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Distribution of Temperate/Tropical Seagrass in Satsunan Islands and
Adjacent Waters, Kagoshima Prefecture, Japan

Takashi Kawano!, Tadamitsu Icarr> ®, Yuji Imayosur®, Toshihiro Tanaka® 4,
Shigemitsu Tokunaca®, Satoshi Yosumvrrsu® 4 and Ryuta Terapal*

Abstract: Distribution of thirteen species of seagrass in Satsunan Islands and adjacent waters
(Kagoshima Prefecture) was determined by herbarium specimens at Kagoshima University and
Kagoshima Prefectural Fisheries Technology and Development Center. Furthermore, a field
survey was carried out at two sites of seagrass meadows in Amami-Oshima Island to reveal the
community structure of these meadows and their distributional ecotone of tropical and temperate
species, Zostera japonica and Halophila nipponica, collected from Amami-Oshima Is., were the
only temperate species occurring in this region. Distributional limits of tropical species differed
by the taxa. Six tropical species, Cymodocea rotundata, Cymodocea sevrulata, Syringodium
soetifolium, Thalassia hemprichii, Halophila ovalis and Halophila decipiens, were confirmed from
Amami-Oshima Is. and is appear to be at their most northern limit in the world. Meanwhile,
two species of Halodule were confirmed at all major islands from south of Tanegashima Is., and
Halophila major were confirmed from both Satsunan and southern part of Kyushu Islands. In
general, T. hemprichii occurs as one of the more dominant species in reef-associated habitats
in the Pacific tropical islands including the southern part of Satsunan Is. (i.e., Yoronjima,
Okinoerabujima, Tokunoshima Islands). However, in Amami-Oshima Is., Halodule and Zostera
were more common rather than the former,

Key words: Seagrass; Distribution; Biodiversity; Kagoshima
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ENTw3%. LA L, HEROBBIIIBFHOESHIT T
PREFORKOZ(LTHRAERIZH ), HBELXED
P R TIB R30F B THI40%iH R L 7o L g &
LT A (KEET 2009) .

IR R R R, WA e SR A o
R - BH GRAFMAE) LB BRI EL AT
FoME () o5miERTT (Ecotone) (2
BLTHH, WHEOHEHEIRKT2MEEHL L THLR
TWw5a (FFHS 2004). 1, BERBELZTOEBED
HER T, HEGT IR ORI IR 1 O TR F
ARMESN TS, BEEH L OBEERHSLTW

(B 455 2007a, 2007b : £ 5 2011 : SFH 2011) .

HAEOBEEIZOWTIE, < (& Miki (1932,
1933, 1934a, 1934b) PFE L TH Y, EETIEK
B (2007) ATEAGEFEY S L3058HE T H
RiFAEECTHERMICME L Twb, T/, BHHHE
BOMEHEIZoVTIE, HES (1962a, 1962h) %
Hr - %8 (1968), Tsuda and Kamura (1990), 4
B (1999), Kuo et al. (2006a), &FFf & (2008) A&
GLTwh. LL, EMiES (KB#ESE, 47
YR, HEFE) OWESMIZERLZCEIE47% <
(HH & 1962a, 1962b : HA - AHREF 1968), Y43% bl
OHREIARRL TS, Zhid, FEREAREIZIE
SNTVWLEREBEOREAY I LW LIZERT S
EENTWAS. Kuo et al (2006a) |ZHTHsEESHT
HHEREXERT S L3S, FHEAE, WRAE ®
FHERI RS (48, ERCRE YRR T 7 AT | WU
ENTOHEARL AN EL 2. o IdEREE X
D1EZ G L7225, BHERSEOMEIIRENT
HY, GHROEFEIZOVTIIRBHOIETHE KRS
nTwab,

