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Fig. 1. Map of transect lines in Nagura Bay. Thirteen transect lines
and station M were set by Kanamoto and Watanabe (1981). Four
transects, B, E, [ and K, were used in the present study. Three solid
parallel lines across the Bay demarcate tentative ecological divi-
sions; outer, middle and inner parts of the Bay (Kanamoto and
Watanabe 1981).
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Fig. 2. Seasonal changes in the mean vegetation cover and cover-
age area of the four transects B, E, I and K in Nagura Bay.
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Fig. 3. Cross-sectional chart, vegetation cover class and bottom sediment of the transect B in Nagura Bay. HASL, height above sea level; ITZ,
inter tidal zone; MLWS, mean low water spring; STZ, sub tidal zone. Cr, Cymodocea rotundata; Cs, Cymodocea serrulata; Ho, Halophila
ovalis; Hp, Halodule pinifolia; Hu, Halodule uninervis; Si, Syringodium isoetifolium; Th, Thalassia hemprichii; Wh, whole seagrasses.
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Fig. 4. Cross-sectional chart, vegetation cover class and bottom sediment of the transect E in Nagura Bay. See legend of figure 3 for further ex-

planations.
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Fig. 5. Cross-sectional chart, vegetation cover class and bottom sediment of the transect I in Nagura Bay. See legend of figure 3 for further ex-

planations.
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Cross-sectional chart, vegetation cover class and bottom sediment of the transect K in Nagura Bay. See legend of figure 3 for further ex-
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Table 1. Spatial distribution of seagrasses in Nagura Bay at each
season.
Transect Species
Season Dominant Common Rare Absent
B
Oct. "98 CsThCr HuSi Ho Hp
Mar. 99 Cs ThCr HuHo Si HP
June *99 CsCrTh HuHo Si Hp
Sep. °99 CrThCs HuSi Ho Hp
Dec. *99 ThCsCr HuHo Si Hp
AverageB  Cs ThCr Hu Si Ho Hp
E
Oct. "98 CrTh Hp Cs Ho Hu Si
Mar. ’99 CrTh Hp Ho Hu Cs Si
June ’99 CrTh Ho Hu Hp Cs Si
Sep. 99 Cr Hp Th Ho Hu Cs Si
Dec. "99 Th Ho Cr Hu Hp Cs Si
Average E  Cr Th Hp Ho Hu Cs Si
I
Oct. *98 CrThCs HpHo Hu Si
Mar. ’99 Cr Th Cs Hp Ho Hu Si
June *99 Cr Th Cs Hp Ho Hu Si
Sep. '99 Cr HpCsThHoHu Si
Dec. "99 CrCs Th Hp Ho Hu Si
Average 1 Cr Th Cs Hp Ho Hu Si
K
Oct. 98 Cs Cr Th Hu Ho Hp Si
Mar. ’99 CsHuTh Ho Cr SiHp
June 99 Cs Cr Hu Th Ho Si Hp
Sep. 99 Cs Cr Th Hu Ho Si Hp
(Dec.’99* CsCr Th Hu Hp Si Ho)
Average K CsCr Th Hu Ho Si Hp

*: Transect K consists of 30 sections, but only 25 sections were re-
searched by rough weather condition in Dec. *99.

Cr, Cymodocea rotundata; Cs, Cymodocea serrulata; Ho, Halophila
ovalis; Hp, Halodule pinifolia; Hu, Halodule uninervis; Si,
Syringodium isoetifolium; Th, Thalassia hemprichii.

WwWawn, b7 rEs b TEORBED BRI A, HhE
277 ADAKRENTEL 7 (Table 1). £ TiEfE i (N>n),
3 (n>N>n/2), i N<n2) KUk L (N=0) D4
127072, nldA@AEZ L OOT A DEE RS LT
kv aVBTHB., v IRy NTEDFYTIE,
BHEIR=TE@Cr), VayFavT7vECs), VYo
TF 2T ZXHE (Th) DIFEBIEELAET, BT
VaoFoT20%, BREUCBRERETEIR= 72D
RELSETH 72, v YNNT IVTY (Hp) i3, EEK
CEBRBTIIEET, BOFOBR UK TiEE 572K A
SNz, fﬁf?ﬁot. 7 IV (Hu) &, BRI
DITIE, MBI TOER, it sy 3 Y ENS
WODOT, ERIZIEB, E&UK@ﬁﬁurfﬁot.ﬁ
DT E (S BORDB TIXERATH - 7258, IRUK
TIEH, BREOETIX, 984 10 HICIZMER I h~- ¢
DO, b7 VORI TIESMELIZAS.

