	
	
	
	
	
	

	Junceella sp.
	
	+
	
	
	
	

	Xeniidae (1)
	
	
	
	
	
	

	Xenia sp.
	
	
	
	+
	
	

	ACTINIRIA (1)
	
	
	
	
	
	

	Stichodactylidae (1)
	
	
	
	
	
	

	Heteractis sp.
	
	
	+
	+
	
	+

	Total no. of generic
	10
	19
	11
	21
	12
	19


Descriptions for each cluster are based on centroid value that explains distribution frequency of coral communities group (Figure 3).  
Table 3.
Coral generic richness (S), percent cover (Pc), diversity (H’), evenness (e), and dominance (D) index of coral sessile communities (Scleractinia) on each site in Krakatau. 
	Site (depth – m)
	S
	Pc (%)
	H’
	e
	D

	St 1 (10)
	9
	34
	0.806
	0.845
	0.204

	St 2 (5)
	14
	25
	0.645
	0.563
	0.365

	St 2 (10)
	10
	9
	0.726
	0.726
	0.282

	St 3 (5)
	6
	47
	0.329
	0.423
	0.580

	St 4 (5)
	16
	53
	0.825
	0.685
	0.217

	St 4 (10)
	14
	36
	0.753
	0.657
	0.268

	St 5 (5)
	9
	47
	0.426
	0.447
	0.480

	St 6 (5)
	17
	28
	0.822
	0.668
	0.262

	Mean
	-
	35
	0.667
	0.627
	0.332

	SD
	-
	13
	0.177
	0.133
	0.125


Colonization of coral communities

The longevity of coral reef communities caused the coral reef studies have dealt directly with long-term dynamic processes. Grigg and Maragos 1974()
 have studied with unique method in the Hawaiian Islands, on the big island of Hawaii. The special conditions of the islands allow partial circumvention of these problems. The presence of historic lava flows that have entered the sea provide dated submarine surfaces on which it is possible to measure recolonization of benthic communities. On their paper, they estimated the recovery time for recolonization was given, and the pattern of succession, with respect to diversity, was described.

Coral reefs on Krakatau are growing on the volcanic island in the middle of Sunda Strait. Although, most of Krakatau Island has been lost in the bottom of the sea due massive eruption in the 1883, formation of coral atoll and barrier reef here does not formed, but it grew back as fringing reef in a few part of coastal sites on Krakatau volcanic complex. Develop without lagoon, reef crest, reef rampart or moat, and in some locations reef flat come to the surface during low tide in the intertidal area. The common genera of hard corals (i.e. Scleractinia) are found in average of eight transect observations, such as Porites (11,252±9,288%), Montipora (7,426±9,882%), Acropora (6,975± 8,309%), Millepora (3,069±2,359%), Pocillopora (2.069±4.290%), Fungia (1,219±1,836%), and Echinopora (1,000±1,698%) (Figure 4). This condition is quite similar with the Hawaiian Islands, where according to Grigg 1983()
 coral community structure in most of the southwestern region of the survey stations in the Hawaiian Islands is of massive Porites lobata, where the abundance of which varies between the stations of some types of coral Porites compressa, Acropora chyterea, Montipora verrucosa, Porites meandrina, and Pocillopora duerdeni.

Different conditions with these results are the study by Tomascik et al. 1996()
 in the Banda Islands, Maluku. In the terms of colony abundance, Acropora, branching Pocillopora, encrusting Montipora and Porites colonies were the most successful colonizers species at Banda Islands, respectively. Tomascik et al. 1996()
 provided evidence for rapid coral colonization rates (five years) of a sheltered andesitic lava flow in terms of species diversity, abundance, and cover as well as rapid coral growth rates following the 1988 eruption. Those results are in contrast to the Krakatau (this study) and Hawaiian study Grigg and Maragos, 1974()
, mainly because of differences in the frequency of disturbance by heavy seas, differences in lava type (i.e. Hawaiian lavas are basaltic, Banda and Krakatau lava are andesitic), biogeographic setting, the diversity of the local and regional species pool, and growth rates of constituent species (Acropora is not present at the Hawaii Islands in 1974 Grigg and Maragos, 1974()
, but based on Grigg 1983()
, Acropora already colonized).