¥, HREEBEEHOGHITVW2»0MmEIZL->
THEEZELLBILE. IV VY BOSEIZIE -
BH (2007) I2k-oT3MIZEEEN, YILLER
D453 1E Kuo et al. (2006b) %2 Uchimura et al. (2007,
2008) CTHEHBRE SN Z LS, BEFOSEAERICE
DV EHEOG LD TEHT LI LDROENT
Wh,

FE DR R R LR P & BV IR O A BT 12
ETLZ RS, BERGOBBEIHRENIZEL
(BT 5. COMMTBERERRLREL, Kb
EETHESEL 010, HEOEFREISEL
BEHOWBES RS EREFOBREI RO ONE, £
D7zH|2E, IwEE, B EEOEFARFNHR
FEETLLLIZ, SHALEBTREICETIMEAE
BILIELNFEETHS.

ZELIE, BERBEANSH TEBEMYOLETH
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ErBIhwv, EXREREEBREKRKEFBLEERER
*EH%%%tfa DFEREIZPHEE L TE /2, 75
HOZEAT CTHAEHEMBOMAEALET HIZIEW
EAEIZEEZA TV AER LD TRIETL I LA
BELEZLZEhB, 2000ELUBEOZEESHED
FtEREfFY, EEEEETPOIIE, BERLL S0 EE
HoOSMEzERTLIEABANE L. T, 4%
B O SES L, W EE S A S A LA
PLHEBBEATOBEEE L R AWRESEZL LN
o D20, BOEHBEEOT LI ARELLT
AR ET 2 EERE2 »FITIA b7 017
PTG, EREBRIAEB I OUHEIZRLLE—
Mt e i EBEE E B T o 72

ME S L UAE

RAETIE, BIESKRFKEEE L B IR R IRKERT
Bty —IZIEE LTV A EALBE, FAXE
FIESOTEHEOS AR /-, EHEETIRE
ENZEREZELHNRE LA, SHhrEEBEAL
B LSHEETIE, BERXtLTOSh b EOTEAL /-,
T RREBATAMBRE SNWE T2 EIZOWTI,
KiEF#E (18, BAERS) ToSHiohEx iR
THERT, AENRIZED . FEADEZIIEFES
AHEVR BE A A MO IR CTHRE L 724%, 20004 LA
ACHREENERLHFETRE L. &b, TES
iz, ERBEANOIRIZINTOMRTHESEMRL T
BY, HEPICENRERICIEEEBHPFERS,
FAFYE, REEES E ORI RS
NTwh, REMIZES  FHOFAEIZIE, Kuo et
al. (2006a) L KM - EH (2007) (RLSN-4EFH
LPEETRIARL, HES (19622, 1962b), HP - &4
7 (1968), B S5 (2008) I22WTITHIEEKZEIC
EARLHELE S L LDEREOT— ¥ O—8 L
L THWw .

HEOGEIZIOVWTIIMAZ Lo TEL L, R
O, £ FSEIZOVTid Shortetal. (2007) %3
RO LA EEL, IV EIZOW
TIEKRYE - EH (2007) (2fEoize /2, "I ELE
B 22\ T3 Uchimura etal. (2008) (Z{€-72. %1,
ERIEOL NV E L, BRSEEEISRPSERIL
A

FA4»r77 FRAEE, 2aT7TE-TIY
FHEOFE (REDTEAAEE) &) avFa
TAHEOHE (KEHESAITY FJE) 285
A EXTo 7z (Fig.1). A AE H (28°27478N ;
129°39.539E) T (220114 7H25H, ¥ F U &
(28°07.486'N ; 129°21.789E) T (2011 11 H11 A
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Thb. HETIE, KUNFSHBICEKELLESLD
MmEAM (BIAEE, 60°: ¥V FYUE, 240°) IZFRFHIM
*iE L, MA—ERMRET0cem WHDEERA &R
L, BRIZRO N 2% - BEHOWELBEL 12
AREIZEERFOFERKELEEL, #ERETHEE
5% (i LBRET 2010) 0% O % S5
TR OBRETHIE L TRKEERB L 2.
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Fig. 1. Map of Amami-Oshima Island, Kagoshima
Prefecture, showing the two transect study sites (Maehida
and Yadori Beaches) in this study.

