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THRAZEIZI-2m (CD.L. %) $TTHL—F, WOEFHBTII4-6m FTHMA L. TYED
SEHAEAEE120-180g DWm D FEBHIZ 3 o 7248, T E OO 4 XL EEFIAEFRICL D &L -
Tz, FHHEIEEEIIC L ) 88-278 shoots m*DFEHTH 1), St.33 & U St.5TIIAF I
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BHbDTH5.

TR E IS L TR 2 k- T TR, FOMEA MM F L TERERT—< &
oTwh (FHoH, 2005). @ANETE, TOKELORED,S, 7 EHOWERERTEYL L2
A A TEEIHAD T o fFhNTE L (OFith, 1982), /o, WBNE {OT v EHOBEIEFANSH D,
FOW OB ERND TS —F (e.g., Morita, 2000 : KA S, 2005) T, 7YEDKBREIIMT S
LA 2 AHIZ DV TIRET LA Tl v AL, A NEOR T LiRd 7 EHOMEIE Lo
RILRSEB L U FORIERIC BT 5 7 v EHOBRKOREL LTERPH L LD EER D,

R ETE

FEHS SURERA

WAL ER L0, G EBEELONGHE OLBRAFATE  St1), |6 g KB Rl Ak
(F BT H T St2), SIS BT+ s QLIRS ERE B AR EHET @ St3), IKBE, 6
i~ U 2 AGHETE T d A O B o FHE ML (UOEAET @ Std), B X UHIHEIHNI RIS
LB OMBEHE (U @ St.S) DSHFITaH S (Fig. 1, Table 1), St4& St5IZ2\TiL, i
B TIEMTF#E#IZE L TvD,

T EOFSIZA YT H20045E5H250 (St.3), 270 (St.2) BLU28H (Stl), £/:E4FETHIH (St4)
BLU20 (St5) AT EKL. WEEEDIC, TAENOEFTO 7T~ EHOMNT, Kl - Ho%x
STD &f (AST-1000M, 7L v # BT-4H) 12X ), F/KkpokBE % £atT50 (LI-1400, LI-COR #%)
2 DL,

FXEDOHHIRE CBEAHROBE
BHEEPSORMEMDHIZLY, TEOFHAAHANHR ST DRI OEETE m BT

ZHWT, FHNEEZERL 2/ BRI TRMFMOMT LD E L 225, FRIEROLTHMICH L
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Fig. 1. Research site locations of Zostera marina populations in this study.
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Table 1. Survey stations and date of survey in this study

St. No. Location Zostera area surveyed (m’) Date of Survey
St.1 Ajina, Hatsukaichi, Hiroshima 6,200 28th May 2004
St.2 Kuroyama, Okurokami-jima, Hiroshima 2,800 27th May 2004
St.3 Zushi, Yashiro-jima, Yamaguchi 6,200 25th May 2004
St.4 lhono-sho, Yanai, Yamaguchi 29,700 Ist July 2004
St.5 Kona, Heigun-jima, Yamaguchi 5,700 2nd July 2004

W EN RO, S 7~ EOGAHIT 2 HE L7z, RSO TEE DGPS (AG124, 1) ¥ 7 uit)
TRLER L 72o

FRENOMAETMAT, MERORSTED S 7TV AL EW L Tv b LRI SN/ -HATI T E 07
£ &AL, E6ICETA (LT, 7Yy FAZ7ALRRT2) b LARETo0EHEE @S L) IR
AT 2 BE L7z IS LI BW T, IERCTHR SN T Y EREOREOF B, LTED LIRE
SUTREHEFL, ThFhofificr4 &AL,

FEAHRICHB VI ABRBETFIEOMEE, REESFOHRERE

SCUBA (2L b, MFMM LIZTRIEIZL DT v BWEOLIL LB L /-1, W Lo LR, FRO 71
MR 4%45r L, LR S 7 4 HEEsED /4, 1/2, 34D T50em A 20Ok L, BNOT
TEEFHTIHISETIRIE L, AT, UEBEIOIEIZ2VWT, #hENS (Shallow) 11, M (Middle)
£, D (Deep) miEFiLT %,

B Lo 7w EEEIIOWT, HHE R ERBEORED LAERiBkoME ko Theh
OEH EIBE T EIZE 0 2 BRICB T A1 B E TR ORERIE, RS SRRICHERT A
DL L WO Ade Uiz YN 37200, SRS 2 ES hTELREMTIME L,
ZALEE60T T C48EEMIFEIE L, it xR 7,

