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Methods

An assessment of reef fish diversity was conducted as part of the Nature Conservancy’s REA of the Raja Ampat Islands between 4-21 November 2002. A comprehensive list of fish species was compiled for 50 sites, which involved approximately 70 hours of scuba diving to a maximum depth of 52 m. The basic method consisted of underwater observations made during a single dive at each site with an average duration of about 80 minutes.  The name of each observed species was recorded in pencil on a plastic sheet attached to a clipboard.  The technique usually involved rapid descent to 30-55 m, then a slow, meandering ascent back to the shallows.  The majority of time was spent in the 4-15 m depth zone, which consistently harbours the largest number of species.   Each dive included a representative cross section of available bottom types and habitat situations.

The visual survey was supplemented with selective collecting with a rubber-propelled, multi-prong spear and four small rotenone stations. The purpose of latter method was to flush out small, crevice-dwelling fishes (for example eels and tiny gobies) that are difficult to record with visual techniques. 

Results

A total of 828 species were recorded during the expedition, including approximately 95 new records for the Raja Ampat Islands (including four new to Indonesia). Allen (2001) previously reported 970 species from this area. Therefore, the total fauna of the Raja Ampats is now increased to 1,065 species. This is third highest count for any similar-sized location, being surpassed only by Milne Bay Province, PNG (1,109 species) and Maumere Bay, Flores, Indonesia (1,111 species). However, the Milne Bay and Maumere data is based on long-term surveys, featuring more intense collecting activity. The Raja Ampat total is the world’s highest for a survey based mainly on visual observations.

The dominant fish families of the Raja Ampats are typically well represented on coral reefs throughout the vast Indo-west and central Pacific region.  The most speciose families are gobies (Gobiidae; 132 species), damselfishes (Pomacentridae; 114 species), wrasses (Labridae; 109 species), cardinalfishes (Apogonidae; 73 species), groupers (Serranidae; 58 species), butterflyfishes (Chaetodontidae; 40 species), blennies (Blenniidae; 35 species), surgeonfishes (Acanthuridae; 34 species), snappers (Lutjanidae; 32 species), and parrotfishes (Scaridae: 28 species). These 10 families collectively account for 655 species or about 62 percent of the total reef fauna.

Regression statistics based on the number of species in the families Chaetodontidae, Pomacanthidae, Pomacentridae, Labridae, Scaridae, and Acanthuridae indicates that the total reef fish fauna of the Raja Ampat Group consists of approximately 1,146 species. Therefore, at least another 80, mainly cryptic species could be expected from the area.

The number of species found at each site is indicated in Table 1.  Totals ranged from 59 to 284, with an average of 185.9 per site.  The 10 richest sites for fishes are summarized in Table 2. 

Table 1.  Number of fish species recorded at various sites. 

	Site 
	Species
	Site
	Species
	 Site
	 Species
	Site
	Species

	7
	170
	21
	201
	34
	217
	48
	191

	8
	200
	22
	210
	35
	235
	49
	189

	9
	216
	23
	202
	36
	162
	50
	162

	10
	192
	24
	134
	37
	174
	51
	163

	11
	174
	25
	203
	38
	69
	52
	166

	12
	124
	26
	211
	39
	221
	53
	155

	13
	59
	27
	219
	40
	138
	54
	211

	14
	65
	28
	245
	41
	113
	55
	156

	15
	206
	29
	240
	42
	169
	56
	226

	16
	361
	30
	241
	43
	208
	57
	204

	17
	174
	31
	284
	44
	239
	58
	204

	18
	205
	32
	203
	45
	188
	
	

	20
	275
	33
	157
	46
	64
	
	


Table 2.  10 richest sites for fishes.

	Site no.
	General locations
	No. spp.

	31
	Kofiau
	284

	20
	SE Misool
	275

	16
	SE Misool
	261

	18
	Kofiau
	245

	30
	Kofiau
	241

	29
	Kofiau
	240

	44
	Wayag
	239

	35
	Alyui Bay
	235

	56
	E. Waigeo
	226

	39
	Sayang
	221


Four of the six richest sites were located at Kofiau. Moreover, the highest count recorded by the author for a single dive, 284 species, was obtained at site 31. The previous high of 283 species was recorded during the CI Raja Ampat RAP survey in 2001 at Kri Island. 

