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In this study, we present measures of the number, area, and basic morphometric statistics for every habitat in Tidung Islands, Kepulauan Seribu, Indonesia, as derived from the interpretation of remotely sensed data collected by the FORMOSAT. We classified and mapped seven morphological attributes of reefs (six marine habitats and reef-top islands) at 2x2 m 2 spatial resolution (pixel size) for the entire island. Cover area for each habitat were as follows: ocean 66.50 km 2 , reef slope 0.69 km 2 , coral/rubble 0.43 km 2 , lagoon 0.30 km 2 , seagrass 1.02 km 2 , sand flat 1.02 km 2 , land 0.80 km 2 . We confirmed results from FORMOSAT images with in-situ data collected in 2004-2005. 

INTRODUCTION

Tropical seascape in Indonesia is highly attributed to the presence of biogenic carbonate framework, the coral reefs. Being the country with the largest area of coral reefs [START_REF] Spalding | World atlas of coral reefs. Prepared at UNEP World Conservation Monitoring Centre[END_REF] there is an urge need to assess the exact area of seabed occupied by coral reef communities. Within various spatial scale, such information is an essential metric for understanding coral reef ecology and to designate the appropriate management for sustainable development. Accurate calculations of coral reef area require new methods to accurately cover certain spatial domains (large or small area) within short time. The interpretation of remotely sensed data is the best tool currently available for this task [START_REF] Green | Remote sensing handbook for tropical coastal management[END_REF], even in detail features such as coral benthic communities [START_REF] Hochberg | Spectral discrimination of coral reef benthic communities[END_REF], coral cover [START_REF] Isoun | Multi-spectral mapping of reef bathymetry and coral cover; Kailua Bay, Hawaii[END_REF], also benthic species and the health of corals (Evanthia et al. 1999). Nearshore habitats, particularly coral reefs, are a challenge to study using for being heterogeneous, often at scales smaller than the highest resolution of spaceborne sensors. Naseer and Hatcher (2004) identify three sources of error which contribute to variability in estimates of reef area: errors of attribution (a function of the definition of coral reef used and the cartographer's or the software's ability to identify reefs), errors of demarcation (a function of the accuracy of mapping reef boundaries), and errors of scaling (a function of mapping resolution or map scale). The relative contributions of the error terms, and the sign and magnitude of error propagation vary with the type and scale of the source data (predominantly bathymetric charts) and the method of up-scaling from the source data to aggregative measures (i.e. the area integration algorithm).

FORMOSAT is a series of earth observation imaging satellites designed and launched by National Space Organization of Taiwan, with support from France and United States. In this study we use FORMOSAT-2 remote-sensing satellite data, with spatial resolution of 2 m-panchromatic and 8 m-multispectral.

Here we report our use of the FORMOSAT imagery and geospatial analysis to derive detailed estimates of the Tidung Islands reef areas to date, and compare our result with existing benchmark. The benchmark is provided from rapid ecological assessment conducted in November 2005 [START_REF] Agus | Ecological assessment for designation of Community-Based Marine Sanctuary in Tidung Islands, Kepulauan Seribu[END_REF] and May-June 2004 [START_REF] Agus | Natural Resource Assessment and Socio-economic Survey in Payung and Tidung Islands, Kepulauan Seribu[END_REF].

METHODS

Study sites

This study focused on the littoral habitats of the Tidung Islands (Fig. 1), comprise of Tidung Besar, Tidung Kecil, Payung Besar, and Payung Kecil. Its two main islands where people live are Tidung Besar (5°47′S; 106°29′E) and Payung Besar (5°49′S; 106°32′E). Tidung Islands are located in one of the bestknown patch reef complexes in Indonesia, the Kepulauan Seribu (Thousand Islands) island chain, which separated 45 km away from Jakarta. The island of Tidung Besar is the capital for Tidung Rural Administrative Unit, which underline six vegetated cays (islands) namely Tidung Besar, Tidung Kecil, Payung Besar, Payung Kecil, Laki, and Karang Beras. The coastal platform in Tidung Island extends west-east and bordered by reef. The platform surrounding is more extensive at the northern part of the island. The typical submerged habitats found around the islands are seagrass beds, algal assemblages in different proportions, soft and hard coral habitats, and sandy and rocky substrates. 

Satellite image analysis

Morphologies of the beaches, lagoons, seagrass beds, and several zonation of reefs were classified on the basis of the spectral signatures of their various habitats using images produced from the latest FORMOSAT satellite. Image of Tidung Islands were captured in 13 September 2006 following Java Sea Java radiometric and geometric correction for further analyses. Deep water (>30 m depth) pixels were identified and masked using the upper 95% confidence limit of the mean DN for Band 1 (blue) to delineate the threshold between deep and shallow water pixels. The remaining pixels delineated polygons equivalent to the outer boundaries of coral reef areas. Supervised classifications trained with existing ground-truth data were performed using the maximum likelihood classifier [START_REF] Green | Remote sensing handbook for tropical coastal management[END_REF] in ER Mapper and Arc GIS on the image individually to generate seven morphological categories (i.e. habitat classes): ocean, reef slope, coral/rubble, lagoon, seagrass, sand flat, land (Figure 2).