7 X EOHEMEEOIRIE

SOOMAEMIZEIT 2 7~ EOREMFEOICE L LErfTo /-, FMERO T I EHNIZBVT. 7Y ¥
FRZ A ik LTHE (Bah i) 15-18m, M (BISEAT) 20m o FR7 Y v FEBEL, FU v F
MTHEIM, HiSm OMEZECTT7 v ERHERRE L. B, EFEE, KET [EWEHEICRN L7
T~ WA RS 2B A T v EOMEIEIFTICB VT, 120OWE, SREFMIZL S
70— FEBERYE L v o iR S s Tk (MOZATEGE AOKEER S TZE 1 > & — Bk XK EERF 72T,
2005) (ZHEHLL 72,

HRIRMIIH T - TIE, EHRTFOLEEICRL TV T EOERMKE LT TEL, il (internode)
THEEDPSI0FH CH 27T THMIRI LT, E6IZZ0O10HM A 500 L Tw b EEKRAHNIEE
TEFORTELELICHIELL. Shor BE eahl, BEILIZZ7AF—RHEEZLBIZIML
THbLE -7 St2, St4, StSIZ2WVTIE30EE, St3lzoWnTIE3SHEXFE L 7245, StlUI2WTIZT
CEHHICTAFDHERL, TEOHM YRS LATHEET, 20EoREIIE ST o7,

Fbho - gMEiconT, Elitko4sE (©), IHMOFEYE (@), HiMOTHERE (®:2, 5, 8
FHOMMOFEY), FELTWLEToOXEKROBENEE (@), FEFEEKOIEHE Lo AR (®)
ZilsE L7 (Fig.2). T/, HMEOEREFIUORK 2 ICET D720, S0 108 A 5 5008 L 7253808
(®: —F5HER), S5IZENLOFEDSELLETOHREROR (D) il (Fig.2).
7Y EBAOERERE

MWAEMNS FoTwESER SH MMA DA FRIZBWT, £MA2510em 5 F TOKHE, HiE
dem DT TIRGIRIE L 720 FNENO I THREWICOWT, BT (AVS), A (L)
BEUKEZNELZ, AVS 122V TIIBRIMEE (NFaF v 2 S AMAAE, No20lH, #AT v 7i)
12k =T, FAMmBIR 22V TR S 72 PURUE & 550°C TORFMIMABE L THMlSE L 7o RIEEIZ2W T,
20~30g DETRE % 5 5 WiRE I #1221, Wentworth DFLEEKX S (A, 1971) 2L -T, L&
(4000um<), {1l * (2000~4000um). BWAHLES (1000~2000um), #HFF (500~1000pm), HEF (250~500um),
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t@ *mean of 2™,
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Fig. 2. Morphology and measured or counted parts of sampled Zostera marina
‘individual’ in a grid-samplig (subscribed protocol by Tohoku Regional
Fisheries Research Institute(2005)) for a DNA analysis. (: Length of
flowering shoot; @): mean length of an internode of main rhizome (mean of 10
internodes); 3: mean diameter of an internode (mean of 2nd, 5th and 8th
internodes); @: length of all vegetative shoots (originated from main
rhizome); &) : maximum leaf width of vegetative shoots; (6): number of ‘first
branches’ from main rhizome; (@: number of all vegetative shoots originated
from one main rhizome.
AEL (125~250pum), BH#EE (63~125um), i€ (<63um) DL HIZKGF L7,
HETRURE
ERECKEROER. REEOFECHTZOHMORSFT v TORBHFEII VTR, SHHO
HEBE TTFHEOEII OV THITIRELXTo72. A= Ly FPOMEILL ) 7— 7 OFGHMES RIS
NIHEENT A MY v 7 e—RBOTHTITE (One-way ANOVA) %, il s &1
DVTIRZ VAA N -4 ) AHE (Kruskal-Wallis test) 2 #iH L 7=

