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Abstract The southeastern Arabian Sea (SEAS) is a distinct
ecosystem within the northern Indian Ocean, with unique
physical, chemical and biological attributes. This paper pro-
vides comprehensive documentation on echinoderm diversity
in the SEAS at depths of 20 to 1500 m, based on systematic
surveys of over 300 sites. A total of 76 species were recorded
in the surveys, which included one new species, seven new
records for Indian waters and 39 species previously known
from nearby areas and recorded for the first time from
SEAS. With the addition of the new records from the present
study to the 133 species previously reported from the SEAS,
the species richness of echinoderms in the SEAS stands at 180
species. Updated checklists of echinoderms in the SEAS are
provided.

Keywords Echinoderms - Southeastern Arabian Sea -
Species - Checklist - Biodiversity

Introduction

The Indo-west Pacific is a region of high echinoderm diversity,
as demonstrated for classes Asteroidea (Mah and Blake 2012)
and Ophiuroidea (Stohr et al. 2012). Clark and Rowe (1971)
recorded 345 species of shallow-water echinoderms from the
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seas around India, while Sastry (2007) published a comprehen-
sive annotated checklist which recorded a total of 651 species
from the entire Indian exclusive economic zone (EEZ). More
recent works place the number of echinoderms in Indian waters
at 765 species (Wafer et al. 2011; Sanjeevan et al. 2014) and
777 species (Venkatraman et al. 2015). A detailed literature
survey reveals that most of the studies on Indian echinoderm
diversity have been localised and focused on intertidal and
shallow-water regions. In particular, there have been no efforts
to document the diversity of this group in Indian waters beyond
a depth of ~25 m since the surveys of Royal Indian Marine
Survey (RIMS) Investigator (1888—1892).

The Southeastern Arabian Sea (SEAS), off the southwest
coast of India is a tropical Eastern Boundary Upwelling
System (EBUS), with physical, chemical and biological attri-
butes distinct from the rest of the northern Indian Ocean
(Madhupratap et al. 2001; Sanjeevan et al. 2009). The echino-
derms of this region were first described through the surveys
of the RIMS Investigator (1888—1892), and subsequently
through the works of Kurian (1953), James (1969, 1971),
Price and Reid (1985) and Jayakumari (2004). While the
Investigator surveys covered both the shelf (Koehler 1898,
1910, 1914, 1922, 1927; Koehler and Vaney 1908) and slope
areas (Wood-Mason and Alcock 1891; Walsh 1891; Alcock
1893; Anderson 1894; Koehler 1897, 1899, 1909, 1922,
1927; Koehler and Vaney 1905), later surveys were mostly
restricted to intertidal and nearshore areas (<20 m depth).
Echinoderms of the coral reefs and associated habitats of the
Lakshadweep Archipelago, in the southwestern part of the
SEAS, have also been documented to some extent
(Anderson 1894; Koehler 1898, 1922, 1927; Bell 1902;
James 1969; Mukhopadhyay and Samanta 1983;
Mukhopadhyay 1991; Sastry 1991, 2007). Sastry (2007) pro-
vided a bibliographic list of echinoderms known from Indian
waters, which includes historic records from SEAS. The
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aforementioned surveys recorded a total of 133 species of
echinoderms from the SEAS, comprising 52 shallow-water
and 81 deep-sea species. Recent surveys of the Fishery
Oceanographic Research Vessel (FORV) Sagar Sampada
have also resulted in the description of a new species,
Asteroschema sampadae Parameswaran & Abdul Jaleel,
2012, from this region and the first record of a unique, sexu-
ally dimorphic brittle star Ophiodaphne scripta Koehler,
1904, from the Indian EEZ (Parameswaran et al. 2013).

Considering the threat of biodiversity loss through climate
change, global warming and ocean acidification, there is an
urgent need for documentation of marine biodiversity, partic-
ularly in regions that have been poorly studied. This paper
provides an updated checklist of echinoderms in the SEAS
as a whole, based on comprehensive surveys of the shelf and
slope areas (20—1500 m isobaths).

