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species (the order of site abundance being: D. setosum, Echinometra sp. C, E. calamaris, T. gratilla,
Echinometra sp. A, D. savignyi, E. molaris, L. laganum, Echinometra sp. B, S. sphaeroides ? H.
mammillatus, M. globulus, P. imperalis, M. sptagus, E. diadema, M. dicrana, T. pileolus, and A. placenta)
were found in at least three regions.

In the class Holothuriodea, 11 species belonging to 5 genera and 5 families were found. Six of the
species (the order of site abundance being: H. (H.) atra, H. leuscopilota, H. (H.) edulis, S. maculata, B.
bivittata, and A. echinites) were found in at least four regions. Two (H. (M.) nobilis and H. (T.) hilla)
of the remaining five species were found in two regions while the remaining species, S. varigatus, S.

varigatus ?, A. lecanora, and H. (S.) flavomaculata ? were found in this region only.

7 Sorong

Sorong is located at the western end of Irian Jaya. At Sorong, research was done at Kasuari Cape
only. Fringing reefs are developed. The substrates from moat to reef flat are mainly covered by sand
with seagrass; and near the reef edge, seaweed grows on the rock substrate. Living corals are not
found. The reef edge is not accessible because of the strong wave action.

In the class Asteroidea, 2 species belonging to 2 genera and 2 families were found. These species
(L. laevigata and C. navaeguineae) were very common, being found in more than seven regions.

In the class Echinoidea, 7 species belonging to 6 genera and 5 families were found. All of these
species (the order of site abundance being: D. setosum, E. calamaris, T. gratilla, L. laganum, Echinometra
sp. C, S. variolaris, and Echinometra sp. D)} were found in more than five regions.

In the class Holothuroidea, 4 species belonging to 3 genera and 2 families were found. All of
these species (the order of site abundance being: H. (H.) atra, H. leuscopilota, S. maculata, and B.

bivittata) were found in more than three regions.

8 Biak Island

Biak Island is located at the mouth of the Cendderawasih Gulf in the north of Irian Jaya. At Biak
Island Biak, Ambroben, Parai, and Bosnik Beach, situated on the south coast, and Arunam, situated on
the northeast coast of the island, were researched.

Fringing reefs are found at Parai and Arunamu, but live corals are not growing there. At the
other sites, live corals are not found either. This is probably the effect of low salinity due to a fresh
water spring near the sea shore. The substrates from moat to reef flat and the substrates at Ambroben
consist of sand with seagrass. However, the substrates at the other sites are comprised of rocks. The
wave condition on the southern coast sites (ie, Biak, Ambroben, Parai, and Bosnik Beach) is very
calm, but on the northeastern coast site, Arunam, strong waves constantly break on shore.

In the class Asteroidea, 6 species belonging to 6 genera and 4 families were found. Five of these
species (L. laevigata, A. planic, P. nodosus, N. tuberculata, and C. navaeguineae) were found in at least
five regions with the remaining species, E. luzonicus, being found in two regions, Kie Kecil and this
region.

In the class Echinoidea, 16 species belonging to 11 genera and 6 families were found. Fifteen of
the species (the order of site abundance being: H. mammillatus, Echinometra sp. C, E. diadema, F.
calamaris, E. molaris, Echinometra sp. A, D. setosum, D. savignyi, S. variolaris, M. globulus, T. gratilla, T.
pileolus, P. imperalis, H. trigonarius, and Echinometra sp. D) were found in more than three regions
whereas the remaining species, E. metularia, is found at Bali Island and this region.

In the class Holothuroidea, 7 species (one species being identified to genus level) belonging to 5
genera and 3 families were found. Five of the species (the order of site abundance being: H.
leuscopilota, H. (H.) atra, T. ananas, S. maculata, and A. echinites) were found in more than three
regions while the remaining two species (the order of site abundance being: B. argus and Bohadschia

sp.) were found in this region only.
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9 Sumba Island

Sumba Island is one of the islands in the Lesser Sunda chain. The island is located in the middle
of the island chain. Research was conducted at eight sites on the island. The sites located in the
northeast of the island were at Kapundok, Londalima, Waingapu, Walokiri, and Melolo. The sites
located along the south coast facing the Indian Ocean were at Marossi, Rua, and Pero (on the west end
of the island).

All sites on the northeast coast of the island are shallow to far offshore. The substrates of these
sites consist of sand with seagrass; silt sedimentation is also found. The sea water visibility is low.
Live coral is scarcely found. The wave condition is very calm. At Kapundok, fringing reefs are
formed, and coal debris is found. At the sea shore on Waingapu, some mangroves are growing. At
Londalima, fringing reefs are developed, and many species of coral are found. The substrates from
moat to reef flat consist mainly of sand, but seagrass also grows. The sea water visibility is good
compared to the other sites. The wave condition is calm, the same as the other sites.

Fringing reefs are developed at Marossi, Rua, and Pero. The substrates at Marossi consist mainly
of clay, but seagrass grows there too. The reefs are very wide, and the moat is well developed. The
water visibility in the moat is low. At Rua, the reefs are narrow and the moat is not developed. The
substrates are composed of rocks with some corals growing on it. At Pero, the moat is well developed,
and it is possiblc to swim in if at low tide because wave intrusion is prevented at the reef edge. The
substrates near the shore consist of sand, but in the moat and reef flats, the substrate is composed of
soft lime stone. Seagrass or seaweed are not found, but the intricately structured lime stone makes
good refuge for animals. Sea water visibility in the moat is very good due to the constant circulation
of sea water. There are large waves at these three sites.

In the class Asteroidea, 4 species belonging to 4 genera and 2 families were found. All of these
species (the order of site abundance being: N. tuberculata, L. laevigata, C. navaeguineae, and P. nodosus)
were found in at least five regions.

In the class Echinoidea, 24 species belonging to 16 genera and 10 families were found. This was
the most species recorded in all of the regions. Twenty-one species (the order of site abundance being:
Echinometra sp. C, E. calamaris, Echinometra sp. B, D. setosum, T. gratilla, L. laganum, S. variolaris, S.
sphaeroides ?, E. diadema, E. molaris, Echinometra sp. D, Echinometra sp. A, T. pileolus, P. indiana, M.
sptagus, M. globulus, H. trigonarius, H. mammillatus, E. aciculatus, D. savignyi, and A. placenta) were
found in at least three regions. Two species, T. elegance (Fig. 2) and P. baculosa, of the remaining
three were found in two regions. And the last species, E. cyclostomus, was found in this region only.

In the class Holothuroidea, just one species, S. maculata, was found. This species was found in

eight regions other than this region.

10 Komodo Island

Komodo Island is located in the middle of the Lesser Sunda. Only one site, the shore in front of
KSDA, the conservation department, at Loh Liang, was researched on the island. The shore faces the
bay where the waves are very calm, and the water remains shallow far off from shore. Fringing reefs
are formed, and the substrates from moat to reef flat are mainly sand with seagrass and silt
sedimentation. Debris from the corals is accumulated near the reef edgé. At the reef edge itself, stony
corals are scarcely found; instead soft corals flourish there. The waves are very calm, and sea water
visibility is low.

In the class Echinoidea, 11 species belonging to 9 genera and 7 families were found. Ten species
(T. gratilla, S. variolaris, S. sphaeroides ?, M. globulus, E. aciculatus, Echinometra sp. C, Echinometra sp.
A, D. setosum, D. savignyi, and L. laganum) were found in more than three regions, but the remaining
species, B. australsia, was found in this region only. Species of the classes Asteroidea and

Holothuroidea were not found.



11 Bali Island

Bali Island is located on the border between the Greater Sunda and the Lesser Sunda. On this
island, four sites were selected for research. On the north coast facing the sea, research was done at
Lovina Beach. On the east coast facing the Lombok Strait, research was carried out at Amed. And
on the south coast, research was conducted at Kuta Beach (facing the Indian Ocean) and at Nusa Dua
(east of Badung Peninsula).

Fringing reefs are formed at Nusa Dua and Amed, but the reef formations differ. At Amed, there
is no moat. And the substrates change from sand without seagrass or seaweed near shore, to live coral
areas on the reef edge in the offshore areas. At Nusa Dua, a moat about two meters deep is formed
at low tide with the substrates consisting mainly of sand and seagrass. Moreover, corals grow on rocks
scattered in the moat. The water circulation within the moat is constant, which makes for high
visibility in the moat. The substrates from reef flat to reef edge are composed of rocks, which are
completely visible at low tide. Wave action is very strong at the reef edge at Nusa Dua, but it is calm
at Amed. At Lovina and Kuta beaches, patchy coral communities lie scattered on the sand substrate.
Seagrass grows on the sand substrates at Kuta Beach, but not at Lovina Beach, which faces a shallow
and calm sea where visibility is very poor. Silt sedimentation is also found in this region. On the
other hand, at Kuta Beach, the waves are very strong, stirring up sand resulting in poor sea water
visibility.

In the class Echinoidea, 19 species belonging to 12 genera and 7 families were found. The
seventeen species (the order of site abundance being: Echinometra sp. C, Echinometra sp. B,
Echinometra sp. A, D. setosum, E. calamaris, E. molaris, E. aciculatus, Echinometra sp. D, D. savignyi, T.
gratilla, T. pileolus, S. variolaris, P. indiana, M. globulus, L. laganum, H. mammillatus, and E. diadema)
were found in at least three regions. The remaining two species, 7. elegance (Fig. 2) and E. metularia,
were found in two regions only.

In the classes Asteroidea and Holothuroidea, only P. nodosus and H. (H.) atra were found. These

two species were common species.

12 Pelabuhan Ratu

Pelabuhan Ratu is a bay located near the west end of Java Island and faces the Indian Ocean.
Four sites were selected for research. Ujung Genteng is at the south end of the bay, and Karan Aung,
Cikambang, and Karang Traje are located in the innermost part of the bay.

At Ujung Genteng, fringing reefs are formed, and large waves break at the reef edge. The water
depth from moat to reef flat is very shallow. The substrates in these areas are comprised mainly of
sand with a little seagrass growing here and there. Coral reefs are not developed at Karang Aung,
Cikambang, and Karang Traje. At Karang Aung, the substrates consist of rocks and very large waves
constantly break at the shore. At Cikambang, the waves are not so big as at Karang Aung, and sea
water visibility is very low. At Karang Traje, the sea shore is composed of rock, and at the end of the
reef to offshore areas, very big waves are constantly breaking.

In the class Echinoidea, 8 species belonging to 6 genera and 3 families were found. All of these
species (the order of site abundance being: H. trigonarius, S. variolaris, E. molaris, Echinometra sp. D, C.
atratus, Echinometra sp. B, Echinometra sp. A, and D. setosum) were found in more than three regions.

Species of the classes Asteroidea and Holothuroidea were not found.

13 Nias Island
Nias Island belongs to the island chain lying to the southwest of Sumatra Island. On Nias Island,
research sites were located at Sifahandro Beach at the tip of the northwestern part of the island; Gamo,
Gunung Sitoli, and Fowa Beach along the northeastern coast of the island; Teluk Dalam and Sorake
Beach at the southeastern tip of the island; and Mo’ale Beach in the southwest of the island.
Fringing reefs are developed at Teluk Dalam, Sorake Beach, and Mo'ale Beach. The substrates at



17 B 7R N AR B (e r 73, v =8, P ad

Teluk Dalam consist of sand with seagrass while the substrates at Sorake Beach and Mo’ale Beach are
comprised of mainly rock. Seaweed is growing at Sorake Beach, but neither seagrass nor seaweed are
found at Mo’ale Beach. Coral grows at the reef edge of Teluk Dalam and Mo'ale Beach; but at the reef
edge of Sorake Beach, coral is scarce. The reef edges at Mo'ale and Sorake beaches are exposed to
very big waves. However, at Teluk Dalam, facing the bay, waves are comparatively small.

Coral reefs are not developed at Sifahandro Beach, Gamo, Gunung Sitoli, and Fowa Beach. The
substrates at Sifahandro Beach are rocks; but at the other sites, the substrates consist of mainly sand
with seagrass. At every site, live coral is scarce and wave conditions are clam. Sea water visibility
near Gunung Sitoli is low due to the river flowing into the sea near the site.

In the class Asteroidea, 4 species belonging to 4 genera and 3 families were found. Three species
(A. planic, C. navaeguineae, and L. laevigata) were found in more than five regions while the remaining
species, P. hybridus ?, was found in this region only.

In the class Echinoidea, 13 species belonging to 10 genera and 5 families were found. Eleven
species (the order of site abundance being: E. calamaris, E. diadema, Echinometra sp. B, D. setosum, T.
gratilla, E. molaris, Echinometra sp. D, D. savignyi, L. laganum, H. trigonarius, and T. pileolus) were
found in more than three regions while the remaining two species, C. atratus and S. lacunosus, were
found in two regions only.

In the class of Holothuroidea, 8 species (species with a question mark not being counted)
belonging to 5 genera and 3 families were found. Seven species {the order of site abundance being:
H. leuscopilota, S. maculata, H. (H.) atra, S. horrens, H. (M.) fuscocinera ?, B. bivittata, and A. echinites)
were found in more than two regions with the remaining species, A. mauritiana, being found at Ambon

Island and in this region.

14 Bintan Island

Bintan Island is located off the southern tip of the Malay Peninsula in the southern part of the
South China Sea. Six research sites were selected around the isiand. On the west coast of the island,
Malaugrapat located at the north of Torikora Beach was researched. At the north end of the island,
Brakit Cape was researched whereas, on the north coast, Lagoi and Sambang Cape became the research
sites. Soreh Island located in the Riau Strait off Tanjung Pinang was also researched. And, finally,
Mapur Island off the east coast of the island was researched.