Table 1. Seagrass species from Satsunan Islands, Kagoshima Prefecture, Japan

& =R

AR OHER, ANEH (BEEBRAL) 62
BAME, EREEDS 6 BIE TR SN
(Table 1), BERBESMAE LTI, 6BISHES -7,
LTIz EEosfmE NS HAR T .

7 % £#l Zosteraceae

T ¥ Zostera marina Linnaeus (Fig. 2A)

HEBEBENSMCEELEHES (2T
M) X (FAMRSE, Hkd), BE, K
FETRLNA, KEHEE (HTFECEARS) U
BCREINERGR N o1, T2, FED
1 ATHAHAFHIZ2002E 2T E, 2003FIZBALE,
20004F |2 FEEEE B T O = B THlE - A
RBIolzh, TRERME SN L (FFH,
K3, ERBEERLTIZ, ABOHERFLELS
KEImAIZICHT TOBREEICEFL TW

17 < E Zostera japonica Ascherson et Graebner
(Figs. 2B, 6A)

ARG RECEE BT E, 5, BREE, &4
&, BERKETRON:, BEERBEERLETEAED
BRETHMBEEL TR L2225, BFERBTIRYIIS
TR ERE L T, BEKRBILHOFMERLTIA
CRBNZN, FRUAtostgTlar I P/ H ol
&L Rbi,

~NZ7 % EF Cymodoceaceae

7 2 7Y Halodule uninervis (Forsskal) Ascherson
(Fig. 3A)

\ERE, MkBHE, S, EFEmE (LH)

Family Species

Kagoshima
Proper

Satsunan Islands
Tokara [s.

Osumi Is. Amami [s.

Zostera marina
Zostera japonica
Halodule uninervis
Halodule tridentata
Halodule pinifolia
Cymodocea rotundata
Cymodocea serrulata
Syringodium isoetifolium
Thalassia hemprichii
Halophila major
Halophila nipponica
Halophila ovalis
Halophila decipiens

Zosteraceae

Cymodoceaceae

Hydrocharitaceae

F o P B AR
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Fig. 2. Distribution of two Zostera species (A, Z. marina;
B, Z. japonica) in Kagoshima Prefecture, Japan. Closed-
circles indicate the collection sites of herbarium speci-
mens in Kagoshima University and Kagoshima Prefectural
Fisheries Technology and Development Center. Open-
circles and open-squares were cited from Ohba and Miyata
(2007) and Kuo et al. (2006a), respectively.

TRLN, EBLHBOBREI MDY 3 V7 E et
CEEELABEEAEREL TV ThSDESHTIZT
TEBOTERREL L TEFT LT (Table 2),

RV INTg 2 DY Halodule tridentata (Steinheil)
Endlicher ex Unger (Figs. 3B, 6B)

BERE, WkEHE, 5HE BFREET (KR
TROM, EHLHEBORMRBEIZMO Y I ¥ /L
HICEEELRHELEER L Tz, WRkEHERCSR
BT avFadATERELHEE LS, EF
KETEY IV HHOBERHE L hoTwi,

< YNty 2 T T Y Halodule pinifolia (Miki) den
Hartog (Fig. 3C)

BERE, WKBHE, SwEBTRLN, Eihe
HNEORIE LTIty I Py ERE L, &
FELRHEELZRL TWwi,

~N Z T ¥ & Cymodocea rotundata Ehrenberg et
Hemprich ex Ascherson (Fig. 4A)
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Fig. 3. Distribution of three Halodule species (A, H. uninervis; B, H. tridentata; C, H. pinifolia) in
Kagoshima Prefecture, Japan. Closed-circles indicate the collection sites of herbarium specimens
in Kagoshima University and Kagoshima Prefectural Fisheries Technology and Development
Center. Open -squares were cited from Kuo et al. (2006a).



Uari a7 2F Cumodocea serrulata (R. Brown)

Ascherson et Magnus (Fig, 4R)
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Fig. 4. Distribution of two Cymodocea species (A, C. rotundata; B, C. serrulata), Syringodium isoetifolium (C) and Thalassia
hemprichii (D) in Kagoshima Prefecture, Japan. Closed-circles indicate the collection sites of herbarium specimens in
Kagoshima University and Kagoshima Prefectural Fisheries Technology and Development Center. Open-circle and open-
sguares were cited from Ohba and Miyata (2007) and Kuo et al. (2006a), respectively.
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Fig. 5. Distribution of four Halophila species (A, H. ovalis; B, H major; C, H. nipponica; D, H. okinawensis and E, H.
decipiens) in Kagoshima Prefecture, Japan. Closed-circles indicate the collection sites of herbarium specimens in Kagoshima
University and Kagoshima Prefectural Fisheries Technology and Development Center. Open-circles and open-squares were
cited from Ohba and Mivata (2007) and Kuo et al. (2006a), respectivelv. Asterisks indicate Halophila mikii,
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K7 INT = F Syringodium isoetifolium (Ascherson) BERE, BB, SHETRLN. o<
Dandy (Fig. 4C) WEOBREICET L Tz, BEHETIIYIEL
HEIZY) 2 X a2 AHERELREL, EAHGE FTELLIIEEELEEZBREL TV,
Exr 2T 5ATHELESIZKE S ARFETIE

HEREHHLEFmETRLN, %%7‘:%%%130);% < b7 2 EIVE Halophila nipponica Kuo (Fig.5C)

KTEYIVF/HELYILLVERHERETEY, 5 AMUBIGRE, B, EEFEREEH, BEEEE, &

MBTE) 29Fa9ATELELREL TV, EFRBIAMTR LN, ABELHRBOMREIZETL
TWw/z,

b F 74 # 2 # Hydrocharitaceae

|) 277 % 277 2 HE Thalassia hemprichii (Ehrenberg) b4 77 2 & JE Halophila decipiens Ostenfeld
Ascherson (Figs. 4D, 6D-F) (Fig. 5D)

HWERBUHEOZEETRLN, EROAST BEABILHFOEBBELCHAONERETRS L
THPRET AW HIC T ERR-oTEF L TV 2o RECEHREMOKE 5m Al EL TN LEOR
7o EEKEODEFHIIFHRTO—HEEVTLT FIZEF L TWwi, EOBDIZHEMEN2ERTFH
LANHRBETHD, BEL TV %o/ (Table3). Z E TRl ST,

7 X & JVE Halophila ovalis (R. Brown) J. D. Hooker EEMEFETFER CBPRAE Y KU EOREEE

(Figs. 5A, 6C) %%ﬁ FiI BT BT AL HH o B % 4§ & % Table 2 (278 L
BERE, WKEREE, SHRETCLIAELR, Bl o HERITRET, BEREIESEIOmM TKE 2m 72725,
OWHIZEFEELBEELXTEE L Tz, %@fﬁli@%’i’ IEF L TE Y, MEEEEI20m T

KFEHT6m 272 B2, 7<%+ (Fig. 6A),

7 # 7 2 EJLE Halophila major (Zollinger) Miguel YITVIY, FUNT IV (Fig.6B), w3k
(Fig. 5B) WVE (Fig.6C), #4733 IE, ¥YIFYILLE
BERBEARLTIIHEY FHEICE L 2 EELEREL O6EDOBBENR LNz, AEBMRETIE, BERE
(E2FhH) PHRETRLN, BEHEEETCIETE, BE25-30m OKE 1m Bifa TR 2 7 7 T E20%

Table 2. Vertical and horizontal distribution of a seagrass / seaweed community in Maehida Beach (Origin, 28°27.478'N
129°39.539°E), Kasari, Amami-Oshima Is;_.._Kagoshima Prefecture, on 25 July 2011

Distance (m) 0 2 2 2 30 40 45 50 52 60 65 75 83 90 100 105 110 115 120
Depth (m) 08 032 -1 -1 -11 -12 -12 -12 -12 -12 -14 -15 -16 -21 -37 -43 -52 -67 -76

5 &5 & § 5 & 8§ § &5 CRCGR R R
Substratum MS MS MS MS MS MS MS MS MS MS MS MS MS MS MS MS MS MS MS

Acetabularia ryukyuensis +

Gracilariopsis sp. + .