The evidence by Tomascik et al. 1996()
 is supporting the results for the youngest corals colonization, both in Krakatau and Hawaiian Islands. On the youngest flow of Hawaii at Kealakomo (1.6 years), three species were present (i.e. Pocillopora meandrina, Porites lobata, and Porites compressa), compared to seven on the control reef. On the transect on the flow, P. meandrina accounted for 87% of the colonies and 90% of the total coral cover, suggesting that under conditions at Kealakoma this is the most successful colonizing coral species (Grigg and Maragos, 1974). Whereas, at the station of Anak Krakatau (17 years), genus Pocillopora (i.e. Pocillopora eydouxi and Pocillopora kelleheri) dominates among other coral colonies about 12% from 34% coral covers. Pocillopora was also found to be a pioneer "species" on the Great Barrier Reef Connell, 1978()
. Species with high rates of recruitment on the lava flows were the most common species in surrounding areas. 
Stagnant conditions allegedly only found in Sertung Island, where in 1985 (i.e. 100 years after the eruption of 1883) Sukarno and Suharsono 1983()
 conducted a survey of coral reefs and found the percentage of live coral cover only about 1.10 %. Furthermore, Bakosurtanal 
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(2007)
 in 2006 (i.e. two decades later) observed in the same site, and  found 
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Figure 2. 
Dendrogram cluster of eight transect from six observation site. Agglomerative Hierarchical Clustering (AHC) analysis based on Sorensen distance (Bray-Curtis) and flexible linkage function (β = -0.25). Cluster 1 (St 1 at 10 m depth, St 2 at 5 and 10 m depth), cluster 2 (St 3, 5 and 6 at 5 m depth), Cluster 3 (St 4 at 5 and 10 m depth).
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Figure 3. Frequency (%) of each AHC variables analysis based on distribution of centroid value on each cluster.
Note :  
[image: image4] = Cluster 1, 
[image: image5] = Cluster 2, 
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the live coral cover about 1.37%. This is suggested that coral reefs in the Sertung Island experiencing unfavorable conditions or no support for its growth. However, Bakosurtanal also found other benthic biota cover (OT) in relatively high (36.78%), allegedly from the group like sponges and ascidians which also common in Station 1 and 2.

Ecological relationship

A significant difference was found between general lifeform such as AC, NA, and SC, in term of live cover. Live cover of octocorallian (SC) are higher than scleractinian (AC and NA), are about 10.858% (SD±9.610), 3.993% (SD±1.998), and 4.747% (SD ±2.179), respectively. This is indicated that competition has happen, both on intraspecific and interspecific. According to Chadwik and Morrow 
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(2011)
 competition among sessile organisms is a major process on coral reefs, and is becoming more important as anthropogenic disturbances cause shifts in dominance to non-reef builders (e.g. macroalgae, soft corals, ascidians, and corallimorpharians). Competition impacts the recruitment, growth, and mortality of sessile reef organisms and alters their population dynamics.

Indications that show a change in the dominance of non-reef building biota due to competition, found at Stations 1 and 2. Where, the other components (i.e. SP, AA and OT) are found higher in those sites, about 7.550% and 10.330%, respectively. This component is more dominated by OT (i.e. other organisms), where most are a zoanthid, which is suspected from genera of Palythoa. According to Wallace 2008()
, Colonies of zoanthids (e.g.  in Palythoa species) may grow attached to the substratum by a broad colony base and many are epizoic, often using specific animal species, worm tubes (e.g. Acrozoanthus australis), sponges, gorgonians and numerous other organisms as an attachment surface. Zoanthids can be abundant occupiers of space, sometimes when this is made available by bleaching or other damage to corals, and they too may have symbiotic associations with many other reef organisms, thus securing space in the reef column, protection from predators and/or access to food and energy sources.

The highest dominance index was found at Station 3 at 5 m depth (D= 0.580). Diversity index in this station was only found about 0.329, with evenness index about 0.423. The low diversity as impacted of dominations by the massive coral colonies, such as Porites lobata, Porites lutea, Porites mayeri, and Porites lichen. However, the overall of dominance index in other stations are low, which ranged between 0.204-0.480. Another found of lifeform dominance was from soft corals (i.e. Octocorallia) at Station 4, both at 5 m and 10 m depth. Octocorallia that have been identified in the Krakatau is about six genera (i.e. Cladiella, Juncella, Lobophytum, Sarcophyton, Sinularia, and Xenia), including Nepthea (family Neptheidae) qualitatively found at Station 1 at 5 m depth. 
However, the phenomenon of dominance at Station 4 is only known from the genus Xenia (family Xeniidae), which is about 21.050-24.450%. This result is similar with Ruiz Allais et al. 2014()
 that found xeniid occupying ~ 20 % of the substratum at Conoma Bay and Mono Island (Carribean). Competitive exclusion among coral species has been shown to have an important role in determining community structure Grigg and Maragos, 1974()
 and can disturb successional processes. Rapid growth and overtopping are a mechanism of these competitive interactions Huston, 1985()
. Members of the octocoral family family Xeniidae are successful colonizers in many reefs areas Benayahu and Loya, 1985()
 capable of inhabiting many different substrata and overgrowing living scleractinian corals Ruiz Allais et al., 2014()
.