Materials and methods

Echinoderms collected from 26 systematic surveys for FORV
Sagar Sampada (FORVSS) were utilised for the present study.
The surveys were undertaken between 2003 and 2015, cover-
ing the continental shelf and upper slope (~20 m to 1500 m) of
the SEAS (7°-15° N, 73°-78° E). Naturalist dredges
(100 cm x 30 cm, 1 cm mesh bag) and Smith Mclntyre
Grabs (0.1 and 0.2 m? bite area) were used for collections
from the shelf (up to 200 m) and the slope (200-1500 m),
while high-speed demersal trawls (HSDT) were also used in
the slope region. While the aforementioned 26 surveys cov-
ered over 270 sampling sites, only 142 of these yielded echi-
noderm samples (Fig. 1), and these are listed in Table 1.

Taxonomic identification of the echinoderms was carried
out following the RIMS [Investigator expeditions (Walsh
1891; Wood-Mason and Alcock 1891; Alcock 1893;
Anderson 1894; Koehler 1897, 1898, 1909, 1910, 1914,
1922; Koehler and Vaney 1905, 1908; H. L. Clark 1909b,
A. H. 1912a, b), comprehensive keys (Fell 1960; Clark and
Rowe 1971) and other relevant taxonomic works (Madsen
1961; James 1968, 1971, 1987, 1997; A. M. Clark 1970;
Cherbonnier and Guille 1978; O’Hara and Stéhr 2006; Mah
2007 etc.). The status and validity of all taxa were checked and
updated using the World Register of Marine Species (WoRMS
Editorial Board 2016). Voucher specimens are deposited in the
FORV Referral Centre at the Centre for Marine Living
Resources & Ecology, Kochi.

In order to test the sufficiency of sampling, species
accumulation curves were plotted separately for the con-
tinental shelf (20-200 m) and slope (200—-1500 m) using
PRIMER 6 (Clark and Gorley 2006), and species estima-
tors (Chao 2, Jackknife 1 and 2) were calculated to deter-
mine the number of species likely to be encountered with-
in these depths with unlimited sampling. Species
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Fig. 1 Map of the northern Indian Ocean indicating the location of the
study area in the Southeastern Arabian Sea (inset) and bathymetric map of
the SEAS showing the sampling sites

checklists for each class of echinoderms in the SEAS
continental margin (Tables 2, 3, 4, 5 and 6, Figs. 2, 3, 4
and 5) were updated based on the present surveys and by
re-validation of all previous records from the region. The
latter includes records from nearshore (<20 m depth) and
deep-sea areas (>1500 m depth). Table 7 summarises the
status of knowledge of species diversity for each class
from the SEAS continental shelf and slope prior to and
following the present survey, including the numbers of
new records. A brief description is provided for species
recorded for the first time in Indian waters through the
present surveys.

Systematic account

Class Ophiuroidea Grey, 1840
Order Ophiurida Miiller & Troschel, 1840
Family Amphiuridae Ljungman, 1867
Genus Amphiura Forbes, 1843
Amphiura (Amphiura) constricta Lyman, 1879
Figure 21.
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Table 1 Station locations of

