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Problem

The rich diversity of seagrass species in Japan has drawn

marine researchers to explore its biogeographical signifi-

cance (Miki 1934a,b; Aioi & Nakaoka 2003; Kuo et al.

2006). In particular, the Nansei Islands are the most pro-

lific region in Japan with the most substantial diversified

seagrasses (Miki 1934a,b). Miki (1932, 1933, 1934a) dis-

cussed nine species, viz. Enhalus acoroides, Thalassia hem-

prichii, Syringodium isoetifolium, Cymodocea rotundata,

C. serrulata, Halodule uninervis, Halodule pinifolia, Zostera

japonica and Halophila ovalis from the Ryukyu Islands

relating sea water temperature and currents to their hab-

itat. The same seagrass species were later mentioned by

Tsuda & Kamura (1990) and by Toma (1999). Kuo et al.

(1995) added H. decipiens to this list. Kuo et al. (2006)

further pointed out that four more Halophila species

occur in the region.

The Nansei Islands or Nansei-Shoto (the South-West

Islands, as directly translated from Japanese) consist of a

string of about 70 islands and islets, and extend south-

west from the southern tip of Kyushu Islands to Yonag-

uni I. for more than 1100 km, just over 100 km from the

east coast of Taiwan (Fig. 1). They represent a natural
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Abstract

The Nansei Islands in the southern Japanese Archipelago have 15 taxa of sea-

grasses from seven genera within three families. Seagrasses in this region grow

on coral sands or coral debris in shallow reefs and on sandy or muddy sub-

strata in the shallow areas of bays and inlets. Certain Halophila species grow in

deep water off some islands. Enhalus acoroides only reaches to Ishigaki I. with

winter sea water temperature (WST) at 23 �C, while Okinawa I. (WST at

21.6 �C) is the northern biogeographic limit for Halophila decipiens, H. okina-

wensis, H. major and H. gaudichaudii. Amami-oshima I. (WST at 20.7 �C) is

the northern border for Thalassia hemprichii, H. minor, H. ovalis, Cymodocea

serrulata, Cymodocea rotundata, Syringodium isoetifolium, Halodule uninervis

and Halodule pinifolia. Halophila mikii the sole seagrass collected from Yaku-

shima I. (WST at 19.3 �C), is of volcanic origin. The distribution of tropical

seagrasses in the Nansei Islands is clearly associated with the warm Kuroshio

Current, WST and habitat availability. Zostera japonica is the only temperate

species occurring in the region. Meadows of Z. japonica, H. ovalis and Halodule

pinifolia have disappeared from certain localities in the Archipelago, due prob-

ably to human activities and natural siltation.
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wide latitudinal gradient from 25� N to 31� N providing

various geophysical environments and habitats. In addi-

tion, the warm Kuroshio current that passes through the

region may play an important role in explaining how the

tropical species from the Indo-Pacific region have spread

into the Nansei Islands (Mukai 1993).

To further investigate the reasons for the diversified sea-

grass distribution in the Nansei Islands, this study intends

to update the current available species distributional infor-

mation through two substantial field surveys conducted in

1996 and 1999. In addition, two previously surveyed transit

sites Iriomote I. (Habe et al. 1984) and Okinawa I. (Tr. I.,

Fig. 8, Toma 1993) were re-examined in 1999 to note the

seagrass meadow changes over 10–15 years.

Based on extensive field surveys in the region, a thor-

ough examination of herbarium material and a compre-

hensive review of the Japanese literature, this paper

discusses seagrass species, their composition and distribu-

tional changes in relation to biogeographic features, such

as the current regime, winter sea water temperature

(WST) and habitat availability.

Material and Methods

The northern half of the Nansei Islands (Fig. 1) belongs

to the Kagoshima Prefecture and is known as Satsunan Is

including Osumi Is, Tokara Is, and Amami Is. The south-

ern half of the Nansei Islands is under the Okinawa

Fig. 1. (A) Map of major collecting sites of

seagrasses in the Nansei Islands, Japan.

Tanegashima I.: site 1 Sumiyoshi, site 2

Kumano, site 3 Takezaki. (B) Yakushima I.:

site 4 Motoura. (C) Tokara Is. (D) Kikaijima I.