The xeniid soft coral was found colonizing a variety of substrata including dead coral and rubble. It also exhibited overtopping of scleractinian corals, such as Fungia, Acropora, Porites, and Montipora (Figure 5). Although this xeniid has not been found in neighboring islands (i.e. Anak Krakatau, Panjang, and Sertung) other less aggressive soft coral families (i.e. Alcyoniidae, Neptheidae and Ellisellidae) have been observed. Differences with Ruiz Allais et al. 2014()
 reports, this xeniid appearance here does not indicated as an invasion, because Xeniidae have been recorded from the Indonesia Archipelago (Y. Benayahu and B.W. Hoeksema pers comm). Somehow, this occupation indicates that competitive exclusion through aggressive overgrowth has been one of the major factors in structuring the coral communities of Rakata Island. The ecological consequences of this occupation in these coral communities (i.e. disturb the successional process and the corals colonization will never reach a climax stage) should be carefully monitored so that future disturbances on coral recruitment in Rakata may be well documented.

Recently dead corals (DC), with appearance like white to dirty white, are very rarely found in each station. It is explained that the impact of predation by predators (e.g. Acanthaster sp., Drupella spp.) are not a main reason for coral degradation in Krakatau, at least in the time of observation. Only recorded two individuals of Acanthaster sp. around Station 4, at the daytime observations along the transect line. Maximum number of Acanthaster sp. that can be tolerated by coral reef ecosystems ranging from 2-3 individuals within a few hundred meters of reef flat Thamrin, 2006()
 or about 10-20 individuals per km Suharsono, 1991()
.

The high percent covers of dead corals with algae (DCA) are alleged impact of anthropogenic activities and environmental conditions (i.e. impact of volcanic activity). However, the alleged coral community’s damages in the past because of predation are still possible. According to Baird et al. 2013()
 a corallivorous of Acanthaster planci (i.e. crown-of-thorns starfish / COTS), known as a major cause of coral mortality  in  Indonesia,  even  caused the degradation of coral reefs throughout the Pacific Ocean. The first outbreak by COTS predation in Indonesia is known occur in the Seribu Islands in 1969 Aziz, 1995()
. Where, the source of the colonization of the coral community also comes from the Seribu Islands Starger et al., 2010()
. Although, the results of the inventory LIPI of the existence of COTS between 1982-1983 in the islands of the Sunda Strait region (i.e. Legundi, Panaitan, Sebesi, Sebuku, and Tegal Island), mentions A. planci density is still less than 5 ind.2800 m-2 
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Figure 4. 
Community structure of coral communities as measured by average (±SD) of percent coral cover plotted against species rank order of abundance for all transect for all stations
Aziz, 1995()
. However, based on the literature review by Baird et al. 2013()
 through personal communication with Mark Erdmann, COTS outbreak also mentions have spread at the Krakatau in 2000s, even in the absence of quantitative data.
Degradation of coral community

We tried to describe qualitatively the condition of coral damages that can be found at the study site. Although, the prevalence cover of coral damage is not well measured, in general damages of coral colonies were caused by predation of Acanthaster sp., tube former, and reef fish. Physical damage to the coral colonies can also be caused by algal overgrowth and sediment cover. While, the coral diseases found is the black band disease (BBD), which attacks the colony of Montipora sp (see Figure 6).
Based on CMI value, coral mortality was found lower in average (0.281±0.201). The highest value only found in Station 1 and 2 (i.e. the high wave energy areas), about 0.319 to 0.720 (see Table 3). However, based on CDI criteria, the extent of coral damage covered all six sites (see Table 4). Total covered of broken coral colony (BCC) and coral rubble (CR) on each station showed higher than CDI minimum value criteria (i.e. BCC ≥ 4 %, CR ≥ 3 %). This suggests that of all transects were the "hot spots'' area.
Table 4.
Benthic percent cover and coral mortality index (CMI) on each stations in Krakatau. DCC (dead coral cover), HCC (hard coral cover), LCC (live coral cover).

	Station (depth - m)
	DCC (%)
	HCC (%)
	CMI
	LCC

(%)

	St 1 (10)
	22.250
	33.950
	0.396
	33.950

	St 2 (5)
	11.700
	24.970
	0.319
	24.970

	St 2 (10)
	23.350
	9.100
	0.720
	9.850

	St 3 (5)
	9.950
	46.500
	0.176
	51.700

	St 4 (5)
	11.400
	53.150
	0.177
	77.600

	St 4 (10)
	1.250
	36.100
	0.033
	57.250

	St 5 (5)
	10.090
	46.860
	0.177
	53.510

	St 6 (5)
	9.300
	28.460
	0.246
	36.010

	Mean
	12.411
	34.886
	0.281
	43.105

	SD
	7.208
	14.236
	0.208
	21.183


Table 5.
Percent cover of bottom substrate for criteria of coral damage index (CDI) on each stations in Krakatau. Criteria of each variables following Jameson et al. 1999()

	Site (depth–m)
	Living Substrate (%)
	Dead Substrate (%)
	Broken Coral

(%)
	Coral Rubble (%)

	St 1(10)
	41.500
	31.250
	22.25
	5.000

	St 2 (5)
	35.300
	24.550
	11.70
	28.450

	St 2(10)
	13.600
	62.450
	23.35
	0.600

	St 3 (5)
	53.100
	27.700
	9.95
	9.250

	St 4 (5)
	78.150
	4.150
	11.40
	6.300

	St 4 10)
	57.950
	32.950
	1.25
	7.850

	St 5 (5)
	55.660
	29.950
	10.09
	4.300

	St 6 (5)
	36.010
	42.140
	9.30
	12.550

	Mean
	46.409
	31.893
	12.41
	9.288

	SD
	0.193
	0.164
	0.07
	0.085


Management implications
Although Krakatau Islands has been declared part of Ujung Kulon National Park (West Java) in 1983, it is not managed as such because it falls under a different province (Lampung). After separated from Ujung Kulon, Krakatau became as “cagar alam” (nature reserve) according to Surat Keputusan (Government Decree) No. 85/Kpts-II/1990 on 26 February 1990, which designated the area to be under the control of the Balai Konservasi Sumberdaya Alam (BKSDA) Lampung. Natural Reserve management principle is based on legislation in force following the UU No. 5/1990. The management goal is to protect the natural living of an undisturbed area, with the expectation of obtainment representative ecological environment and the development.
Conservation management alternative for the Krakatau Islands area is to maintain it within the National Park with a zoning system. A formal management plan should be prepared by the professional staff of the BKSDA who could obtain the consultant services of scientist familiar with geology, geomorphology and ecology of the area. Movement in the area should be strictly controlled both on the islands and over the shallow water areas where there are coral reefs. A preliminary attempt at a zoning system for the islands is separated in three zones, such as marine buffer zone, intensive use zone and research zone (Genolagani, 1981).
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Figure 5.
A soft coral xeniid grow in large cover, inhabited in rubbles and dead corals, and overgrown on scleractinian corals on Station 4, Rakata Island.
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Figure 6.
Black band disease (BBD) on Montipora sp. (arrow) around Station 6, Panjang Island.

Conclusion
This study showed that succession or development of coral communities (i.e. colonization) that found in Anak Krakatau indicated earlier stage of colonization. Where have different with coral communities that found in Rakata and Panjang. The diversification of coral communities on both islands, showed that opportunistic and pioneer species (i.e. Pocillopora and Seriatopora) that generally found in Anak Krakatau has been replaced. Overall, massive Porites is a dominated genus that found in Krakatau Islands, following by foliose Montipora, branching Acropora, and hydocorallia Millepora. Clear indication of dominance may already take place through competitive exclusion in coral communities.

Three community types were distinguished based on characteristics for each site, as follows: communities of wave-exposed habitats, communities of semi- exposed to sheltered habitats, and communities of sheltered habitats. The extent of coral damage that found in Krakatau based on CMI value is low, in average, but high value found in the community of wave-exposed habitat. While, following CDI criteria, the extent of coral damage covered all six sites. This suggests that of the all transects were "hot spots'' that required management action. 
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