FORV Sagar Sampada surveys Site No. Cruise/ Station Latitude (N) Longitude (E) Depth (m) Date
1 219/12 9°50.16° 75° 32.86 988 19.12.°03
2 219/17 11° 5593 74°23.13° 525 21.12.°03
3 219/21 12° 46.14° 73°58.39 991 22.12.°03
4 2251 7° 1027 77°20.86 245 14.05.°04
5 225/8 8°55.30° 75°29.03 454 12.05.°04
6 233/11 9°56.28 75° 82.99 500 23.04.°05
7 233/15 10°59.29° 74° 59.52 992 14.04.°05
8 233/17 11° 56.54’ 74° 22.66° 523 17.04.°05
9 233/21 12°53.45 73° 47.00° 1000 18.04.°05
10 254/1 7°10.02° 77°19.21° 454 20.05.°07
11 254/12 9°50.16° 75°32.87 835 03.05.°07
12 236/10 9°52.20° 75°51.00° 48 03.08.°05
13 236/16 8°54.00° 76° 01.20° 95 04.08.°05
14 236/19 8°25.80° 76° 42.00° 58 05.08.°05
15 236/21 8°3.00° 77°21.00° 32 05.08.°05
16 236/22 7°55.80° 77° 55.80° 50 05.08.°05
17 260/56 7°25.98 77°29.68’ 108 25.12.°08
18 260/58 8°28.89 76° 43.46° 52 25.12.°08
19 260/64 8°57.90° 76° 23.33’ 32 26.12.°08
20 260/65 10°2.34° 75°59.717 32 26.12.°08
21 2671/1 7°59.28 77° 38.70° 30 30.05.°09
22 26712 7° 47.64° 77°30.26° 52 30.05.°09
23 2671/15 9°00.08 76° 23.52° 31 03.06."09
24 26711/8 11°13.25 75°20.30 50 10.06.709
25 26711/9 11° 14.84’ 75° 36.80 32 09.06.°09
26 26711/10 11°14.79° 74° 59.30° 101 10.06.709
27 26711/22 9°56.39 75°38.30 98 13.06.°09
28 26711/23 9°56.33 75°51.16° 49 13.06.°09
29 2701/17 11°15.35° 75°18.88’ 53 07.08.°09
30 2701/18 11°15.29° 75°37.19 30 07.08.°09
31 2701/22 9°56.68 75°38.12° 106 08.08.709
32 2701/23 9°56.18 75°50.57 52 08.08.°09
33 2701/24 9°55.94° 76° 00.04° 33 08.08.°09
34 2701I/1 9°00.28 76° 23.75° 30 14.08.°09
35 27011/9 8°30.34 76° 51.25° 31 16.08.°09
36 27011/10 8°29.69° 76° 43.68 53 16.08.°09
37 27011/19 7°59.26° 77° 36.64° 32 18.08.°09
38 27011/20 7° 4742 77°30.83’ 52 18.08.°09
39 27011/21 7°27.83 77° 30.09° 100 18.08.°09
40 27512 9°54.54° 75° 3549 116 13.05.°10
41 275/4 9°54.56° 76° 02.95° 33 14.05.°10
42 2757 9°20.97 75° 52.84 111 14.05.°10
43 275/8 9°20.84° 76° 05.75° 53 14.05.°10
44 275/12 8°28.71° 76° 28.99° 102 15.05.°10
45 275/15 8°03.41° 77°29.81° 24 16.05.°10
46 275/16 8°02.20° 77°29.95° 31 16.05.°10
47 27517 7°48.58 77°29.61° 51 16.05.°10
48 275/18 7°27.92° 77°31.14 100 16.05.°10

@ Springer



Mar Biodiv

Table 1 (continued)