(E) Amami-oshima: site 5 Maehida, site 6

Yamama, site 7 Atetsu, site 8 Doren, site 9

Ankyaba. (F) Tokunoshima I. (G) Okino-

erabujima I. (H) Yoron I. (I) Okinawa I.: site 10

Sumoide, site 11 Yagachi, site 12 Itoman, site

13 Chinen, sites 14–15 Kin Bay. (J)

Kumeshima I. (K) Miyako I. (L) Taramashima I.

(M) Ishigaki I.: site 16 Ibaruma Bay, site 17

Fukido River mouth, site 18 Tomino, site 19

Yonehara, site 20 Sakieda Bay, site 21 Nagura

Bay, site 22 Ohama. (N) Iriomote I.: site 23

Sakiyama Bay, site 24 Amitori Bay, site 25

Shirahama. (O) Hateruma I. (P) Yonaguni I.

Lines in the Map show surface water

temperature in winter (February). Arrows

show the warm Kuroshio Current (solid

arrows) and the warm Tsushima Current

(dotted arrow). (Information from The

Geographical Survey Institute, Ministry of

Construction, Hydrographic Department,

Japan).
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Prefecture and is known as Ryukyu Is comprising Ok-

inawa I. in the north, the largest island in the archipelago,

and Sakishima Is to the south which includes Miyako Is

and Yaeyama Is (Fig. 1; Table 1).

Physical features and oceanographic conditions,

obtained from the Geographical Survey Institute, Ministry

of Construction, Hydrographic Department, Japan

(Fig. 1, Table 1), provide essential information for a bet-

ter understanding of the distribution of seagrasses in this

region and are reported below.

Island origins

There are three different origins among the 70 islands of

the Nansei Islands, although each original type may not be

restricted to a specific geographic distribution. Tanegashi-

ma I. (A, Fig. 1) is the only island of continental origin,

while Yakushima I. (B, Fig. 1), Tokara Is (C, Fig. 1) and

Kumeshima I. (J, Fig. 1) are volcanic islands. The remain-

ing islands of the Nansei Islands are of coral origin.

Currents

The warm Kuroshio Current, which originates from the

equator, flows all the year round, and northward along

the east coasts of the Philippines and Taiwan; and then

passes the west coast of the Ryukyu Islands. It divides

into two branches north of Amami-oshima I. (E, Fig. 1).

The main, eastern branch flows around Tanegashima I.

and Yakushima I., continues northwards along the south-

ern Shikoku Islands, and then reaches the eastern Honshu

Islands. The western branch, also known as the warm

Tsushima Current, flows northward along the west coast

of the Kyushu and Honshu Islands.

Table 1. Physical features and habitat conditions in the Nansei Islands, Japan (The Geographical Survey Institute, Ministry of Construction, Hydro-

graphic Department, Japan).

islands locality

sea water

temperature [�C]