Gracilaria salicornia +

Zostera japonica 2010

Halodule tridentata 5 30 40 50 30

Halophila major + 0 10 5 10 20 ) 5
Caulerpa taxifolia -

Neomeris annulata +

Halimeda incrassata + +

Udotea javensis

Halodule uninervis

Gracilaria arcuata +
Padina sp.

Padina minor

Ceratodictyon spongiosum

Digenea simplex

Filamentous red algae

Halophila nipponica + + + 10 5 +
Others + + + + + + ¥ + + 4 + + +

Species

+ + + o+

+ oo+ +
+

Values for each species indicate the coverage of the quadrat (50 cm = 50 cm).

+, less than 5% coverage.

Distance, distance from the Maximum high water spring; Depth, depth from the mean sea level (datum of depth, 115¢m below mean sea level).
Substratum: Cr, Coral; MS, Muddy Sand; R, Rock; S, Sand.
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Fig. 6. Seagrass bed in Amami Islands. A, Zostera japonica community in Amami-Ohshima Is; B, Halodule tridentata com-
munity in Amami-Oshima Is; C, Halophila ovalis community in Amami-Oshima Is; D-F, Thalassia hemprichii communities in
three different islands. D, low-density community in Amami-Oshima Is; E and F, high-density community in Yoronjima I. (E)

and Tokunoshima I. (F).

BETRE SN, BEHEEES-50m OKFEL2m H %
TR YN 2 T 75 5830-500% DI THES L 72
AFREERYNYIVIHDEFTHRTIEA AT 2
LLEET IV AREL, BEETIEAT Y
¥ 3 v 7 KT » 74 Halimeda incrassata (Ellis)
Lamouroux, # 4 A » V7 Ceratodictyon spongiosum
Zanardini 7 EANRE L7z, A4 T I L EIdBEEE
HE100-105 m fHEDKIE 4m BiE T Ro4L, BERHE
BE110-115m OKIE 6 m I TIZY~Y b7 I B VEN
HAEL . BT, suny IV EER
Y I e VEARET A2HATL RS, REFETHR
A EEHOBESMAEEILEERBIROERE
PWHBIZH-oTRONA, T4, BEETIR, <=
TRERY) A Far TRENEIIZLoTHYNY
IVTHFOTEHICERSENA, TR IK L,
RETLIHEEE 7

EEKRBHETOBESANY FUEOHEEREY
Table 3 (2R ¥ #EMTEIWETSH ), HEEHEHE
10m, KiE 1m LRI HIZY > TEO/NERES
HEEL, BOEELELoTW 2 YawFayAHNE
(TEEREREE20-25 m, KIELS m HIfRIZHLEE10%F2RE R
Lz, FRLUETIER G- 7 (Fig.5D) .
FEOEENEEARTIE, JayFay AHEDOKE
WREIZT I eVE, A TINVE, TITVSHE
MIREL, FOLIZEINTvENRET 2 FESA
thoTwi, 48, VavXxawAHEIEERE

Table 3. Vertical and horizontal distribution of the sea-
grass / seaweed community in Yadori Beach (Origin:
28°07.486'N 129°21.789'E), Setouchi, Amami-Oshima Is.,
Kagoshima Prefecture, on 11 November 2011

Species  Distance (m) 0 5 10 15 20 25
Depth (m) 0.16 -0.85 -1.25 -1.35 -1.46 -1.56