B R

BPERICBEITEZFVEBOBRE

SHTOMEMIZET 57 ¥ EHIIAKEO~6m (C.DL. H#i#E, LLTE) OfPAICEE S, FoMEiiH
EOEMIRIZ25~150m BETH o7 (Fig. 3, 4),

SLID T < EHE, FEMAER S BN & HEEE, o A L3R o B IZFE A5 5 1E300m 2 EE o) B 2L
HEORIMICEE ST (Fig. 3). AFEMNR EIZET 27 v EHOEMFMOMEZH50m T, FoKigE
WIX0~1m TH Y, TYEHHNOBKABRIIELHTH o7 (Fig.4)o 7Y EOFHWLWEILI0% TH >
7o, TREHPIIZFERO T A FEOMER (Fig. 5SA) 29RK10em DOE 2 TRH SN,

St20 7 < EH (Fig. 5B) (&, Bdb/F o 2L AT H o#IES00m B O ATLIZER & hTw: (Fig 3).
T EOEET ZKIERFIZ0~2m TH Y, WHEIZBT2 7 v EHOREMISIEA25m B, P75 B
1260% Td -7 (Fig.4)o

St3DT v EME, BALREOFT o BAIBERE L MBI O BRI 3 2/ S 2 RO B S
T (Fig. 3)o 7~ EHOKEN20~4m, W EOEMIFIZA80m THoro (Fig. 4)e 7 EDFY
B9 2 BERE (LK EE2m £ T60%, THLUET40%. TIRMFATIE20% TH N, 7 EOSM FRAGEKIZE
HELE o> TWi,

St4n 77 EH; (Fig. 5C) &, BIAICERBR*E U EAMEOFMIZE@EAIZIE > Tv /s (Fig 3). 7
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Fig. 3. Topography and distribution of 5 Zostera populations (St.1-St.5) surveyed by a sonar in
this study. A line through a bed (Tr.) indicates a transect set for a SCUBA observation.
Black triangle ( 4 ) is a center for grid-sampling of Z. marina individuals for a DNA
analysis.

T EOGAAREZO~4m, W BT D EPEIZE150m, #HEIZS0~70% Th -7 (Fig.4).

StsO T v EH; (Fig. 5D) &, Ak IC#E A ZHdbMIZT 2 3w ALICEE ST (Fig 3).
ANIOERESLAPSATAKOLFTHEBEENZLFETH), TYEHOLRMMGEIZL X EBMRE-
R THotz. TEDOGARELO~6m, FiPiEIZH80m, FHMLEEIZ50~70%TH), T EH
O YL R DK & L 2EBb A R 6 7z (Fig. 4).

Table 202 &M IZ 354 2 WA H oK, $Ha, ARPGEIIC X 05l L2l oliRiie m 4. Sm
ELKIRER AR S vo2dh o f278, ERAKRIEBELR21-2T TH - 720 StHI 2T TR A*
s, FROMALPRE SN/, F/o, HREIZE ICHEIBIZAMET S St1E St4T04T R 5
R Iz 6
EPEBHICHBITAHBELRFR

BAMAHIC BT A T v BRI (HIEkk B L RO &) % Fig 612, T o4k (Fig. SE) o8&
# Fig. TR L7z

B EE I IS AC L B T 2ol VAR 67 (Fig6)o F72 St3B LU SLSIZB W TIE, HREREIZEAT (S
) CE <, AT (M, D) THIRB ARV ATH o 72 St3E SLSOTIRRERE L EEN278, 249
HmPThorht HLKEOH S ETIEW ¢ (FAFN424, 368m™), M AL D HTIEWIIL 1200
BmiiiiaTh o . THWRELIL, St3& St5T278, 249k m ™ THo7- (Fig 6)o —H, JLEHERHO
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Fig. 4. Topography and distribution (vertical sections) of 5 Zostera
populations on a transect (Tr.) in Fig. 3. S, M and D indicate points
of quadrat sampling of Z. marina. Point S (Shallow), M (Medium)
and D (Deep) is located at 25%, 50% and 75% in a distance between
upper and lower limits of Zostera distribution, respectively.