RESULTS

Habitat mapping from FORMOSAT data

Very-high-resolution (2 m spatial resolution) habitat maps were generated for Tidung Islands, Kepulauan Seribu, from a mosaic of FORMOSAT multispectral images. Contrast-stretched, multi-spectral image maps provided a qualitative method to distinguish highly reflective sand from less reflective living corals, seagrasses, and algal habitats, and to outline nearshore habitat features and textures. These maps, in a geographic information system (GIS) format, can be used for fieldwork, as base maps for other scientific studies and for management of coral reef ecosystem. 2000) stated that habitat, in remote sensing point of view, may be limited to communities (assemblages) of plant and animal species (or higher taxonomic or functional descriptors) and the substrata which collectively comprise the upper layer of the seabed. Using FORMOSAT imagery, we produce five distinct reef-top islands comprising area of 0.80 km 2 . Apart from the ocean habitat which covers 94% of the area, we managed to differentiate five nearshore habitats with detail information of cover area: reef slope (685,504 m 2 ), coral/rubble (428,544 m 2 ), lagoon (300,864 m 2 ), seagrass beds (1,024,160 m 2 ), and sand flat (1,019,584 m 2 ) (Table 1). 

Benchmark data

In November 2005, we conducted rapid ecological survey for designation of Community-Based Marine Sanctuary in Tidung Islands. A year before, we also conducted socio-economic and ecological assessment in Tidung Islands when we deploy benchmarks for coral reef and seagrass monitoring in five locations (Table 2). The condition of coral benthic communities in Tidung Islands was generally excellent at 3 m and good at 10 m (Table 3). The most common coral species observed in Tidung Islands is Porites cylindrica which constructs extensive field of branching corals, particularly at 3 m depth. Other coral genera found in the islands were Acropora, Galaxea, Goniastrea, Euphyllia, Pocillopora, and Montipora. There is a considerable differences in term of seagrass species composition available in Tidung Islands. In both site of Payung Besar Island, five species of seagrass were observed and only three species of seagrass available in Tidung Besar Island (Table 4). Enhalus acoroides and Thalassia hemprichii were available in both islands, with Enhalus being the most widespread species. Halodule was absent in Tidung Besar Island and Cymodocea serrulata only existed in the north of Tidung Besar Island.
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 1 Figure 1. Location of Tidung Islands (red-lined box), Kepulauan Seribu

Figure 2 .

 2 Figure 2. Classified habitat map of Tidung Islands in Kepulauan Seribu using FORMOSAT imagery, with 2 m spatial resolution

Table 1 .

 1 Cover area of each classified habitat in Tidung Islands derived from classified FORMOSAT 2x2 mtr imagery (in Area of Interest)

	No	Classified habitat	Number of Pixel	Area (km 2 )
	1	Ocean	33,250,820	66.50
	2	Reef Slope	342,752	0.69
	3	Coral/Rubble	214,272	0.43
	4	Lagoon	150,432	0.30
	5	Seagrass beds	512,080	1.02
	6	Sand Flat	509,792	1.02
	7	Land	398,368	0.80

Table 2 .

 2 GCP coordinates of each benchmark site

	No	Benchmark site	GCP coordinates South East	Survey 2004 2005
	1 North of Payung Island	5° 49' 068"	106° 32' 979"	Yes	Yes
	2 South of Payung Island	5° 49' 496"	106° 33' 533"	Yes	No
	3 South of Tidung Kecil Island	5° 48' 323"	106° 31' 042"	Yes	Yes
	4 North of Tidung Besar Island-1	5° 47' 792"	106° 30' 180"	Yes	Yes
	5 North of Tidung Besar Island-2	5° 47' 306"	106° 29' 039"	No	Yes
	6 South of Tidung Besar Island	5° 47' 950"	106° 29'603"	Yes	Yes

Table 3 .

 3 Percentage cover of reef benthic communities

						% cover			
	Site	Hard corals	Soft corals	Other fauna	Dead corals	Abiotic
		3 m	10 m	3 m	10 m	3 m	10 m	3 m	10 m	3 m	10 m
	1	96,33 41,00 0,00	0,00	2,67	4,00	1,00	5,00	0,00 50,00
	2*	61.44 52.14	-	-	11.24 37.36 16.76 5.48 10.56 5.02
	3	54,00 40,50	6.8	1,00	0,00	4,50 10,70 33,00 28,50 21,00
	4	35,33 35,85 0,00	1,50	0,33	2,50 52,33 10,65 12,00 49,50
	5	77,17 21,83 0,00 14,67 0,00 10,33 2,00 10,83 20,83 42,33
	6	58,80 17,33 6,30 10,33 0,00	1,67	6,50	1,00 28,30 69,67
	Note: Data provided in site 2 were derived from 2004 survey.			

Table 4 .

 4 Percentage cover of seagrass species Data provided in South Payung Besar were derived from 2004 survey.

				% cover
	No	Seagrass species	Tidung Besar	Payung Besar
			North	South	North	South*
	1 Enhalus acoroides	25	55	48	23
	2 Thallasia hemprichii	5	5	8	17
	3 Halodule sp.	-	-	13	9
	4 Halophyla sp.	5	15	5	2
	5 Cymodocea serrulata	5	-	2	3
	Note: