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Abstract
Background
West coast of India is characterized by the presence of rich rocky out-crops with a diversity of poorly illuminated vertical rocky walls, crevices, caves, tunnels and overhangs. Though these are the typical environment for azooxanthellate scleratinian corals, there is no report available on these corals from this region.

Methods

                           In situ observations including photography were made by SCUBA diving Collected specimens were soaked in fresh water and then in sodium hypochlorite solution for cleaning. Finer details of coralla were photographed using a stereoscopic microscope.

Result
The present account reported three species of azooxanthellate corals namely Balanophyllia cumingii Milne Edwards & Haime, 1848, Dentrophyllia indica Pillai, 1969 and Paracyathus profundus Duncan, 1889 for the first time from the rocky out-crops off Goa, mid-west coast of India and illustrated with in situ morphological characters of the species recorded.

Conclusion
Despite their rich biodiversity, the seas and the deep shelf regions adjacent to India have had few surveys and limited reports (34 species) only are available on the occurrence of azooxanthellate corals. Detailed further studies along the coast would unveil the presence of more number of species.


Keywords
AzooxanthellateCoralBalanophylliaDentrophylliaParacyanthusMid-west coastIndia
Abbreviation
SCUBASelf contained underwater breathing apparatus




Background
Azooxanthellate corals are found in dark habitats (sciophilous), especially within caverns (cavernicolous) (Dinesen, 1982, 1983). Since they do not live symbiotically with dinoflagellate algae, their distribution is not limited to the euphotic zone alone, but are ubiquitous, known from the Tropical seas to Polar seas and from the intertidal zone to over 6328 m depth (Cairns & Stanley, 1982). There are 227 species of azooxanthellate scleractinian corals belonging to 71 genera reported from Indian Ocean region (Cairns & Kitahara, 2012; Cairns, 2004). One-third of the azooxanthellate species occur off Australia, making it one of the richest regions in the world for this type of corals. A total of 34 species from 18 genera and 4 families are reported so far from Indian waters including Gulf of Kutch, Gulf of Mannar, Andaman and Nicobar Islands and Lakshadweep Islands (Table 1). Some sporadic reports of azooxanthellate corals only are available from the west coast of India (Alcock, 1893; 1898). The west coast of India is characterized by rocky out crops with poorly illuminated environments which harbour a diversity of ahermatypic corals. Species described from Indian waters so far were collected from trawl net landings which are in the form of bleached and broken pieces. None of the authors mentioned above described their live morphology and habitat type. This present account, illustrates the in situ morphology of three species of azooxanthellate corals reported for the first time from the rocky outcrops off Goa, mid-west coast of India.Table 1Species of azooxanthellate corals recorded from Indian waters


	S.No.
	Family
	Genus
	Species
	Lakshadweep
	Gulf of Kuthch
	Gulf of Mannar
	Andaman & Nicobar Islands
	South West coast
	Mid-west coast (Goa)