Table 2. Environmental measurements at the dates of survey

St. No. Depth range(m) of Range in Water Range in Extinction
measurement temp. (°C) salinity (PSU) coefficient
St.l 0-10 15.8-21.7 24.7-32.7 0.41
St.2 0-10 16.7-21.8 31.2-33.0 0.29
St.3 0-5 17.6-22.0 30.2-31.8 0.24
St4 0-4 20.6-21.8 31.8-32.4 0.46
St.5 0-4 19.8-20.8 32.9-33.0 0.33

St2Tid, IMOBERE OB & F3913226~2443 L 02358 m? TH D, KIEICL BBV IZREWTH - 72,
EBHICHERITICMET S S, StdllBiL, KEORLSLHS, M, D HOREEOTM L FigZ, The
N96~13035 L T 111#k m?, 68~ 10045 L U88%: m™ T - 7= (Fig. 6)

kO S (Fig?) (220 Tk, AN THE R EIELT L LRSS a7 FYi suT
14.1%. St3TIL1I% Tdh o775 WOMBEBTEFNL5~6BRIETH -7z, Stad SLSTIIKIEDR L
BHIMMOERDIEANAE , M EN23~118%, 25~9.1%TdHh, EITEEREO8 &
Wi 2 f@masd -7 (Fig. 7).

Fig. 8ICZNENOWERIZH T L, TYEOM LS T (Fig. SF) 3 X URBFR, FARGFEIC
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Fig. 5. A-F. Photos of Z. marina beds surveyed in this study. A: Zostera bed at St.
1 where propagation of Ulva spp. was observed; B: Zostera bed at St. 2,
branching rhizomes (photographed after surface sediment was removed);
C: Zostera bed at St. 4; D: Zostera bed at St. 5; E: a flowering shoot at St.
I: F: below-ground parts (rhizomes and roots) of Z. marina at St. 3.
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Fig. 6. Shoot density of 5 Zostera populations in a
luxuary season of 2004 in this study. Each bar
of 8, M and D indicates a mean of two 0.25 m’
quadrats sampled at each point along a line
transect (see Fig. 4). Bar of T is a mean of all
quadrats.
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Fig. 7.
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Frequency of flowering-shoots in all shoots
(vegetative and flowering) of 5 Zostera
populations in a luxuary season of 2004 in this
study. Each bar of S, M and D indicates a mean
of two 0.25 m* quadrats sampled at each point
along a line transect (sce Fig. 4). Barof T is a
mean of all quadrats.
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BUFAH 1S - ol ER LA,

BN Z BT A KEORL H3LOH LB RO (B & UFH) £, Sul:92.3-112.1(99.6)g
DWm?, St.2:121.9-157.1(143.7)g DWm>, St.3:79.7-195.1 (133.3)g DWm”, St.4: 110.3-191.6(137.9)g
DWm? St5:81.0-186.8 (129.4)g DWm>T&dh -7z, St.3, Std, StSTIIAKIFEIZL DB KE LEHRS
Nioh, EoORKFECTHERY SV, WEMIZE YR >Tw/s (Fig 8). FL T EHBRELROMM
(BLUT) (£, St1:22.0-24.3(23.4)g DWm™, St.2 : 28.4-49.8(40.6)g DWm~, St3: 29.4-111.4(59.6)¢g
DWm? St4:12.6-32.9(20.4)g DWm™, St.5:23.9-40.4 (34.6)g DWm T o7z L EHTIEHITEO St.3
IZBWT, SLIZZIbE LIER IO T2 e S, $cdir (S ) CTH¥ETh-7 (Fig. 8)-
EH (M EER L HFE R S bR (B L UUEY) T, Stl : 114.3-136.3(123.0)g DWm®, St.2:
150.3-202.0 (184.4)g DWm™, St.3:109.1-306.5 (192.9)g DWm™, St.4:124.3-224.5(158.2)g DWm™,
St5 1 121.4-210.7 (163.9)g DWm™Tdh o7z St3I% I L, Std, SLSTLRKEMTREEROEINE -
7ot EHBEERTIR SL1F BV TEBEH4160-190 g DWm™THh -7 (Fig. 8).

BRI L E B THOREIIBWTE, AR THE S AR 57, St4TIIKIEDS
B3I B A PO LSO (35 £ UFEE) 25 10.1-14.6 (12.9) % L AOFAHIZ I L T/hE o7,
—7J. SL3TIE, 233-363 (30.9) %. LFHWIZAKEL, IS HTHOTRED 7 FHIZ SLSIZBWVTY,
S MO THLILEIZIZ3% L KED 7245 DAETIHINIBTHD, KEIZLLENSKEN -7 (Fig.8).
ZWEWICET B 7T TORM S

TR - REROSE, HRONEE MTEQIHMOE S, BXUZOREICIEEAMR TUIN

e AtE ) W ILOTBAL O bR 2 4 T2 (One-way ANOVA, p<0.01) A5 & & 54172 (Table 3)

- Above-ground biomass [_] : vegetative shoots, [] : flowering shoots
E st st.2 L] st3 |st4 st5

2100 ] ﬂ ]

a

o | ] ] ]

S M D T 8 M DT 8 M DT 8 M DT S M D T
Below-ground biomass [] : rhyzomes, [l : roots

o

S M DT S M D
Total biomass [ | :above-ground biomass,
“FE300- St.1 St.2 1 St.3

“npgallg A0y

Biomass ratio [_| :above-ground biomass,

s M DT S M DT
elow-ground biomass

Audeans
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=T ] ]
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o+HLL 8 L ] I V(9 ; Ll L . 1 T S | i
s M D T s M D T s M D T s M D T S M D T

Fig. 8. Above-ground, below-ground and total biomass of 5 Zostera populations in a luxuriant season of 2004 in
this study. Proportion of above- and below-ground biomass to total biomass is also shown. Each bar of S,
M and D indicates a mean of two 0.25 m® quadrats sampled at each point along a line transect (see Fig. 4).
Bar of T is a mean of all quadrats.



B L CFORILO T < T 0 79

BEERO3IAET (St1, St.2, St3) Tk, HEE2LEOORERL~NDHILE, TYEDLEOFLOH
A A LS ) FARAVNEET 2 MDA S 7z, RS, IS BLIZI Y St4 L 4o StSIcD T h,
B SAO T B EDEMO A XHKE L, BHEGEEEO S50 7 v B2k NETH 72,
flE L THAERO &R HITD L, LRBRIO SL1OFIYEEA089cm THLDIIF L, HELIHE® SL3
T1£50.0cm TH 1, [ L < St4D137.0cm (28 L, St.5Tid60.6cm & /MU Tdr -7 (Table 3)o

Fig. Q124 L7z A Rikk L & D c D i L2108 M o B TR O A 08 E (—&55H), B L URS 24
UM OEBOHEL R Lz, lfEdh) o—RK9EE F8koREL  SMEhoFH oM i
W77 (Kruskal-Wallis test; p<0.01) 23R & ¥ 517,

— WA O EE, S, St.3, StSIZ W TIEFEIYLS-1.7TH Y, 10 M ORMIZ—BED 58 L T ik
L AL, —F. St2, StADFEHOGHEEIII NS LY KE {, I St4D5HEBDE— FIE3TH D,
HEIZTH L TOARENEE o SHED 64 U REsRoRIZo>»W T, Stl, St3, StsizowTid
FHL6-1.98TH Y, St2& St4TIE, FREFNINME 38K TH o7z FIEHRBHOBEESA 2BV T,
St.1, St3, StSOTTENIED L 2Bz fihLaFonlcn L, St2k StaTld & 0% okt
FFOBEARM L, BHSA O GEAEEETH - 720 St2 TR TIIHE, St4TIEFE U 9bkDH etk %
H L@ A & 6 ALz (Fig. 9) o
P EHBAORERE

ZMAEROT~EEO LR, SA MA, D&, TRECHLAKTORBESEMHICDIRE (AVS) #
Table 412, W#EGE (IL) % Table 512, REEHIRL % Fig. 1012777,

AVS (22 Tid, St2 1FRT0.26mg g sediment’ %75 L 72 L4k, 4:T0.04~0.15mg g sediment” O i
TH O, LM S & USRS THEE R ERIEA L O 5k d 72 (Table 4). ILHIZDWTIE, LEE
Mo3iAER (Stl, 2, 3) 22w T, St20 ERTE <, St3D LRTED -2 ANE, FhFhoT<
EHHTIEREORNICL 2B L2 ZREIE SN L o7 Stdd StII2VTIEIKIEN RO AIZZIL
ATk X CHL, FRICFRAZTIE St4T7.86%. St.5TS5.54% L5727z (Table 5).