Fringing reefs are developed at Sambang Cape, Soreh Island, and Mapur Island. All these sites are
shallow far off from shore where substrates from moat to reef flat consist mainly of sand with
seagrass. Coral grows at the reef edges, but the number of species and live coral coverage are limited
due to the low visibility of the sea water. As for the other sites, coral reefs are not developed, and
seagrass grows in the shallow-water sand substrate among scattered patchy coral communities. At
Lagoi, live corals are not found. The waves are very clam, and the sea water visibility is low at all
sites around Bintan Island.

In the class Echinoidea, 3 species belonging to 3 genera and 2 families were found. All of these
species (the order of site abundance being: D. setosum, E. calamaris, and L. laganum) were found in
more than 10 regions.

In the class Holothuroidea, 6 species belonging to 2 genera and 2 families were found. Five
species (the order of site abundance being: H. leuscopilota, S. horrens, H. (H.) edulis, H. (M.)
fuscocinera?, and H. (H.) atra) were found in at least three regions while the remaining species, H. (7.)

hilla, was found both in Kei Kecil and this region. Species of the class Asteroidea were not found.

15 Seribu Islands
The Seribu Islands are located off Jakarta in the Java Sea. Kotok Besar was selected as the
research site in these islands. It is located about twenty kilometers from the Javanese mainland.

Around Kotok Besar, fringing reefs are developed. Almost all the substrates from moat to reef
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flat are sand with flourishing seagrass. At the reef edge, coral is abundant with sea water visibility
being comparatively good. The waves are very calm.

In the class Asteroidea, 4 species belonging to 4 genera and 3 families were found. All these
species (N. tuberculata, L. laevigata, C. navaeguineae, and A. planic) were found in more than four
regions.

In the class Echinoidea, 7 species belonging to 6 genera and 4 families were found. All these
species (M. globulus, E. calamaris, E. molaris, Echinometra sp. A, Echinometra sp. B, D. setosum, and L.
laganum) were found in more than seven regions.

In the class Holothuroidea, 8 species belonging to 4 genera and 3 families were found. All these
species (S. maculata, S. horrens, S. chlorontus, H. leuscopilota, H. (M.) fuscocinera ? H. (H.) edulis, H.
(H.) atra, and B. biviitata) were found in at least three regions.

Discussion
Observed species

Clark and Rowe (1971) made a faunal list of the Indo-West Pacific shallow-water (i.e, shore line
to twenty meters deep) Echinoderm in sixteen areas, based on the published literature. One of these
areas, the East Indies, covers an extensive area from the Malay Peninsula to Indonesia and Papua New
Guinea. The data of Clark and Rowe (1971) showed that the East Indies is inhabited by the most
abundant shallow-water Echinoderms in the Indo-West Pacific. The classes Crinoidea, Echinoidea and
Holothuroidea have the most abundant fauna. The Echinoidea fauna are composed of 84 species
belonging to 44 genera and 21 families; and the Holothuroidea fauna are composed of 142 species
belonging to 51 genera and 11 families. The class Asteroidea has the second most abundant fauna
with 108 species belonging to 40 genera and 14 families.

In the class Asteroidea, 14 species belonging to 12 genera and 8 families were found, 16.1% of the
number of species described by Clark and Rowe (1971). Among these species, P. hybridus and T.
catalai were not yet described for the East Indies. P. hybridus has been described for the South Pacific
islands only (Clark & Rowe, 1971). 7. catalai is not on their list, but it is distributed in the Bonin
islands, the Okinawa islands, the Philippines, Indonesia, Papua New Guinea, Hawaii, and New Caledonia
(Colin & Arneson, 1995; Gosliner et al, 1996).

In the class Echinoidea, 38 species belonging to 29 genera and 16 families were found, 45.2% of
the number of species described by Clark and Rowe (1971). Among these species, four (7. elegance,
E. aciculatus, S. latecarinatus, and B. australsia) were not described for the East Indies. E. aciculatus and
S. latecarinatus have been described for five areas in the Indo-West Pacific, but B. australsia was
described for northern Australia only. 7. elegance (Fig. 2) was not listed, but it has been found in
Kyusyu (Mortensen, 1943; Shigei, 1981) and Okinawa, in southern Japan. In the present study, this
species was very rare with only two individuals being found at Pero, Sumba Island, and at Nusa Dua,
Bali Island, respectively.