Table 2. Vertical distribution of seagrasses in Nagura Bay

Vertical classification/Species Hp Ho Cr Hu Th Cs Si

Inter tidal zone ++ ++ - - - =
Upper sub tidal zone - + ++ + + 4+ -
Middle subtidal zone + 4+ ++ ++ + 4+

Lower subtidal zone + - 4+ 4+ ++ +

++: dense, +: common, —: rare.

Cr, Cymodocea rotundata; Cs, Cymodocea serrulata; Ho, Halophila
ovalis; Hp, Halodule pinifolia; Hu, Halodule uninervis; Si,
Syringodium isoetifolium; Th, Thalassia hemprichii.

Table 1 72 5 EFHEAL #FHAW -7, TICILER S
YT FBTHOL2GESITHEBIZRRA A0 EHIZE
bht.%@@®%§d,§%%ﬂt@N%;5&ﬂm
AN E o7, KIZBWTOL, "994E3 HizR
v%ﬁﬁﬁbtﬁ,%@%@@LT%D.?@EW&@
b, KEPMET HIZEOFHEIC &5 N EELE
BEbhs.

SOFTE» S |, WEFED LEEIZ BT 5 EES ﬁ
A=V DORBAEZLDZOMNTable 2 TH 5. A%
A L - BB OBRESE, WRE (K%03m HASL)
5 TEE R (K&E2.1mHASL) @, KEEEH1.8m
DHFPHIZ 746 L Tu7z (Figs. 3-6). ¥ V737 3254 (Hp)
DEIIZ, BALNLT Ty MZORGAGT HFEMHIZ, ¥
A M3 5fE V25, 7 I RILE (Ho) &I
NELERFIETH 70, v INT IV LEST
PEREI T E TALNIZ, XZTYE(Cr), YIVSY
Huw), Va2vFa2UZAHE(ThH) K 29 F 1.9 T7<E
(Cs) Z, W PRI E D LALNEHETSH B,
RZT7VEEZ EEEITE, 9I09 L) avF 92
HEZHEEA TR, V2T F 207 7T FEE Fps
BAMDHLTH 72, K7 <E (Si) IZHIRHIZI3E - 7=

<¢-§U:)hj_, J:%B(éﬂ—l:'ﬂ? /J\L&Bhf_z}‘, '#nﬁﬁﬂ:
WA MOHLT, FEEITHICEASNZ, Va

FaTAHERY 20 F 297 vEBIFEFEDNEIZIZ S
i L T 5 - 7= (Figs. 3-6).

ZE
FEAUE RS O M BRAE D

YIRETIZ 6B MR A TE =28, HARIZH
M4 2MWBESIE 1678 (M4 1998) DF-Ir255A LTy
ZEilnd, HEOMBBREIETEIYIVay T
Enhalus acoroides (L. f.) Royle B{ll4> > T 7B OFEN A S
N5 (K 1985, 1990). X k4 (Van Tien 1998) X7 4
Y ¥V (Kiswara 1990) T3 ZhZh 14FEDMER S h T3
2, HEERAZOT, BEEESZOHAD 16HOF 1%
W, BRE I N/ NBETIL, Kiswara (1996) 234 ~ F v

IZ® % Lombok /5D Kuta BT 10F#, Gerupuk 5T 1178
DFERAZ, ATV EEBRL LRBED THIZTRT
BEENTOT, BO3~4FIEY I 3w 74 GOBEE
Th-H7=,