@ Springer

Site No. Cruise/ Station Latitude (N) Longitude (E) Depth (m) Date

49 278/2 9° 54.00° 75° 31.44° 1120 08.08.”10
50 281/3 8°24.15 76° 1.64° 995 12.10.°10
51 282/7 8°01.55 76° 49.14° 86 15.11.’10
52 282/8 7°59.2° 77°10.76° 49 15.11.°10
53 282/10 8°26.01° 76° 47.94 53 20.11.°10
54 282/12 8°59.38 76° 17.33° 49 21.11.°10
55 288/1 10° 30.73° 75° 45.85° 41 04.08.°11
56 288/3 10° 30.53” 75° 31.67° 84 04.08.°11
57 288/6 11°12.42° 75° 05.55° 81 07.08.°11
58 288/10 11°57.52° 74° 41.16° 83 08.08.’11
59 289/2 9°56.54° 75°51.07 50 26.08.’11
60 289/3 9° 5549 75° 38.05” 109 26.08."11
61 289/9 9°00.12° 75° 56.80° 155 28.08."11
62 289/11 8°59.92° 76° 13.91° 53 28.08.°11
63 289/16 8°24.98 76° 32.46° 106 30.08.°11
64 289/17 8°26.30° 76° 47.16° 52 30.08.°11
65 289/18 8°27.05° 76° 53.96’ 38 30.08.°11
66 289/20 8°30.00° 76° 48'.00° 50 31.08.°11
67 289/21 8°30.00° 76° 48'.00° 51 31.08.°11
68 289/22 8°30.00° 76° 48'.00° 50 31.08.°11
69 289/29 8°30.00° 76° 48'.00° 51 02.09.°11
70 289/33 8°30.00° 76° 48'.00° 52 03.09.11
71 289/37 8°30.00° 76° 48'.00° 52 04.09.11
72 289/38 8°30.00° 76° 48'.00° 51 04.09.11
73 289/40 8°30.00° 76° 48'.00° 51 05.09.°11
74 289/41 8°30.00° 76° 48'.00° 52 05.09.°11
75 289/44 8°30.00° 76° 48'.00° 54 06.09.’11
76 289/45 8°30.00° 76° 48'.00° 52 06.09.11
77 289/49 8°30.00° 76° 48'.00° 52 07.09.11
78 289/50 8°30.00° 76° 48'.00° 51 07.09.°11
79 289/52 8°30.00° 76° 48'.00° 53 08.09.°11
80 289/53 8°30.00° 76° 48'.00° 51 08.09.°11
81 295/3 11°19.17 75° 18.90° 52 22.02.°12
82 295/6 11°56.19° 75° 00.76° 51 23.02.°12
83 295/20 9°46.07 75° 41.43° 98 27.02.°12
84 305/1 8°17.13 76° 12.42° 1069 19.10.°12
85 315/6 10° 24.50° 75° 39.90° 60 08.07.13
86 316/1 8°17.19° 76° 12.34° 1032 14.07.°13
87 316/2 7° 4748 76°27.31° 1324 15.07.°13
88 316/4 8°30.91° 76° 45.06° 49 16.07.13
89 316/5 8°25.44 76° 33.08’ 84 16.07.13
90 316/9 8°24.61° 75°52.71° 1245 17.07.°13
91 316/13 825297 76°21.38’ 52 18.07.°13
92 316/24 9°58.10° 75° 49.62° 55 20.07.13
93 3172 9°58.35° 75° 49.66° 54 30.07.13
94 317/3 9°58.13° 75°39.15° 100 31.07.°13
95 317/9 10° 22.53° 75° 56.67 30 02.08.13
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Table 1 (continued)

Site No. Cruise/ Station Latitude (N) Longitude (E) Depth (m) Date

96 317/14 11°59.40° 74° 56.33° 53 08.08.’13
97 317/28 13°52.78 73°49.83° 65 15.08.13
98 317/42 14° 4491’ 73° 58.30° 33 18.08.°13
99 3191 8°15.04° 76° 57.08° 51 07.09.13
100 3192 8°04.48° 76° 44.47 113 07.09.13
101 319/6 7°48.10° 77° 30.70° 53 08.09.13
102 319/8 7° 5324 76° 2577 1262 09.08.13
103 319/9 8°15.28’ 76° 01.89° 1338 10.08.°13
104 319/10 8°28.56 76° 51.50° 37 11.09.°13
105 319/11 8°28.43 76° 45.86° 50 11.09.°13
106 321/11 7°26.44° 76° 54.75° 124 08.12.°13
107 321/12 7°59.37 77° 18.76° 48 09.12.°13
108 321/13 8°08.63 77° 09.40° 49 09.12.°13
109 321/14 8°02.04° 76° 59.83° 56 09.12.°13
110 321/16 8°00.85 76° 2591’ 1154 10.12.°13
111 321/18 8°25.12° 75° 5518 1241 11.12.°13
112 321/20 8°31.78 75°59.74’ 1047 12.12.°13
113 329/33 12°51.02° 74°29.71° 53 27.09.°14
114 3302 12°50.32’ 74° 30.26° 51 04.10.°14
115 330/13 11°59.52° 74° 5718 52 08.10.’14
116 330/16 11°22.70° 75°17.71° 53 09.10.’14
117 330/17 11°23.64° 74° 52.12° 101 09.10.’14
118 330/26 10°29.57 75° 31.70° 88 12.10.’14
119 33027 10°29.33” 75° 41.98 51 12.10.’14
120 330/28 10° 29.82° 75° 51.40° 30 12.10.’14
121 330/30 9°57.63° 75°50.12° 51 13.10.°14
122 330/77 8°30.88’ 76° 43.50° 50 24.10.14
123 330/78 8°30.36 76° 50.62° 34 24.10.°14
124 330/79 8°48.02° 76° 33.58’ 33 25.10.°14
125 330/80 8°48.19° 76° 22.33° 52 25.10.°14
126 330/81 8°48.71° 76° 04.57 96 25.10.°14
127 333/1 9° 5748 76° 00.12° 33 13.12.°14
128 333/2 10° 00.08’ 75° 49.99° 52 13.12.’14
129 333/8 12° 49.75° 74° 30.35° 52 15.12.°14
130 340/7 12°49.70° 74° 30.30° 52 24.05.°15
131 340/14 11°21.57 75°17.67 54 25.05.°15
132 340/17 9°56.31° 75° 5097 52 26.05.°15
133 340/21 8°29.93 76° 50.88’ 35 28.05.°15
134 340/22 8°2945 76° 43.77 52 28.05.°15
135 340/27 7°26.93° 77° 31.69° 109 30.05.°15
136 343/16 11°22.39 75°17.38 55 13.08.°15
137 343/17 11°21.12° 74° 58.55° 115 13.08.°15
138 343/24 9°57.76° 75° 47.69° 31 15.08.°15
139 343/26 8°29.71° 76° 43.48° 54 16.08.15
140 343/27 8°30.07° 76° 26.43° 110 16.08.15
141 343/30 7°12.71° 77° 31.02° 204 18.08.15
142 343/32 7° 47.52° 77° 30.01° 55 18.08.’15
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CMLRE voucher