Echinometra spp. A, B, C, and D have recently been classified as four different species based on
spine color, the spicules in the gonads and tubefeet, and cross-fertilization experiments (Tsuchiya &
Nishihira, 1984; Uehara, 1990). Later, a biochemical study showed these four species to be very closely
related (Mastuoka & Hatanaka, 1991). Arakaki and Uehara (1995) reported characteristics and
distribution of these four species in Indonesia. One sample collected at Siladen Island, North Sulawesi,
is still being processed for identification (Fig. 2). This particular sea urchin is difficult to identify
even at genus level (Shigei, personal communication).

In the class Holothuroidea were found 26 species (three specimens at genus level identification)
belonging to 6 genera, and 3 families were found equaling 16.8% of the number of species described
by Clark and Rowe (1971). Among these species, four (S. noctivagus, H. (T.) turricella, B. bivittata, and
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Fig. 2. Sea urchin photographs. 1, Hetrocentrotus trigonarius with slender spines; 2, H. trigonarius with
club-shaped spines; 3, Toxopneustes elegance from aboral view; 4, 7. elegance from oral view; 5,

unidentified species from aboral view; 6, unidentified species from oral view. Scale is 5 cm.

S. media) had not yet been described for the East Indies (Clark & Rowe, 1971). B. bivittata was
described for three areas, the South China Sea, the Philippine islands, and the South Pacific islands, but
the other three species did not appear on their list. S. noctivagus and S. media have been described for
the Philippine islands, Papua New Guinea, and New Caledonia (Colin & Arneson, 1995; Gosliner et al.,
1996).
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Fig. 3. Tree diagram for fifteen regions based on Echinoidea fauna similarities. The tree was drawn up
using unweighted pair-group average methods, based on Sorensen's coefficient (CC=2c¢/(s1+s2),
c: number of species in common to both communities; s1 and s2: number of species in
communities 1 and 2, The figures indicate regions as follows: 1, North Sulawasi; 2, Balikpapan;
3, Ujung Pandang; 4, Buton lIsland; 5, Ambon lIsland; 6, Kei Kecil; 7, Sorong; 8, Biak Island; 9,
Sumba Island; 10, Komodo lIsland; 11, Bali Island; 12, Pelabuhan Ratu; 13, Nias Island; 14, Bintan
Island; 15, Seribu Islands.

Grouping of the regions

The number of species of the classes Asteroidea and Holothuroidea found in the present study is
16.1% and 16.8%, respectively, of the number of species described by Clark and Rowe (1971), for the
East Indies. However, in the class Echinoidea, the number of species described in the present study
equals 45.2% of the number of species described by Clark and Rowe (1971) for the East Indies. Thus,
based on the observed species of the class Echinoidea in each region, a cluster analysis was conducted
(Fig. 3).

At the 0.5 similarity level, three subgroups are recognized. The first subgroup includes regions 1,
3,4, 5 6,8 9, 10, and 11; the second subgroup includes regions 12, 13, and 15 while the third
subgroup encompasses regions 2, 7, and 14.

The first subgroup contains the regions located to the east of Bali Island, except Sorong (region
7). It is possible to recognize four further divisions even within the first subgroup. One of the
divisions consists of regions 1, 5, and, 6. Region 1 (North Sulawesi) faces the Sualawesi Sea and the
Maluku Sea, with region 5 (Ambon Island) and region 6 (Kei Kecil) being located in the Banda Sea.
These regions have good coral reef development, and the condition of the sea is very clam. Ambon
Island and Kei Kecil are located in the Banda Sea and are in close proximity, which makes for the
greatest similarity within the division, about 0.9. Another division consists of regions 3, 8, 9, and 11.
These regions are located so as to be affected by strong wave action, except region 3 (Ujung Pandang).
Regions 9 (Sumba Island) and 11 (Bali Island) face the Indian Ocean on the south coast, are in close
proximity, and exhibit similar reef formations making the greatest similarity for the division, about
0.75. Region 4 (Buton Island) and region 10 (Komodo Island) each make a division.

In the second subgroup, region. 12 (Pelabuahan Ratu) and region 13 (Nias Island) face the Indian
Ocean and are affected by strong wave activity. On the other hand, region 15 (the Seribu islands) is
located in the Java Sea where wave conditions are very calm, and the formation of reefs is different
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from the former two regions.

In the third subgroup, region 2 (Balikpapan) and region 14 (Bintan Island) are located in calm
water with low visibility while region 7 (Sorong) is located far from the former two regions and is
affected by strong wave action.

Study of the areas is incomplete as research was done only on one site in Sorong, Komodo Island,
and the Seribu islands. It is hoped that future in-depth research in each of the regions, especially

where site research was inadequate, will discover the peculiarities of each subgroup.
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