areas [km] coastlines [km2] substratum type seagrassFebruary August

Kyushu Island

Kagoshima 31�53¢ N, 130�12¢ E 17.4 27.9 muddy sands 3a

Nansei Islands

Satsunan Is

Osumi Is 2

Tanegashima I. 30�35¢ N, 131�00¢ E 19.5 28.4 445.0 165 muddy sands 2

Yakushima I. 30�20¢ N, 130�30¢ E 504.9 132 gravel sands 1

Tokara Is 0

Suwanosejima I. 29�38¢ N, 129�42¢ E 21.3 28.7 22.3 27 gravel sands 0

Nakanoshima I. 29�50¢ N, 129�45¢ E 35 20

Amami Is 9

Amami-oshima I. 28�20¢ N, 129�25¢ E 20.7 28.7 712.2 426 coral sands 9

Kikaijima I. 28�19¢ N, 129�58¢ E 56.9 48.6 2

Tokunoshima I. 27�40¢ N, 128�55¢ E 247.8 94 3

Plomp-erabujima I. 27�25¢ N, 128�30¢ E 93.6 57 1

Yoron I. 27�02¢ N, 128�25¢ E 20.5 23.7 9

Ryukyu Is

Okinawa Is 13

Okinawa I. 26�12¢ N, 128�00¢ E 21.3 28.7 1202.3 476 reef platform 13

Kumeshima I. 26�20¢ N, 126�45¢ E 58.8 48 sandy, sandy gravel 9

Sakishima Is

Miyako Is 10

Miyako I. 24�47¢ N, 124�10¢ E 23.6 28.7 158.7 114 coral sand 10

Taramashima I. 24�38¢ N, 124�40¢ E 24 15 7

Yaeyama Is 13

Ishigaki I. 24�30¢ N, 139�22¢ E 23.2 29.3 222.5 138 10

Taketomishima I. 24�20¢ N, 129�15¢ E 5.5 8.5 3

Iriomote I. 24�20¢ N, 122�99¢ E 289.3 129 13

Yonaguni I. 24�27¢ N, 129�54¢ E 29.5 13.7 9

Hateruma I. 24�04¢ N, 139�22¢ E 14.8 18.9 8

I, single island; Is, island groups.
aZostera marina, Zostera japonica, Halophila nipponica.
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Tides

There are two tides a day with a range of <1 m through-

out the year.

Sea water temperature

The surface temperature of the sea water is in the sub-

tropical range and remains constant at 26 �C in the sum-

mer months for the whole region. However, there is

about a 3� difference in the winter months between the

southern islands, e.g. Ishigaki I., Iriomote I. and the nor-

thern islands, e.g. Tanegashima I. and Yakushima I.

(Table 1).

Salinity

The salinity of sea water in the region is constant at

34 psu all the year round. The salinity at river mouths or

estuaries varies according to time and location but was

not considered in the present study.

Seagrass field surveys were conducted at Okinawa I. (I,

Fig. 1) and Ishigaki I. (M, Fig. 1) in May 1996, and at

Tanegashima I. (A, Fig. 1), Yakushima I. (B, Fig. 1), Am-

ami-oshima I. (E. Fig. 1), Okinawa I., Ishigaki I., and Ir-

iomote I. (N, Fig. 1) in May–June 1999. Surveys were

conducted by direct observations at low tide or using

scuba and snorkeling. Representative specimens were col-

lected at each site and seagrass species identification was

based on Kuo & den Hartog (2001). The habitats and

reproductive status of each seagrass species at each site

were noted. This survey did not measure shoot density,

growth rate or other biological factors. However, seagrass

transects previously studied by Habe et al. (1984) and

Toma (1993) were re-investigated and compared in June

1999.

The seagrass information for some smaller islands, e.g.

Kikaijima I. (D, Fig. 1), Tokunoshima I. (F, Fig. 1), Oki-

no-erabujima I. (G, Fig. 1), Yoron I. (H, Fig. 1), Miyako

I. (K, Fig. 1), and Yonaguni I. (P, Fig. 1) was based on

examinations of herbarium collections from Kyoto Uni-

versity, The University of Tokyo, The Tokyo Metropolitan

University, and The National Science Museum, Tsukuba.

Results

In all 15 seagrass species from seven genera, within three

families have been found in the Nansei Islands. Table 2

provides information on all seagrass species growing at

each major island in the region. Most of these species

mainly grow in two shallow water habitats: coral reefs

(reef platforms, dead coral debris and coral sand) and

sheltered bays (inlets and river mouths with sandy or

muddy sand substrata). In addition, certain species grow

sparsely at more than 20 m depth on coarse coral and

shell debris sand at Okinawa I. and Iriomote I. The

majority of seagrasses grow as patches of mixed species

and very rarely as pure stands. The intertidal species are

exposed to the air for a few hours each day.

Zostera japonica Aschers. & Graneb.

This seagrass is the only temperate species occurring in

the region and in Japan, and it has been collected in all

the major islands (Table 2), including at Takezaki (site 3,

Fig. 1), and except at Kumano, Tanegashima I (site 2,

Fig. 1) as reported by Miki (1933). This species prefers

muddy sand in shallow water and has two distinct mor-

pho-types and ecological forms (J. Kuo & Z. Kanamoto,

unpublished data). The intertidal form normally grows

near the mouth of rivers to form patches or meadows and

in extreme low water pools; it is exposed to the air occa-

sionally. The subtidal form usually grows among other

tropical seagrass species, such as Halodule, Thalassia and

Cymodocea, and neither forms meadows nor is exposed to

the air. Flowering of this species was recorded in March.

Patches of intertidal meadows in association with man-

groves were found near the river mouth at Yamama, Sum-

iyo Bay on the east coast of Amami-oshima I. (site 6,

Fig. 1). Toma (1993) reported large meadows of Z. japon-

ica and H. ovalis along a 1-km transect, on the southern

shore of Yagagi Is, Hagegi Inland Sea in Okinawa I. (Tr. I,

Fig. 8 by Toma 1993) (site 11, Fig. 1). However, only sev-

eral small patches about 3 · 3 m of Z. japonica were

observed growing among the planted mangrove seedlings

from the same transect in 1999. In addition, meadows of

this species together with Halodule pinifolia were not

observed in 1999 from the transect site near the mouth of

the Udara River at the base of Amitori Bay (site 24,

Fig. 1) as reported previously (Habe et al. 1984).

Enhalus acoroides (L. f.) Royle

The species only occurs at Ishigaki I., Iriomote I., and

Hateruma I. (O, Fig. 1) in the Yaeyama Is. Vast, pure or

mixed meadows of Enhalus with numerous plants at dif-

ferent flowering and fruiting stages, and numerous seed-

lings <50 cm in height, were observed in Amitori and

Sakiyama Bays and other locations at Iriomote I. (sites

23–25, Fig. 1). On the other hand, only about 20 shoots

of this species without reproductive material were found

in a 30 m2 area at the Fukido River mouth, Ishigaki I.

(site 17, Fig. 1). Flowering in this species was observed

from September to January, and fruiting occurs all the

year round, except in July and August at Amitori Bay,

Iriomote I. (Table 2).
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Thalassia hemprichii (Ehrenh.) Aschers.

This is the dominant species in reef-associated habitats

and occurs at all islands from Amami-oshima I. south-

ward. It can form large meadows mixed with other spe-

cies. Together with H. ovalis, it is the most widely

distributed seagrass in the region. Fruiting of this species

occurs all the year round, except in July and August in

the Nansei Islands.

Halophila decipiens Ostenf.

In addition to Okinawa I. (Kuo et al. 1995), this species

was collected at 38 m depth in Amitori Bay, Iriomote I.

(site 24, Fig. 1). It grows sparsely and sometimes is asso-

ciated with H. okinawensis and H. gaudichaudii in clear

deep water, but with other tropical seagrasses in shallower

water at 5 m depth. This species is the only annual mon-

oecious Halophila in Japan. The plant appears in spring;

flowers and settled seeds are found in summer and disap-

pear in winter (Kuo et al. 1995).

Halophila minor (Zoll.) Hartog

Halophila minor was previously identified as H. ovalis or

H. ovata in the Nansei Islands by Tsuda & Kamura

(1990) and Toma (1999). This species is found at all

major islands south of the Amami Is in the region,

including sites 5 and 7–9 in Fig. 1. Halophila minor nor-

mally grows on coral sand and muddy sand together with

H. ovalis and with other tropical seagrasses in shallow

water. It also extends into deeper water, down to 7 m,

where it forms sparse patches or mixed with other species

such as H. okinawensis and Halodule pinifolia. Flowering

of this species is from June to September and fruiting is

in August and September.

Table 2. Seagrass species from the Nansei Islands, Japan.

locality

seagrass species

Si Cr Cs Hp Hu Zj Ea Th Hd Ho Hao Hm Ham Hv Hj total

Satsunan Is

Osumi Is

Tanegashima I. C H 2

Yakushima I. C 1

Tokara Is

Suwanosejima I. 0

Amami Is

Kikaijima I. L H 2

Amami-oshima I. C C C C C C C C C 9

Tokunoshima I. H H H 3

Okino-erabujima I. H 1

Yoron I. C H H H H H H H H 9

Ryukyu Is

Okinawa Is

Okinawa I. C C C C C C C C C C C C C 12

Kumeshima I. L L L L L L La L L 9

Sakishima Is

Miyako Is

Miyako I. H H L L H H H H C C 10

Taramashima I. L L L L L L L 7

Yaeyama Is

Ishigaki I. C C C C C C C C C C 10

Iriomote I. C C C C C C C C C C C C C 13

Hateruma I. L H L L H L H H H 9

Yonaguni I. H L L H H H H H 8

I, single island; Is, island groups.