no.

FORVSS survey sites
(see Table 1)

Record in SEAS

Distribution in Indian &
adjacent waters*

Table 3 (continued)

No. Species

@ Springer

(10/SS/ ECD/#)

Region References

58,61,769,70,71, 76,77, 80,
81, 82, 83, 85,93, 94, 99, 108,
109, 107, 118, 128, 129, 136,
137, 140-142

12, 15, 20, 21, 22, 30, 32, 33, 39,
40, 42, 44, 46, 47, 52, 56, 57,

Koehler 1897, 1899

Koehler 1899

Slope

SEAS, ANI

49. Ophiura aequalis (Lyman, 1878)
50. Ophiura undulata (Lyman, 1878)

Slope

SEAS, GoM

*Sources: Jayakumari (2004), Sastry (2007), Parameswaran and Abdul Jaleel (2012), Parameswaran et al. (2013)

? First report from Indian waters

® A. H. Clark (1915) reports this species from “Sri Lanka’, but the exact collection location is not provided

Andaman & Nicobar

= Western Bay of Bengal, ANI =

Gulf of Mannar, WBoB

Maldives, GoM =

Lakshadweep Islands, MI =

Northeastern Arabian Sea, SEAS = Southeastern Arabian Sea, LI =

NEAS

Islands

Note: A revised classification of the Ophiuroidea is pending, as evidenced in the recent works on the higher taxonomy of this group (O’Hara et al. 2014, 2017; Thuy and Stéhr 2016). The classification

adopted in this paper (following Stohr et al. 2012 and Okanishi and Fujita 2013) is liable to be obsolete with the publication of the new classification

Collection locations: Stn. 63, 115. Naturalist dredge and
Smith-McIntyre grab.

Diagnosis: Disc diameter 3—5 mm, arms about 7—8 times
this length, disc covered entirely with small imbricating
scales; radial shields narrow, elongate, over three times as long
as wide; primary rosettes distinct. Oral shields spearhead-
shaped, with a small distal prolongation; one long, spine-like
distal oral papilla on each side. One tentacle scale. Six arm
spines at the base of the arm, the second ventral-most spine
with a small, glassy, distally directed hook; dorsal spine larger
than the rest. Colour white.

Distribution: SE Arabian Sea, North Australia,
Philippines.

Amphiura (Fellaria) heptacantha (Mortensen, 1940)

Figure 3q, b.

Collection locations: Stn. 46, 142. Smith-McIntyre grab.

Diagnosis: Disc diameter 2 mm; scales present only
around the radial shields, which are long and bar-like,
with a small gap between them, rest of the disc naked,
highly contorted; arms very long, all broken. Distal oral
papillae not present on all jaws (possibly lost), scale-like
with a rounded distal edge. Tentacle scales absent. Arm
spines number 7, all flattened, and most with a rugose
edge. Colour white.

Distribution: SE Africa (Mozambique), SE Arabian Sea,
Persian Gulf, W Australia.

Genus Ophiosphaera Brock, 1888

Ophiosphaera insignis Brock, 1888

Figure 3c—e.

Collection locations: Stn. 52. Naturalist dredge.