ME(1999) (3, FRERIIBOWFIZDONTE LD 2kh
T, B L OX a0d > T, @Eg &) X3k
BEZW»PE RNV ERNR, RESEEEOIRE L
T3, LaL, BupOEBicam+ 558 LoEny 3
v 3w 7 (H¥ 5 1962b, Den Hartog 1970, 1977, Nozawa
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1972, Johnstone 1975, 1978, 1979, Larkum 1977, Lipkin
1977, Tsuda et al. 1977, Y4 H 1976, 1999, Kock and Tsuda
1978, Ethirmannasingam et al. 1996, Japer Sidik et al. 1996,
Kiswara 1996, Lewmanomont et al. 1996, Van Tien 1998, 1#
Hb 1985, 1990) (XA EEITIGHBI Uy, 72, Halophila
beccarii AschersonX° H. spinulosa (R. Br) Ascherson & Y-
7BV ED Y I L RIS B L &y (Japer Sidik et al.
1996, Kiswara 1996, Lewmanomont et al. 1996, Van Tien
1998). L2 L&A6, HEiBIDILIZY Iva v Tid
S5 LT % (Nozawa 1972, M EL1976,1999), 7=, K
KOENERF R OHRFERFOERIZ ST 5 7 7 FE Zostera
marina, LY T VEZ caespitosa, #F T VELZ caulescens,
K % 7~ E Z asiatica (Miki 1932, 1933, 1934b, K#% 5
1996, Aioi et al. 1996, fH4 1998 (Z4°) 13 ZEBITITHBIL
W, HREBEEY A EU MBS OB REERIIF L
OCNE TR T b (Miki 1932, 1934b, HH1 5
1962b, Nozawa 1972, A - ¥ 1981, M E 19991F ).
ZOELDEKER TG RAEDLDEELOND,

FORIBIZ 73 Y B I D Sy AR

HIRBOMEREL MY 2HHE 8TED iy MmO %
Table 312 % & ¥ 72, Miki (1932, 1933, 1934a, b), M E
(1993a, b, 1999), Bandeira and Antonio (1996), Den Hartog
(1970, 1977), Johnstone (1975, 1978, 1979), Lewmanomont
et al. (1996), Kiswara (1996), Japar Sidik et al. (1996, 1999),
RAED (1996), HE (1998), KA - A4 (1998), Van Tien
(1998) DHFFE & IR L, HiBHRES OB R %
FEL 7,

U I VTV OZBETOREGMIE, 24 XNT Ty
FABROWTIEL B LT, BRETEOHAES
—0.55~-2.05m HASL LfRE T /eds, A Y FAae T
TIE, RKEOMDOFEEINR I THWAD, 0~—3m, 7
L=y 7T —18mMSLERIEI DA 572, T 7
Z a2 —F =7 TR TR (ELWS) Kb 175
0.5~0.8mIZHMTB5 LD, BAEAIZ, QHEEBOES
(HASL) (& K335 T8 (MLWS) & D £990cm &,
Den Hartog (1970) 12k 3 &, w7 I P Y IEKEIOME T
FMTBLNIN, AEBEELHEMES TIE, KE
SmPETEE S hThan (84K %K), KEIZD
WL, BEETIERHIZZ L, BIRICEAL R,
Kiswara (1996) %> Lewmanomont et al. (1996) I35 IZ5F L
<, AILHEOMC, JE, M), My, 4 I3ouk
RFEY VIO AE EIZHIFT TS, AR TE, ikl
Ko TH Y ITROW, WiHh oDk, GILEROW L E
MAELI, 4V P3P 7R A4 LRRORE R 54
LT3, B{EHIZOWTIE, sHE6HIZALG N,
YE (1993b, 1999) 12k % &, WHEARSE K OREITIE,
7H, 9, 10H &,

7 YNy I DI EE TR (—03~—1.1m
HASL) IZFEIZMm L7208, 42 F 327 TIIKEO0~—2m
12, 2 A4 TiE EEERE ~ s, v L -2 7 Tk
RPN —1.8MSLIZ, /3T 7 =2 —F =7 TIZELWS~
KE2mIZHA L, BEBIZHANTHE ., AV P27
a4 TEHILRMDRL, Wiet, mh, iz, 37
T o a—F T TIRRbLPWIBHID, GRS TIIME
IZ0AT 5. AR TIRS, 6,9, 10 HIZEHDOIK L A
B, BEAWGEREIES L CERM L Th 3 e Bbh s,

N7V EBIZLBIBOERIZ B 5 FTEBREDO O &

DT, WHHZR LS T RIZIAS ML T, KE
—0.4~-2.1m HASL £ T/ LT\ 720, EOFIZIED
Bhot, A VXY 7 TIE0~-3m, YL —Y7Tid
—21mMSL & ZRBEL D, LRI ALRS. FL
wBTEETER~KE 2micamL, TT5&2512%
W (Lipkin 1977). & 4 T3 T ESEIR A Ot a0+
VIO ARIZA L AL IS &£y D (Lewmanomont et
al. 1996). EHF L E—ZDMecufiiBETIX, 77— VHD
B A (ZIEADD L AL S &9 (Bandeira and
Antonio 1996). BB Tidkk 4 S X ORPHIIZAS N7z
N, AV ERTTREA TR, i, a0
R HRICASNS &S RIFE T, BRI T
FEoiz, Yy, W2 EWATEIRLROM,
EHIZHILRDIL LA Z FIZEAZ BT TALN, %
BRBORBIZA VYV FA Y T7RE4 EEDOEVERDN
5. LB TIZERNIAHT, TS, HATEH»
THEOP AIZIERAENTZDARATH S, 41V K17
TIXI~ILHTH 7.