	1
	 	
                            Caryophyllia
                          
	
                            C. clavus
                          
	d
	 	 	d
	 	 
	2
	
                            C. arcuata
                          
	e
	 	 	d
	c
	 
	3
	
                            C. acanthocyathus
                          
	 	 	 	d
	 	 
	4
	
                            Deltocyathus
                          
	
                            D. andamanicus
                          
	 	 	 	e
	 	 
	5
	
                            Paracyathus
                          
	
                            P. indicus
                          
	 	 	 	e
	 	 
	6
	
                            P. profundus
                          
	 	 	b
	 	c
	f

	7
	
                            P. stokesii
                          
	 	e
	d
	d
	c
	 
	8
	Caryophyllidae
	
                            Polycyanthus
                          
	
                            P. verrilli
                          
	 	e
	a
	e
	 	 
	9
	
                            P. andamanensis
                          
	 	 	 	e
	 	 
	10
	
                            Heterocyanthus
                          
	
                            H. aequicostatus
                          
	 	 	d
	d
	c&d
	 
	11
	
                            Solonosmilia
                          
	
                            S. variabilis
                          
	 	 	 	 	c
	 
	12
	
                            Stephanocyathus
                          
	
                            S. nobilis
                          
	e
	 	 	 	 	 
	13
	Flabellidae
	
                            Flabellum
                          
	
                            F. pavonium
                          
	e
	 	 	 	 	 
	14
	
                            F. stokesi
                          
	 	 	 	 	c
	 
	15
	
                            Placotrocus
                          
	
                            P.levis
                          
	 	 	e
	e
	 	 
	16
	Rhizangiidae
	
                            Culicia
                          
	
                            C. rubeola
                          
	 	 	e
	d
	 	 
	17
	
                            Cladangia
                          
	
                            C. exusta
                          
	 	 	e
	 	 	 
	18
	 	
                            Balanophyllia
                          
	
                            B. affinis
                          
	 	 	e
	 	 	 
	19
	
                            B. cumingii
                          
	 	 	 	 	c
	f

	20
	
                            B. imperialis
                          
	 	 	 	e
	 	 
	21
	Dendrophyllidae
	
                            B. scabra
                          
	 	 	 	e
	 	 
	22
	
                            Endopachys
                          
	
                            E. grayi
                          
	 	 	 	d
	c
	 
	23
	
                            E. philippinensis
                          
	 	 	e
	 	 	 
	24
	
                            E. amphelioides
                          
	 	 	 	d
	 	 
	25
	
                            Endopsamia
                          
	
                            E. marenzelleri
                          
	 	 	 	d
	 	 
	26
	
                            Heteropsammia
                          
	
                            H. cochlea
                          
	 	 	 	 	c
	 
	27
	
                            H. michelini
                          
	 	 	e
	e
	 	 
	28
	
                            Tubastrea
                          
	
                            T. aurea
                          
	 	e
	e
	e
	c
	 
	29
	
                            D. coarctata
                          
	 	 	e
	 	 	 
	30
	
                            D. cornigera
                          
	 	 	 	 	c
	 
	
                            Dendrophyllia
                          

	31
	
                            D. arbuscula
                          
	 	 	 	d
	 	 
	32
	
                            D.micanthus
                          
	 	 	d
	 	 	 
	33
	
                            D. minuscula
                          
	 	e
	 	d
	c
	 
	34
	
                            D. indica
                          
	 	 	a& e
	 	c
	f

	 	Total
	4
	4
	13
	20
	12
	3


a = (as reported by Pillai, 1969); b = (as reported by Pillai, 1986); c = (as reported by Pillai and Jasmine 1995); d = (as reported by Venkataraman, 2006); e = (as reported by Venkataraman, 2007) and f = (as per the present study)



                     

Methods
In situ observations including photography were made by SCUBA diving and azooxantheallate coral samples were collected from the depth ranging between 8 m and 11 m from the crevices and shaded regions of rocky outcrops around the Piqueno Island (15°22'32.35"N; 73°47'45.03"E), Grande Island (15°21'9.44"N; 73°46'44.44"E) and St. George Island (15°21'8.86"N; 73°45'49.15"E), off Goa, mid-west coast of India (Fig. 1). Collected specimens were soaked in fresh water and then in sodium hypochlorite solution for cleaning. Finer details of coralla were photographed using a stereoscopic microscope. Specimens were identified following, Pillai (1969), Pillai and Jasmine (1995) and Cairns and Kitahara (2012).[image: A41200_2016_80_Fig1_HTML.gif]
Fig. 1Map showing the sampling stations off Goa, mid-west coast of India




                     

Results

                
                    SYSTEMATICS
                  

                              Order SCLERACTINIA Bourne, 1900

                              Suborder DENDROPHYLLIINA Vaughan & Wells, 1943

                              Family DENDROPHYLLIIDAE Gray, 1847

                              Balanophyllia Wood, 1844

                              Balanophyllia cumingii Milne Edwards & Haime, 1848
(Fig. 2a-d)[image: A41200_2016_80_Fig2_HTML.gif]
Fig. 2Azooxanthellate scleratinian corals recorded from Goa, mid-west coast of India. a In situ specimen of Balanophyllia cumingii Milne Edwards & Haime, 1848. b Bleached corallite of Balanophyllia cumingii. c-d Stereoscopic images of the septa of Balanophyllia cumingii
                                       




                           

                              Balanophyllia cumingii Bourne, 1905, p.209, pl.2, Figs. 7, 7a (synonymy);

                              Balanophyllia cumingii Gardiner and Waugh, 1939, p. 238, pl.1, Fig. 1;

                              Balanophyllia cumingii Scheer and Pillai 1983, p. 168, pl.38, Fig. 8.9 (Synonymy)


              
Diagnosis
The corallite is funnel shaped with a narrow pedicel. Corallum is solitary, compressed, grayish white in colour when alive. Tentacles are transparent (Fig. 2a). Corallite total height is 17 mm and is not with a definite shape. Diameter of corallite at the top is 17 mm x 11 mm. Basal diameter is 14 mm. Septa is in five cycles, primaries and secondaries subequal and projecting into calyx and slightly exert. Septa is narrow and vertically descending to meet the columella. At least three cycles reach columella. Fifth cycle units to fourth which in turn units to third. Fossa deep, 7 mm in larger corallite. Columella is spongy at the bottom of calicular fossa. Costae conspicuous at top of calyx with spinulations (Fig. 2b-d).

Distribution
This species has the zoogeographic distribution around Red Sea, Sri Lanka, Maldives, East Indies and Philippines (Cairns, 1994). In India, this species was reported from the Kerala coast by Pillai and Jasmine (1995). Present account confirms its distribution along the middle-west coast up to Goa.
                                 Order SCLERACTINIA Bourne, 1900

                                 Suborder DENDROPHYLLIINA Vaughan & Wells, 1943

                                 Family DENDROPHYLLIIDAE Gray, 1847

                                 Dendrophyllia de Blainville, 1830

                                 Dendrophyllia indica Pillai, 1969
                              
(Fig. 3a-d)[image: A41200_2016_80_Fig3_HTML.gif]
Fig. 3Azooxanthellate scleratinian corals recorded from Goa, mid-west coast of India. a In situ specimen of Dendrophyllia indica Pillai, 1969. b Bleached corallite of Dendrophyllia indica. c-d Stereoscopic images of the septa of Dendrophyllia indica Pillai, 1969
                                          




                              

                                 Dendrophyllia indica Pillai, 1969b, p. 407, pls. 1, 2.

                                 Dendrophyllia indica Pillai, 1986, p. 192.


                        

Diagnosis
Colonial, bright yellow coloured colony when alive with short, almost round corallites. The tentacles are arranged on the inner wall of the corallite and are transparent with yellowish tentacle tips. Lateral lines start from each corallite and is interconnected by the lateral lines on the coenosteum (Fig. 3a). Colonies are found on hard substratum where direct sun light hits. Some colonies are found submerged by sand, leaving less exposed corallites. This species inhabits in high water current influenced areas. No co-occurrence with any zooxanthellate scleractinians was observed. Ascidians and some gastropods were found inhabiting the area with this species. Examined colony has a total height of 21 mm with a greater diameter of 30 mm. It is a juvenile, with club-shaped corallum, having 8 corallites. Corallites are very small, projecting, and measured up to 4 mm in the largest form. Corallites have only 3 septal cycles. Calices 6 to 11 mm in diameter and up to 9 mm deep (Fig. 3b-d). Septal and other characters are similar to the paratypic specimen reported by Pillai (1969).