Diagnosis: Disc diameter 2—-3 mm, arms about 2-3 times
this length. Disc distinctly domed and composed of a mosaic
of small, hard scale-like plates; radial shields small, twice as
long as wide, contiguous; outer edge of disc demarcated by a
row of erect scales. Oral apparatus small; three glassy apical
oral papillae, separated from two minute scale-like distal oral
papillae by a wide diastema. Arm spines number 3 at the base
of the arm, increasing to 6 at segment 4-5, decreasing beyond
proximal part of the arm; lowermost arm spine conspicuously
enlarged, about twice the corresponding segment length, club-
like and hollow, spines decreasing in length towards the dorsal
side. Colour cream.

Distribution: Seychelles, SE Arabian Sea, Malay
Archipelago, Philippines, New Caledonia, Fiji.

Remarks: Specimen was collected in association with
echinoid Salmaciella dussumieri L. Agassiz in L. Agassiz
& Desor, 1846, and the species is known to be epibiont on
echinoids (e.g. Koehler 1930; Cherbonnier and Guille
1978). This species is also known to show sexual dimor-
phism, with a dwarf male being attached to the oral side
of a larger female (Koehler 1930). Only two females were
collected during the present surveys, without any epibiont
males.
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Fig. 2 a, b Astropecten polyacanthus, a aboral view showing spines on
first supero-marginals and two subsequent supero-marginals reduced and
spineless, b paxillae and supero-marginals on middle part of arm; ¢, d
Astropecten vappa, ¢ aboral view, d paxillae and supero-marginals of arm
base; e, f Ceramaster cuenoti, e aboral view, f marginal plates, almost
naked, with a well-defined row of granules along their edges; g
Goniodiscaster forficulatus, aboral view; h, i Zoroaster alfiedi, h aboral

Family Ophiacanthidae Ljungman, 1867
Genus Ophiacantha Miiller & Troschel, 1842

view, i proximal part of ambulacrum showing large bivalve pedicellariae
attached to the spines and bunches of small pedicellariae attached to their
base; j Amphioplus (Lymanella) depressus, oral apparatus showing con-
tiguous row of 4 oral papillae; k Amphiura ambigua, oral view showing
spearhead-shaped oral shield and single distal oral papilla; 1 Amphiura
constricta, oral view showing spine-like distal oral papillae

Ophiacantha dallasii Duncan, 1879
Figure 3f g.

@ Springer
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Fig.3 a, b Amphiura (Fellaria) heptacantha, a aboral view, b oral view.
c—e Ophiosphaera insignis, ¢ dorsal view, d disc margin showing the high
disc and row of erect marginal scales, e oral apparatus; f, g Ophiacantha

Collection locations: Stn. 108. Naturalist dredge.

Diagnosis: Disc diameter 3 mm, disc covered above and
below by short trifid stumps, more or less obscuring radial
shields. Oral shields roughly triangular with a rounded distal
margin; adoral shields larger than oral shields, with distal

@ Springer

dallasii, f aboral view, g oral apparatus; h Bathypectinura heros, aboral
view; i, j Ophioconis cupida, i aboral view, j oral apparatus; k, 1
Ophiothrix (Ophiothrix) aristulata, k aboral disc spines, 1 arm spines

prolongations which extend beyond the lateral margins of
the oral shields; three oral papillae on each side, the outer
one larger, but less than twice as wide as long. Arm distinctly
moniliform. Small spiniform tentacle scales on basal arm seg-
ments. Up to seven arm spines; on the second free arm
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Fig. 4 a, b Ophiura kinbergi, a aboral view, b oral view; ¢ Stereocidaris
alcocki, apical system; d Salmacis virgulata, entire organism; e
Sculpsitechinus auritus, aboral view with epibionts Ophiodaphne
scripta (arrow); f Echinolampas alexandri, entire organism; g Lovenia
elongata, entire organism; h Leptopentacta imbricata, middle portion

segment, spines from either side contiguous, and dorsal row of
spines more than twice as long as other spines. Colour greyish
white.