A total of 200 or more species is generally considered as the benchmark for an excellent fish count at a given site.  This figure was obtained at 50 percent of Raja Ampat sites, the highest percentage for any area that has been previously surveyed in the “Coral Triangle.”    

Table 3 ranks the various geographic areas visited during the expedition, in terms of average number of species per site. 

Table 3. Average number of species per site according to general geographic area. 

	Rank
	General Area
	Site nos.
	Avg. species/site

	1.
	Kofiau
	28-33
	228.3

	2.
	Alyui Bay (sites 34-36)
	34-36
	204.7

	3.
	W Misool (sites 22-27)
	22-27
	196.5

	4.
	SE Misool (sites 7-21)
	7-21
	187.2

	5.
	N & E Waigeo
	51-58
	185.6

	6.
	Kawe/Wayag/Sayang
	37-50
	163.5


The giant Napoleon Wrasse (Cheilinus undulatus), usually a good indicator of local fishing pressure, was scarce throughout the survey. Comparative data for other recent surveys conducted by the author are presented in Table 4. 

Table 4.  Frequency of Napoleon Wrasse (Cheilinus undulatus) for various locations in the Indo-Pacific.

	Location
	No. sites where seen
	% of  total sites
	Approx. no. seen

	Phoenix Islands 2002
	47
	83.92
	412

	Milne Bay, PNG – 2000
	28
	49.12
	90

	Milne Bay, PNG – 1997
	28
	52.83
	85

	Raja Ampat Islands – 2002
	9
	18.0
	14

	Raja Ampat Islands – 2001
	7
	15.55
	7

	Togean/Banggai Islands – 1998
	6
	12.76
	8

	Weh Island, Sumatra – 1999
	0
	0.00
	0

	Calamianes Is., Philippines – 1998
	3
	7.89
	5


. 

Reference: 

Allen, G.R.  2002. Chapter 3. Reef Fishes of the Raja Ampat Islands, Papua Province, Indonesia. In: A marine rapid assessment of the Raja Ampat Islands, Papua Province, Indonesia. (McKenna, S.A., Allen, G.R. & Suryadi, S., eds.). RAP Bulletin of Biological Assessment 22. Conservation International, Washington, DC: 46-57 and 132-185. 

Responses to Ryan’s questionnaire

1. Factors contributing to the richness of the survey sites: the biggest factor is habitat diversity and wealth of “micro-habitats” at each site. If we can preserve the habitat integrity, this will naturally conserve the resident biota. Therefore, any reserve systems should seek to capture a cross-section of all major habitats with various degrees of exposure from fully protected embayments to exposed outer reefs. 

2. Specific threats to the elements that establish and maintain extraordinary fish diversity: following on from the first point, the major threat to fishes and other reef-associated organisms is habitat destruction and degradation. As I see it, the biggest potential threat is increased use of explosives for fishing. At present it does not seem to be a major problem, but judging from what has happened in Malaysia, Philippines, and other parts of Indonesia, it could cause huge problems in the future. Of course cyanide also impacts on the habitat, but its effects appear to be more localised and it does not destroy the fabric of the reef. 

3. Ranking of areas of highest conservation priority: general fish diversity was high throughout the Raja Ampats. Kofiau consistently had the highest species counts per site (a remarkable average of 228 species). However, other factors need to be considered in assessing the conservation potential of various sites. I firmly believe that underwater and above water aesthetic quality needs to be considered but is difficult to quantify. Therefore I would rate the following areas as my top priorities, but prefer not to rank one above the other. I think they are all equally important: Kofiau Group, southeastern “tail” of Misool, and the Wayag Islands. 

4. Recommendation of general approaches and specific follow-up actions: This topic was covered in our discussion aboard Pendito at the end of the survey. It appears the consensus approach would be to bring together all the major players (NGOs, community stakeholders, government, etc.) at a workshop in the Sorong area. One of the main goals of such a workshop would be to identify the final priority areas and recommend the initiation of appropriate conservation actions. As far as protecting fish resources are concerned the biggest problems that needs to be resolved are the uncontrolled fishing activities of  “outsiders” and illegal fishing methods (primarily explosives and cyanide). Effective law enforcement is a huge issue that is the key to solving these problems. 