Table 3. Mean size of each part of Z. marina individuals of the 5 populations. Measured part is shown in Fig. 4
and were measured for 20-35 plants which were sampled by a grid-sampling method in a prescribed
protocol in Tohoku Regional Fisheries Research Institute(2005). Asterisks indicate significant difference
(p<0.01) among populations detected by oneway-ANOVA

Length of flowering Length of a Diameter ofa  Length of vegetative Maximum width of
St. No. s ; v 2 s v e

shoot (cm) internode (cm) internode (mm) shoot (cm) leaves (mm)
St.1 1294 = 12.8 1.92 £ 0.53 3.8 £0.7 108.9 + 284 73 x 12
St.2 96.4 = 154 1.79 £ 0.60 3.6 £ 0.6 75.8 £ 19.8 6.4 = 1.2
St.3 72595 1.47 £ 0.57 34 05 500 = 11.6 5.3+ 1.0
St.4 144.0 = 23.0 1.69 £ 0.58 4.7 £ 0.8 137.0 £ 31.0 9.8 + 14
S5 65.8 + 12.7 1.23 = 0.38 3.1 £0.5 60.6 = 18.3 54 £09

Table 4. Amount of acid volatile sulphide (AVS) in
sediment of 5 Zostera beds. Sediment were

sampled at upper-limit, the Points of S, M, L Table 5. Ignition loss (IL; %) in the sediment of the 5
and lower-limit of Zostera distribution in the Zostera beds. Sampling points at each bed
transect (see Fig. 4). Unit: mg g-1 dry sediment are the same as ones in Table 4
St. No. Upper L. S M D  LowerlL. St. No. UpperL. S M D  LowerL.
St.1 0.12 0.11  0.08 0.07 0.08 St.1 1.37 1.28 135 1.30 1.27
St.2 0.26 0.05 005 0.08 0.06 St.2 3.08 1.88 1.64 205 1.56
St.3 - 0.14 015 0.07 0.10 St.3 0.52 221 207 200 2.51
St.4 0.11 009 007 0.13 0.07 St.4 2.48 1.53 2,10 3.74 7.86

St.5 0.09 009 004 0.07 0.04 St.5 2.23 229 252 329 5.54
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Fig. 9. Frequency in number of st branching (left) and total number of vegetative shoots
(right) originated from a main rhizome (with 10 internodes, see Fig. 2) of Zostera
marina individuals sampled by a grid-sampling in this study.

T ERHNOR A IZ oW T IEM AR T L ERSA LSOO, TAabb, Stl, St2B LT
St4TiE, WML FALRIIEL T TETORBERGAFIREIMIECEETA, HEOERTPANETH 5
[Zxk L, St3, St5OT7 v EHNTIERE - i TIZIZT0~80% % /. [H—MAkNIZE VTR, S,
St2TZ NN LR & TR M TSR 2 ZRIBO 6N Do 2012 L, St3TIR LRTL
F - HML XX, 70 St4, SLSTIE FIRTHME - RORGAHINT 2% L, KEORL LIRYLEN
TRE EWAH LI (Fig.10).
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Fig. 10. Grain-size composition of the sediment of 5 Zostera beds in this study.
Sediments were sampled at S, M, D points (see Fig. 4), a upper (U.L.)
-and lower limit (L.L.) of Zostera distribution on a transect.

Z =

WS R PP IRIEIE I SN A 7T~ B A NERFEORBORETH Y, T /o0 (H HKETF T 7
G AR EREOMEE L CEFOMESAFEMR ST Y70 Lo L, 19604F LU (2 #7514 il 4214 T23,000ha
Thol-TTEHE, FORIVGEDT ) THME L. TOHEMNE LT, #7 - T L 2EREN MR
A, EWEOEALRCESNTOMS | % EOBIEORELHIFLN T D (WK ARE ST
1967 © BPGHEX AR EEBIZERT, 1974) .

AN AR M L 2N BT, 19604EIC BT TR EHOBANHE N TLRLE Lo iR TH
Do 1K ESEEIOAINMIZ 72 5 E LRI E (B - AW~ R BT ~500) 1219604 LI I 7 =
EMHL AT LTz Lt L, e NLHERLIZE D, IO 7 < EH1T19604F I ITITELI
e L2 (PR ETF AT GIESE, 1967). AWM TH 2 Sl (HE M) o7 <€, LG
B oA MREIC—EOMHM TRET 2IEOT Y EHTH D,

%72, StAORET A IO O FETIE, 19665 12 IZMIFE IS & KHP R IZiho Tl L 7
TEHAHEEL TV LA L, 197THERF I SEECESINRO 7 v BHEEMICbA kL TE) (¥
WX K RERF IR, 1974), F-WHEREO 7 < €55 1980 I KB OBRIZ & b 4 ) A2 X
gL,