Distribution: SW Africa (Mozambique), SE Arabian Sea,
N & NW Australia, Malay Archipelago, South China Sea,

showing imbricating, plate-like arrangement of skin; i, j Stolus buccalis,
i entire organism with tentacles everted, j nodose button from skin; k
Thyone dura, entire organism; 1 Teliocrinus springeri springeri, base of
crown showing first two brachitaxes

Philippines, New Caledonia, Fiji. Also collected from
Nicobar Islands during FORVSS surveys (50 m depth off
Car Nicobar, Catchall & Nancowry Islands).

Remarks: Specimens collected in association with a
gorgonid.

@ Springer
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Fig. 5 Species accumulation 100+ A Sobs
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Family Ophiodermatidae Ljungman, 1867

Genus Ophioconis Liitken, 1869

Ophioconis cupida Koehler, 1905

Figure 3i, j.

Collection locations: Stn. 52, 108. Naturalist dredge.

Diagnosis: Disc diameter 5 mm, arms 2—3 times this length;
disc with a well-defined dorsolateral margin, and wholly cov-
ered with uniform rounded granulation, which is dislodged eas-
ily to reveal thin imbricating scales underneath; radial shields
indistinct. Oral shields rounded or sub-triangular, covered partly
by granulation, as are the adoral shield and oral plates; apical
oral papillae indistinguishable from these granules; a row of
three oral papillae along the edge of the jaw. Teeth extremely
wide, with a rounded, serrated and hyaline edge. Arm spines
numbering 7-9, flattened, as long as the corresponding seg-
ment. Colour white to light grey with dark mottling.

Distribution: Red Sea, Gulf of Aden, SE Arabian Sea,
Solomon Islands, New Caledonia, Wallis & Futuna Islands.

Class Crinoidea

Order Comatulida

Family Colobometridae A. H. Clark, 1909

Genus Petasometra A. H. Clark, 1912

Petasometra helianthoides A. H. Clark, 1912

@ Springer

Collection locations: Stn. 52. Naturalist dredge.

Diagnosis: Colobometrid with 10 arms; IBr2, first syzygy
between segments 3 and 4, second between 9 and 10. Pinnules
simple; first inner pinnule lacking; first and second exterior
pinnules of the same size. Cirri with 12 segments, bearing
aboral transverse ridges on all and an opposing spine on the
last. Colour white with dark blotches on the arms.

Distribution: Petasometra helianthoides is known from
northern Australia and SE Arabian Sea. The only other known
species in the genus, P. clarae, is reported from the Malay
Archipelago.

Remarks: Only two species—P. helianthoides and
P. clarae (Hartlaub, 1890)—are known in the genus (both
from very few specimens), and these are suspected to be syn-
onymous (Clark and Rowe 1971). Only character
distinguishing the species is the number of arms (10-14 in
P, helianthoides and 15-31 in P. clarae).

Results and discussion

In the present surveys, a total of 76 species of echinoderms
were recorded from SEAS, including 29 species previously
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Table 7 Updated species richness of echinoderms in the SEAS
Previous Species recorded in the present surveys Total species
records from recorded from
the SEAS* Recorded in present New records Total species the SEAS (re-
surveys & previously for the SEAS* recorded during the validated)
known from SEAS present surveys
Class Asteroidea Shelf 5 2 6 8 11
Slope 22 8 2 10 24
Total 27 10 8 18 35
Class Ophiuroidea Shelf 7 4 20 (6) 24 27
Slope 20 3 3 6 23
Total 27 7 23 30 50
Class Echinoidea Shelf 19 5 6 11 25
Slope 18 2 0 2 18
Total 37 7 6 13 43
Class Holothuroidea Shelf 18 2 3 5 21
Slope 14 2 1 3 15
Total 32 4 4 8 36
Class Crinoidea Shelf 3 0 6 (1) 6 9
Slope 7 1 0 1 7
Total 10 1 6 7 16
Total Echinodermata Shelf 52 13 41 54 93
Slope 81 16 6 22 87
Total 133 29 47 76 180

Shelf refers to the continental shelf (including near shore areas) up to 250 m depth

Slope indicates the continental slope (and continental rise), at depths from 250 m to ~2200 m

*Includes species recorded outside the depth range surveyed in the present study (<20 m or >1500 m)