Distribution
This species has been reported previously from Tuticorin, east coast of India (Pillai, 1969) and from Kadiyapptanam, southernmost west coast of India (Pillai and Jasmine, 1995). Present account extends its distribution to mid-west coast of India. This species is the most abundant azooxanthellate scleractinian of the southwest coast of India.
                                 Order SCLERACTINIA Bourne, 1900

                                 Suborder DENDROPHYLLIINA Vaughan & Wells, 1943

                                 Family CARYOPHYLLIIDAE Gray

                                 Subfamily CARYOPHYLLIINAE Gray

                                 Paracyathus Milne Edwards & Haime, 1848

                                 Paracyathus profundus Duncan, 1889
(Fig. 4a-d)[image: A41200_2016_80_Fig4_HTML.gif]
Fig. 4Azooxanthellate scleratinian corals recorded from Goa, mid-west coast of India. a In situ specimen of Paracyathus profundus Duncan, 1889. b Bleached corallite of Paracyathus profundus. c-d Stereoscopic images of the septa of Paracyathus profundus
                                          




                              

                                 Paracyathus profundus Duncan, 1889, p. 4, p. 1, Figs. 4-6,

                                 Paracyathus profundus Pillai, 1986, p. 183


                        

Diagnosis
This is a juvenile, solitary corallite with whitish outer corallum and dark brownish calice, tansparent tentacles and a projected oral disc at the centre of calice. Tentacles are narrower towards the tip and end with blunted ends. Surface of tentacles are with white granuleswhich are thick at the tip. Corallum also has a bended pedicel, and its surface is reddish white in colour. The base or holdfast is broad and firmly attached on the substrate (Fig. 4a). Total height measured 8 mm and found attached on an encrusting sponge. All septa are exerted and slightly arched. Septal edges are granular. Coralllum is almost cylindrical and its diameter measured 7.5 mm. Three cycles of septa with bi or tri lobed pali. Costa extend to the base of corallite. Calicular fossae chocolate brown in colour. Corallum is cylindrical and almost uniform in thickness from the base to top Pali are prominent with bi or tri lobed (Fig. 4b-d).

Distribution
This species has its previous report from Mergui Archipelago, Myanmar, Australia (Cairns, 1998) and Palk Bay and Gulf of Mannar (Pillai, 1986) and Kadiyapptinam, southwest coast of India (Pillai and Jasmine, 1995). The present study extends the distribution range of this species to the middle west coast of India.


Discussion
The scientific knowledge of scleractinian corals has considerably increased. Out of the 245 scleractinian corals reported so far from Indian waters, only 34 species are azooxanthellates (Turner et al. 2001). The seas and the deep shelf regions adjacent to India have had few surveys and limited reports only are available on the occurrence of azooxanthellate corals [Pillai and Scheer (1976) from Nicobar; Pillai (1983, 1986, 1988); Venkataraman et al. (2003) from Gulf of Kachchh, Gulf of Mannar, Lakshadweep, and Andaman and Nicobar Islands]. Gulf of Mannar recorded more number of species (20 species) followed by Andaman and Nicobar region (13 species). Lakshadweep and Gulf of Kachchh has only 4 species each (Table 1). Recently Venkataraman (2007) reported the distribution of 8 azooxanthellate corals from off Chennai, South east coast of India. Present study confirms the presence of three azooxanthellate corals off Goa, mid-west coast of India. Detailed further studies along the coast would unveil the presence of more number of species. The major human impact on azooxanthellate scleractinian corals of the study area is due to trawl fishing activities in the continental shelf and deep-sea regions of the coast. It is probable that many deep-water coral habitats and associated fauna are being trawled before they are fully studied and their species diversity assessed.

Conclusion
The distribution of three azooxanthellate scleractinian corals has reported for the first time from the rocky reefs of mid-west Indian coast. Despite their biodiversity, the littoral and the deep shelf regions adjacent to India have not surveyed properly for azooxanthellate corals. Detailed further studies along the coast would unveil the presence of more number of species. In-situ morphological characters of the species will help to identify the specimen on the spot and may reduce excess sampling.
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