JavFaw7vER, HRETETEEREEOD &
DT, BT AR BB EIC T 50, BOERICE
T, BRIZE AT 528N B, mKREL, B
BTl —055~=2.1m HASLIZAE L, RRHEVNHIZE
W, 4 Y P AT TEHOO~-3m, V=Y 7 TiE—1.8m
MSL, # 4 TRHBHTH I 0D, T T7 =1 —F=
7 TiE, ELWSD L 10em» 5 —3~—5miZfi§5 &
WO L AEBICIETER, B, St Ao, AV F
3T TRAA TIERYEH, MiEbih, b, KHabih, 42
IO & &b L g0, BRI OV T, B
BTIEALNY, M TLENTEHELIN TR,

Ay 72 EIL, BREBETEIILIRoNBcEZ T
Wz, HORERRBIIRIZZ <, B - BRETE
ML T, JaoFawT7vERY 2UF 2w
2 FB|IEEMHIZ T L, A - 0 (1981) DI
MoFEETIE, BIZLAHBELTWhWAEWZ ErS Y, 4
BB TORHDLE EHbrs,. HF S (1962a, b) &
ENEEDOTETH 5 L RTW 5, BB T AKE
I3—1.1~=2.1mHASL &, WL ZA%K5. 1V F %
VP TIIAKEO~—6mETHAML, L= 7 Tid—1.8m
MSL TA LN E WS, & A TR B THRE B
W& S (Lewmanomont et al. 1996). #Li#EZ O TE +
TR & KK S~6mIZ 4§ % &> (Lipkin 1977, Den
Hartog 1970). IREIZ, #diB TI3fbletth 25> 7-2%, A
VAT TR T, wiekh, Mebi, wbih, oMb
Mo, B TOREF R S BRIAVY. ZEE TIX BRI RERR
ERhTngny, iz 7~ HiZlEnAGh, 1V
FXS7TIE8~12AHDS v H, 24 TE1~3HIZAS
B &), BICKk > TEMBH B2 ZDESIETH S,

VawF 2w 24 BEIAEBETIE, TERBEEOV &
DT, MR, FAXZNLT Ty MZEALR, Ero
7z, A PN (1981) OFEATE, SRIORFETALGN
LZEREDOM FEH AN, \FLEL T, | v AHICE
LT3 7 EIZBRWT, TEMIRIKTE i
WEDOIMEL Ld 7. AV FERY T, L=V 7T, 4
A TRTEHREYIVavTIZEDRNSD, 4V FHEIZHE
L7=EH v ¥ —2IdLE8 O Mecufi?s T, BRI OFEIZ
50% L EAE S, ZEdE TIRAKERA S —0.55~—-2.1m
HASLIZR U, JRE LR, #S, siicbid, ¥
TROEFEDOFEBNIZ T Z RS A DIAA TN, 1~
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FAT 7R84 T, Wiehh, M, fHbh, v+ o
OWRHAIZ AL T, AEEORIE KELWE
Bbhd., HMiKFEEALA Y FAYT7TIZ0~—6m,
L=y 7Tl —15~—18miZfm L, &4 TIZERHE T
2 o MR IC 0T 5 &0, ZBEEO S ARG
HWR7 OTICHRTENEVWZ LS. BAFRLEBETIE,
FHEOEALI, M, 1V x> 7, 24 TEIFT
R ENZ 226, ARBETEEEPIZFT &8
N3, HEOBEEGOFEHENS DL NERD—D
E, VavF v A EOBHEMMREEICIHAZD, g
MENWZDTHEEELZLNS,