*Numbers in parenthesis indicate species that are new records for the Indian EEZ

known from SEAS, 38 species previously known from other
parts of the Indian EEZ (i.e. NE Arabian Sea, Lakshadweep
Islands, Gulf of Mannar, W Bay of Bengal or Andaman &
Nicobar Islands) or adjacent areas (e.g. Maldives), seven new
records for Indian waters and one new species, Asteroschema
sampadae. Of these 76 species, 54 species were collected
from the continental shelf of the SEAS (20-200 m). The
Ophiuroidea were represented by 24, Asteroidea by eight,
Holothuroidea by five and Crinoidea by six species. The sev-
en new records for the Indian EEZ were collected from the
shelf region, and included six species of ophiuroids and one
species of crinoid. Among these, a detailed description of one
ophiuroid, Ophiodaphne scripta (Koehler, 1904), which ex-
hibits sexual dimorphism and an epibiotic life habit, is pub-
lished separately (Parameswaran et al. 2013). The remaining
six species are briefly described above. Photographic plates
(Figs. 2, 3 and 4) depict the diagnostic characters of the new
records as well as other common species collected in the pres-
ent surveys, and these are arranged in order of appearance in
the checklists. From the slope region (200-1500 m), 22 spe-
cies in 18 families were recorded, representing 10 species of
Asteroidea, six of Ophiuroidea, two of Echinoidea, three of

Holothuroidea and one species of Crinoidea. Nearly all the
records for the slope region represented rediscoveries of spe-
cies collected and described through the RIMS Investigator
surveys. The predominantly deep-sea echinoid species,
Stereocidaris alcocki (Cidaridae), was recorded at one site in
the shelf (at 51 m depth). Apart from this, the species compo-
sition of echinoderms in the shelf and slope were entirely
distinct. Although the validity of the deep-sea cucumber
Perizona magna Koehler & Vaney, 1909, was doubted by
Sastry (2007), specimens matching well with the original de-
scription were collected in the present surveys.

Species estimators for the continental shelf (Fig. 5a) and
slope (Fig. 5b) predicted the occurrence of up to 86 species in
the shelf between depths of 20 and 200 m (Chao 2 estimator:
74 £+ 10; Jackknife 1 estimator: 77; Jackknife 2 estimator: 86
species) and 62 species in the slope between depths of 200 and
1500 m (Chao 2 estimator: 42 + 20; Jackknife 1 estimator: 31;
Jackknife 2 estimator: 37 species). The present surveys at
these depths were able to record 64% of the highest estimated
diversity in the shelf and 54% in the slope region. Notably,
only 48 to 72% of estimated species could be collected in the
Cape Comorin region (~7-8° N), as the hard bottom and

@ Springer
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uneven contours restricted intensive sampling, while the ob-
served number of species nearly equalled the estimator values
in the region north of Kochi (10-15° N). While previous stud-
ies report only 54 species from the SEAS shelf, the present
study provides an additional 41 new records in the SEAS.
With relatively limited observations in the slope, the present
study recorded 22 species, of which five were new to the
SEAS and one was a new species.

With the findings of the present survey, the total number of
echinoderm species in the SEAS is now re-validated as 180,
comprising 93 species from the continental shelf (Tables 2, 3, 4,
5, 6 and 7) and 87 species from the slope (Tables 2, 3, 4, 5, 6 and
7), as against the previous record of 133 species (Table 7). From
the updated checklists, it is evident that for the SEAS continen-
tal margin as a whole (Table 7), the Ophiuroidea were the most
diverse (50 species), followed by the Echinoidea (43 species),
Holothuroidea (36 species) and Asteroidea (35 species), while
the Crinoidea were relatively less diverse (16 species).

Echinoderms are known to be highly vulnerable to climate
change, ocean acidification, oxygen depletion and bottom
trawling. Within the SEAS, the intense seasonal hypoxia in
the shelf (Naqvi et al. 2006) and the perennial Arabian Sea
oxygen minimum zone (Helly and Levin 2004), as well as
intense bottom trawling (Abdul Jaleel et al. 2015), significant-
ly impact benthic fauna (Ingole et al. 2010; Abdul Jaleel et al.
2014, 2015) and can alter the diversity and distribution of the
echinoderms. In this context, the present paper provides com-
prehensive species inventory of the phylum Echinodermata in
the sizeable area of the SEAS, which can serve as a baseline
document, for example, for impact assessment studies or for-
mulation of conservation strategies.
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