7 AN e L, AT AR HE O BB O 196040 7 = EHOEIZ LN/ NS E SN TVS (W
HEAETF A CEIREE, 1967). St20d 2 KEA AL, St30d 2 BRI, SLSOFRME TR, wi
NHASMMAELZEHL SO CTIER I T T OFEAEALE ST D (F 74 il XK 98
1974), L2 L, HEEOREAMAEEF IZLIIE TASORBBETL FOHAEICT < EHOTR - #i
ANHSEATEE VD o BRI TIX 19904 i 14 12 9206 S AL /- 55 4 [ B ARSI 2 A5 AR 12 BV Thit40ha
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DT < ERHTREESN, FHREO SIOMBET2HTFriliTO Ry IS8R T 4 - T2 VEERED
Wik & 1) 255 6ha D7 < EHAHEAE L7 (BREUT A RER - WIS AED ARE > 7 —, 1994). LA L
FH Iz BV TIRI990ER B LIRE, AFRBSCL2MEICL ) 7 EHIZE A CTHREL (RO - 3K,
2005), AHEED SL3IOT Y EHE, BAAERMO—BHIZEFLTw250Th b,

ZOEIC, KRBT AMERO T vERE, TRAEFNEBEOEREIRLLLO0, WINLELOT
T EHHEGR - AL T AR T LS AOERIZE W RFFIREL, #FshtabntEz6nhb,

AN BWT, TYERORBILHRRRFLBEOFEIIBWTEELRELMHEATLNTED
(HFH S, 2010), TN F TLEM, 2 SO 2EREROREs 2SN TEL OKET - =)/ 74—
F 4L21, 2007). 7= EOMBEMBERIZ SV TIIAREBET L7 L9 12 BEFOSZIHE~ORED
VB AH5, SRIOMAIZLED, HEEMLEEICBW T EAEFEICEFT L TCwE 7 EDOMTEHE
PRRLNEZENRHLN -T2,

LA, RAELZHERTE7 T EOTRKREIZKREZBOA Do TIYEFMOTREY o Sl d T
ZERELTEFEREAHITONS (EHBS, 2002 #iF5, 2005), [HEBER$O ST THRAE
Im b iEd oo Bl LAHREREICRONS L2, W ASEOS WIEEIE T K O 8 A
DS, FID  EBEO StATIZKEIM T TT Y EXGALTHB Y, SLIO T HRAE Ao LBH
TILHHTE 2\,

StID T 2 EHMNTIHERE 7 A HOMHMAE SN2, FHMTR7vETFTRULEOHBIKIZB VT HIRK
30cm ##k 2 A T A HEOHNAR SN TwA (Uchimura e al.,2004) . F - AREICEARECE o712
25, St2ZBVTHLFEEECT v EDOTIRUEIZ 7270 /) 23 Lo &4 AR HEEERIA I IZHE LTV D
OFFHEEN TV D, INSHHEIHOARIG S L Q38 - SIc L, FlmIcEdE T 7 v EONE
PHF2OOFEEIRE CGERTZTL (BAS, 2006). 3 NENEREICHD SLL, St2TIE, =
DL ) RHFEEORM L BETOHEABEI D23, TYEOTRIZAKPOXEESE-ALTFWENDL LD L
HOAKIEIZHIR SN TwWE LB s,

=77, INOHDEHEOHERIATR 54 St3, St4, StSTIITIIZ4-6m ThHo72e 7TEDTRO KA
EBBLAMEMOIS24% L ENTwD ([[H:, 1982). HEONOOADF— ¥ ThodizH, KA T
R L 72K OWE R E A, S FL T L AT CE 2wt EROMAR TR 7 v EO THIZIZIZHE RS
IhiEshTwatEbh s,

GAARRUIMNZ S, AWE TR 4 ACRERE L EOMFEIZIE, WA CHNE R 2R H o7, T4
DB, SLIR St4D T ¥ BT FEAK E OARRE T A% £, —TF St3R° SLSD T < B TR EAT
TABIOEENEET HE0 DD o7 SO LS BT EOEEMEEOE L, ABETS LV I3E0 -
NOBBER L EREFRO T < BHASIILT 2 S ORI 2 B2 L Tw b b O LB s h b,