Si ¼ Syringodium isoetifolium; Cr ¼ Cymodocea rotundata; Cs ¼ Cymodocea serrulata; Hp ¼ Halodule pinifolia; Hu ¼ Halodule uninervis; Zj ¼
Zostera japonica; Ea ¼ Enhalus acoroides; Th ¼ Thalassia hemprichii; Hd ¼ Halophila decipiens; Ho ¼ Halophila ovalis; Hao ¼ Halophila mikii;

Hm ¼ Halophila minor; Ham ¼ Halophila okinawensis; Hv ¼ Halophila gaudichaudii; Hj ¼ Halophila major.

C, H, L indicate collected, herbarium specimens and literature information, respectively. The published literature did not separate H. minor and

H. major from H. ovalis.
aDoubtful literature record.
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Halophila okinawensis J. Kuo

This taxon has only been collected between 5 and 24 m

depth at several localities at Okinawa I. (sites 12, 14 and

15, Fig. 1). Tsuda & Kamura (1990) noted that this taxon

has a slender leaf blade with fewer cross veins than those

in normal H. minor and is considered to resemble to H.

ovalis ssp. linearis (Hartog). Flowering of this taxon was

observed in April-May.

Halophila ovalis (R. Br.) Hook. f.

This species commonly grows from MLW, to about 15 m

deep in this region. It does not form large meadows, but

is usually associated with other species on the reef, i.e.

sites 16, 18 and 19–22 at Isigaki I. and may also grow in

small patches in deeper water. Isolated patches were

found in a submarine hot spring at 15 m depth off Take-

tomi Island near Ishigaki I. (Kuo et al. 2001). During an

extremely low tide in June 1999, only a single patch of H.

ovalis was observed in the same transect recorded previ-

ously (Tr. 1, Fig. 8, Toma 1993) (site 11, Fig. 1). In con-

trast, up to eight healthy seagrass species co-existed on

the ocean side of the Hanegi Island Sea (site 10, Fig. 1).

Halophila mikii J. Kuo

Miki (1934a) treated this taxon, collected from Sumiyo-

shi, Tanegashima I. (site 1, Fig. 1) as ‘an intermediate

form’ of the Japanese H. ovalis. This taxon was not found

in Tanegashima I. during our survey in June 1999; how-

ever, a small population without reproductive organs dis-

covered in adjacent Yakushima I. (site 4, Fig. 1) making

it the first seagrass recorded from this island. Flowering

and fruiting, observed only from herbarium material, may

take place from August to October.

Halophila gaudichaudii J. Kuo

This species previously known as H. ovata Gaud. (Kuo

2000; Kuo et al. 2006), commonly grows in Micronesia

and the Philippines, but grows in a few localities at Irio-

mote I. and Okinawa I. It grows sparsely with H. ovalis,

H. minor and Halodule pinifolia in shallow water (5–7 m)

or with H. decipiens and H. okinawensis in clear deeper

water (24 m). The flowers of H. gaudichaudii have been

collected in late May.

Halophila major (Zoll.) Miq.

Den Hartog (1970) considered that H. ovalis contained

several synonyms including H. major and H. euphlebia

Makino. Based on morphological and molecular studies,

Uchimura et al. (2006) suggested that H. euphlebia has a

distinct species status, while Kuo et al. (2006) recom-

mended that H. euphlebia should be treated as a synonym

of H. major. The species is widely distributed in the Micro-

nesia and West Pacific regions, and was found at some

larger islands in the Nansei Islands. Halophila major grows

as small patches or mixed with H. ovalis and/or H. minor,

and other tropical seagrasses such as Halodule spp.,

Cymodocea spp., Syringodium isoetifolium or T. hemprichii

in the shallow water of coral sands. Flowering is from June

to September and fruiting is in August and September.