F RP RPE RP
Substratum S S S S S S

Caulerpa cupressoides 5 +

Acetabularia ryukyuensis 5 5 %
Hypnea sp. + + + +
Digenea simplex 5

Halimeda discoidea +

Halimeda micronesica +

Padina minor +

Filamentous red algae + 10
Acanthaphora spicifera 10 - 5
Ceratodictyon spongiosum B 5 0
Thalassia hemprichii 5 10
Dictyota sp. B 5
Cymopolia vanbosseae + +
Others + 5 10 10

Values for each species indicate the coverage of the quadrat (50 em
% 50 cm).

+, less than b% coverage.

Distance, distance from the Maximum high water spring; Depth,
depth from the mean sea level (datum of depth, 115cm below mean
sea level).

Substratum: F, Pebble; R, Rock; S, Sand.

JEEBDOREMIT AL L EFE HR X LG THLRLON
B, WERLHEEIIEL, SETAIREE 7.
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% =

AMEICL-T, ERBELI) 6BIBHEOEFN
FEERE =A%, HgIZ o TR AT KX (R
Lol TREH2ED IS, TYEDOHMIIERE
EARSFCrHEotd, 2T EOEFTETEERETHE
L7z, ARFEIE Miki (1933) E=H (1964), Kuo et
al. (2006a) "EEKRE, HFE, SmBLIHREL
TBH, ThoDHREXIRTIERLEL o7,

—fxlz, BREBEAR+tO 37 F 2@ TR
MEEEETENT 2. BERKBTLABOMRIKETR
LA, MIBFEFRIEERLEY, 37 vEFOTIZY
IVTHESHRICAGAL, VIRV EESREL
7- (Fig. 6A, Table 2) . 948 T a7 7 ED 547 (LR
EMTHD, BELIBBELBRESATYS (BH
2006). AEKBILHOEFERALTIIELLASNS
D5, FNLMOHE TRy Py oS R
Lz, B, K- EH (2007) TlEWEESOME
BEAFEEOL AV TRYIL TV, BETHLZ
L LT R O FREPLETH L Z L
L, ZZTlHwbLhdrol,

I VUL, HPb S (1962a, 1962b) AEEKRE
(FEEHE), Kuoetal. (2006a) 2SfEEKE, 2R,
S5mELh#iELTVwS, KR TIIEERRE, ik
BEE S5KE fBTEES (KH) TOEEIHER
SN EEHBICE A THILEFHL IR,
NN TORENRELFI L, BTEVERHED
GHEREEZEZ LD,

RN I T, BERE, WKkBEHE, SR
B, BTrEREH (3R CTHESN. YITV75H0
EDOEOENT 4 T3, VIV 7rH0—RR (LHED)
YN IV EENTELY, EOXRDEIRT
RIS IT T ETINR I T IEHRREREATY
A, Mk BHBEREFZBETIT) avFa A ELE
DEEFEIZRL > TRAET LD, BERKEOBHETIEXE
MLy Iy EREEL 2D UINBEH COAHE
DFRERFIEI AL, BFEIEEOSMRIREEZ S
i,

YN I IR, S (1962a) AAEEKRE,
Kuo et al. (2006a) P HEKE, SmELIVRELT
Wh, RIFFETIIAEERE, WkBEHE, SimETHE
Bah, BERBICE(OHTSE2IEPHLDIIE-
2

NZTVYEREELRE WHWikEHE SHETR
Litfz. HP S (1962a, 1962b) (FAEFERE, Kuo et
al. (2006a) XEEKE, 5RB, ERBLIVEREL
TBY, BEERIL nHTAEIFREINS

AR FFESB LT >~ FiFoBE - BEIRIZIL ¢
ST AHD, P A SV RLIORERFIT I
5, BERKBIEIGEHEOGHOIMREZZ LN,

NayFav7vEE, HPS (1962a, 1962b) A°
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