v IR, BiIZDR0VA, BB TOSRHEPI
V&L o7z, By - dEvy - Wi S HBER M2 e &
JAWFETd 5 (Den Hartog 1970). A AiAKEIL, HEAT
13 —03~—-2.05m HASL & A<, < DAWEER TidK
RI4AmTHEZEIN TS (EALFEK). HP S (1962a)
BIRERA S TO ARl T LT 2 1Ic O THEL &
BEHEL TS, 4V FRY 7 TIFABEO~—6miZsy
fl, L=V 7T —15~-21m MSLIZ/F L, %
A Tid LEB#EIRH A 6 R IC ) TAS R, EBRS
MR BN, 4 Y P2y 7, 24 TI3AILEMH, J6
H, Wk, HIRDHL, MHEDHL, B, VY T OBEH A
CIRIEL RS, BEBETIEIMHE 5> Tn5A, e
[RIRRIEIA A - 72, ZRIETIE, BA{EZs, 6,9, 10 HIZA
bz, WETIZ8~10H, 41 ¥ FxL 7 TiEs, 9, 11,
12H, B4 TE1I~5A»EBThHb& 05, Y3kl
BIEEMICITE S 2L, PR & OE 5 A0 # A R &
JIWNFET® % (Den Hartog 19701F42) .

a7 v EIHE IR ERIRORE (Miki 1933, 1934a, Den
Hartog 1970 742) T, BE» & HIHOTE 1T % 4F
B, TIING IV ERIEL T, et AR LFA, JE
Hr, WhURML, WHHICHEZ B LS (HT S 1962b, Y E
1999) . ZEE TH LI ONO IRz A 2 Tz
(A& - ¥ 1981), KRTOFATEREIZHEEL TS
(Kuo and Kanamoto unpublished data). Jeft L 723511 &
KALN, BPRB T MEEIARLDDH 5. FIEE
KOMIZH BT LIZEFMTHH, RAKIIZDARSG
A% &3S (Van Tien 1998). B CORMHIIMEE TE
Bhrotzh, AR KRURATIE, 3~6A, EHET
LHICR{ET 5 L0,

WA DWED X512, —FITHIET % & 5 2 EHiE1
AN EP 720, ZTHEEEHAELW D EEbR
7= (Miki 1933, 1934a, Den Hartog 1970, 24 £ 1993b, 1999).
MO LRE, MICKS0E () Mo RX,
— AR ALNE T LR ED, AR REIBORBE
T, 4 Of KR OEBEESEROEHENLNDENED
LR bNT-.

S5

AR 4 AN LR L TEN 72, BRI 2 v
S — AR HE - BRIF BT O R A g 1 b R OSBRI R G
MR 5. Pav X K EENTZR R Ao 3 S A D 8
FHERE L, ML K PERRBRIG A E G, RR IS IO F R
(BRI KPEGRBR G ) ISR 5. B RFBIEI %
Fr OMAEREE 181, University of Western Australia, Dr. J.
Kuo, University of Putra Malaysia, Dr. B. Japer Sidik {Z 1378
EICB T2 WBHMOBEEB N DO TREMT 5. miKlD,
BUTHEICARL THRE, BEEAZERAHWEZ_AD
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Spatial distributions of seagrass and their seasonal change in
Nagura Bay, Ishigaki Island, Okinawa

Ziyusei Kanamoto
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Nagura Bay in Ishigaki Island, Japan is located in the subtropics. It is the U-shape bay open to west-southwest with 20 km coastline.
Subtropical seagrass species are distributed in inter tidal and sub tidal zones in the Bay. Seagrass coverage and substrate condition along
transects were observed five times between October 1998 and December 1999. Seagrass coverage of the inner Bay had 6 times of the calm
side of the outer Bay, and 3 times of the middle and the rough side of the outer Bay. Seagrass coverage was height in summer and autumn.
Spatial distributions of seagrass meadows were defined by the composition of seagrass species along transects, which depend on the depth
of water and substrate condition. Seagrass meadows in Nagura Bay were consisted of 8 species in 6 genera. Halodule pinifolia and Zostera
japonica are found in only inter tidal zone. Halophila ovalis is distributed between inter tidal and lower sub tidal zones. Following four
species are mainly distributed in sub tidal zone. Cymodocea rotundata is found in the most upper sub tidal zone, Halodule uninervis, and
Thalassia hemprichii are found in the most middle sub tidal zone, and Cymodocea serrulata is found in the most lower sub tidal zone.
Syringodium isoetifolium is found in limited area of middle and lower sub tidal zones.
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