Cymodocea rotundata Ehrenb. & Hempr. ex Aschers.

This species was recorded from most of the major south-

ern islands up to Amami-oshima I. in the north. It com-

monly grows at 2–5 m depth and often extends into bare

sand areas and frequently with other tropical species, such

as Thalassia, Halodule and Syringodium. Flowers of this

species were observed once in November 2005 (Z. Kana-

moto, unpublished data), while fruits were never recorded

from the Nansei Islands.

Cymodocea serrulata (R. Br.) Aschers.

Makino (1912) described a new seagrass species of

Cymodocea, as C. asiatica, based on a specimen collected

from Naha, Okinawa I. This species was subsequently

considered as a synonym of C. serrulata (Miki 1932) and

recorded from various islands in the region north to Am-

ami-oshima I. It always occurs mixed with other species,

primarily on a coral substratum. Male flowers had been

observed from October to February in Okinawa I., while

there is no record of female flowers or fruits in the area.

Halodule pinifolia (Miki) Hartog

Miki (1932) described this species as Diplanthea pinifolia

based on specimens collected from Okinawa I. and

Taiwan. This species is widely distributed in the Archipel-

ago from Amami-oshima I. southward and grows in the

intertidal and subtidal sites. At the intertidal sites, it may

grow in river mouths as pure patches or mixed with other

intertidal species such as Z. japonica, or with Halophila in

bays and on reef platforms. The subtidal populations

always grow with other tropical species, in particular

Thalassia, Cymodocea spp., Halodule uninervis, H. ovalis

and H. minor at several sites in Okinawa I. (e.g. sites 12

and 13, Fig. 1). Flowering and fruiting of this species occur

all year round, except from December to February. Halod-

ule pinifolia was not observed in 1999 from the same tran-

sect site at the base of the Amitori Bay, Iriomote I. (site 24,

Fig. 1) as reported previously by Habe et al. (1984).
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Halodule uninervis (Forssk.) Aschers.

This species with two morphological forms (narrow and

wide leaved) is widely distributed in the Western Pacific

and Indian Oceans (Kuo & den Hartog 2001) and only

the wide-leaved form extends to Amami-oshima I. The

species normally forms mono-specific meadows but

sometimes it is mixed with other tropical species on reef

platforms, river mouths or sheltered bays down to 5 m

depth. Flowering has been observed once in August 2001

(Z. Kanamoto, unpublished data).

Syringodium isoetifolium (Aschers.) Dandy

This species is widely distributed in the region from Am-

ami-oshima I. southward. It is commonly found to be

sparsely mixed among other reef-associated species, such

as Thalassia, Cymodocea spp. and Halodule and grows

down to about 5 m depth but is not exposed to air dur-

ing low tide. Kanamoto (2001) noted that the density of

Syringodium appeared to have increased in the outer part

of Nagusu Bay at Ishigaki I. during the last 20 years.

Flowering of this species has been observed from July to

September in the region.

Discussion

In total, 15 seagrass species belonging to six genera and

three families are found in the southern Japanese

Archipelago, the Nansei Islands, and among them, Hal-

ophila decipiens, H. minor, H. major, H. okinawensis, H.

gaudichaudii and H. mikii are new additions to those

reported earlier for the region (Tsuda & Kamura 1990;

Toma 1999). The seagrass species composition of the

southern Japanese Archipelago is comparable with that

of the tropical neighboring countries such as the Philip-

pines (Meñez et al. 1983), Thailand (Supanwanid &

Lewmanomont 2003) and Indonesia (Kuriandewa et al.

2003). There is little doubt that the warm Kuroshio

Current plays an important role in the dispersal of the

seagrasses northward from the equator to the Nansei

Islands (Miki 1933; Mukai 1993). However, it is worth

emphasizing that certain tropical species including H.

spinulosa (R.Br.) Aschers., H. beccarii Aschers., and

Thalassodendron ciliatum (Forsk.) den Hartog are absent

from the Nansei Islands. The northern distributional

limit for Thalassia ciliatum in the West Pacific Ocean

is Palawan (10�00¢ N; 119�30¢ E), while the northern

border for H. spinulosa is southern Luzon Island, the

Philippines (14�30¢ N; 121�30¢ E) (Meñez et al. 1983).

It is possible that temperature may impede the growth

of these two tropical species in the Nansei Islands. In

addition, H. beccarii, which usually occurs in associ-

ation with mangrove communities on muddy substrates,

extends northwards only to Budai in south-western Tai-

wan (23�20¢ N; 120�10¢ E) in the western Pacific region

(Lin 2000). Although there are abundant mangroves in

the southern Nansei Islands, they normally grow on

coral sand substrate and are rarely associated with

muddy tidal flats; thus, it is most likely that the lack

of suitable habitat may preclude H. beccarii from occur-

ring in the Nansei Islands.

Tsuda & Kamura (1990) found that the seagrass flora

in the Ryukyu Islands and Micronesia are very similar,

with the exception that T. ciliatum occurs in Guam,

Micronesia while Zostera japonica is present in the Ryu-

kyu Is. Guam (13�30¢ N, 144�45¢ E) is located south-east

of the Nansei Islands. This further confirmed that the

warm sea water from the Kuroshio Current is one of the

most important determining factors for the distribution

of seagrass species. On the other hand, it is interesting to

note that Taiwan, the closest neighbor to the southern-

most Japanese Archipelago, with the Kuroshio Current

flowing along the east coast, is rather poor in tropical

seagrasses (Yang 2000). This could be because Taiwan is

of continental origin with very limited coral to support

reef-dependent tropical seagrass species.

The Nansei Islands are the northern boundary for

most of the tropical seagrass species in the western

Pacific region. Ishigaki I. with a winter water tempera-

ture of 23 �C is the northern distributional limit for

E. acoroides while Okinawa I. (21.6 �C) is the border for

H. decipiens, H. major, H. gaudichaudii and H. okina-

wensis. Amami-oshima I. (20.7 �C) is the northern limit

for T. hemprichii, H. ovalis, H. minor, Cymodocea rotun-

data, C. serrulata, Halodule pinifolia, Halodule uninervis

and Syringodium isoetifolium. None of the above men-

tioned species are present at Tanegashima I. and Yaku-

shima I. of the northern Nansei Islands, where the

WST falls below 19.3–19.7 �C (Table 1). However, an

abrupt reduction of the species richness from nine at

Amami-oshima I. to one or two species in Tanegashima

I./Yakushima I. may not only be the results of cooler

WST (Miki 1934b; Nozawa 1981) or current flow direc-

tion (Mukai 1993). It was found that in the Nansei

Islands, if tropical coral reefs are present, then most of

the tropical seagrass species occur. It should be noted

that tropical coral reefs reach only the south of Tokara

Is. (C, Fig. 1) (Yamaguchi 1985). Thus, reef-dependent

tropical seagrass species, which normally grow on dead

reef platforms, coral debris or coral sands, are absent

from Yakushima I. and Tanegashima I. These two

islands have continental and volcanic origins without

tropical coral associations and support only species that

prefer muddy sand as substratum, such as H. mikii and

Z. japonica. A lack of suitable habitats, because of the
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absence of corals seems to play an important role in

seagrass distribution in this region.

Yokochi (1999) reported that the meadows of eight

tropical seagrasses in Sakiyama Bay and Amitormi Bay,

Iriomote I. apparently had not changed between 1977 and

1997. Our observations on the decline of Z. japonica and

Halodule pinifolia from the river mouths in these two

bays could be associated with natural siltation, as these

remote bays had little human activities, while the meadow

reduction of Z. japonica and H. ovalis at the Hanegi

Inland Sea, Okinawa I. appears to be influenced by

human activities such as the construction of roads and

port facilities that increase sediment siltation in the area.

Furthermore, the loss of H. mikii at Tanegashima I., dur-

ing the present study, was more likely to be associated

with run-off from agricultural practices. With the eviden-

ces from this study of disappearing seagrass meadows

from certain areas within the region, special attention

towards environmental protection measures is warranted.
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