SO HEELCEFRMTRLONS 7w EOEENEEOHE I, g TIHEShTwS, KM
AFEM PO/ NERE T, B S BRI CRBICET T2 7T EOBEEORP 22T L
PR - TEOMNAA LN TS (Ao, 1980), THHO T ERMTIRETIZOHESARLN, BEOT
Y EROETTRATH L2—F, EHOT7T 3 ERHORTITWKEOB I TH o /2o KT OFEEHL O
Wid, ORISR S AL SIEERICIEE L, RIEECEOREOETICAET T AT v EIIRE (NET S
— 5T, BEOKEVHHEOEKITIEEMEEN bt {, FEPNEETL LI RESR IS TV
(Orth, 1977)c FWAEIZBWTL, FERFLBED - RO TI/NHMB ZHU L -7 w205 L &
BB OAER LNz, Lavl, KEE, WS L SRS OMAERO K TR S 721 Th { B R
OREVRTFLELIE, FAMERBOBFRIZREEVAASNEVI Ehs, HEMNOTvED
A XD B OFRIEME O THIT 5 2 EIARETEOFEOATIIHE LV,

=7, REER - BRSO T7TTEIIDOWTS, EOREE NS TOAE LTI oM A LS
HWWAR LN, FUE LB THREROEERHE, b L3 - THHFROIFEOBA AL TVDS
(6, 2009, SOk ) RAEHFRMOKEOE N EZ N ENOHFTOHEKGE & BEREICMHET L2 Ehb,
37 v EOETENIEEOECIERBIRS T 2 MIEH TH L LERINA TV L, T4bE, KAORS
DN SOEBETIE— ISR S S L 2lKREIATKE WA, Fo L) aliiciia 7 v HEI MO
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BAEAETHI EICE D EEMICHERF S TwE L) (BES, 2009).

LA OMAN TDH B EEERN T, FEMEECTIHF) OMAER L, $FI28h 64122 THIIZ L
CHEMASBT 72k & O TR OBHEZTT 2 2 LSy BHS, 2005). MRO T2 EH~OE
EAME SN TV EAEO S, FATFHEORIZMT 2 St.5Tid, BRI il LaRIC L 25
BOFEELOBHRE R EE DA AIC K E WL D EHER SN D, St3E StSIZBIT A HhE - MiFbx thl b Lizilik
FEDEWEE L, WIREENC L 2EERFHEICZHTVAILERLTVAS, 2OL ) REMTIEATE
BB L, BRCEITCIREE LT, Mamch T2 RESELILIIL), DEMCEERHRFL Y
LU EED B D,

RO T E BT B4 HII 2T b A THEEE 2 AR S, Stl, St3B L UTSLS TR
Bl uv—HTSt2E St4TE L OGN R S, BATEO Y I ¥ VT Halophila ovalis T, HA{EH*
WABHEPRE LD S, FAHR Y 2 T OFREFZ T EF (dugong trail) TilSELSHAR LA TY
% (Nakaoka and Aioi, 1999). KMFEIZEWVTL, StlZ2WTEHAO L H IZHERM L2748, 7
St3& SLSTRFGVHREEED, FRENOHHT THRARAHANIILLVWERE 2> TV LIRENLLH S
A, GRS L D HREMII T v ORI CEETH ). SHTOEREFNHTALEN DD,

BiItHOKEFIC L 5 [EWEHE CRE L7 7 v el T M Eds] i, Kho#thzr &t
AAEZENZ7TEOTTENRE SN, A 204754 FAETEOBI 6 7 < oS AR oM m
B AbAs S s Az, FofEE, RAMLOIEE L 22 F@ERO T 7 4 X Fst i F11320294TH D,
74 (0.180) % 2 X+ (0.083) & B0 LW - BITAEMBEICH~KEDP o7 KET - <) /74—
F 421, 2007), F7o, WHEEISEWERBTLIZ LA COSHERENTEDA LD SN, KO SL2 (K
k) L Se3 (BLES) Mo Fstfitii20.080°C, fiino s 4 B S Hoi L AN A9 (2885 2 im0 il A
LM s OKERF - <Y/ 74—F 421, 2007) %5 2 77O TIXEROHEA R S M
B A T &4 4 Fstflil30.05LATF CThH 2 Z 25, HEBNOTTETL—EOMLITRI > TwE LD
LEZOLNS,

REREECRHEF 29T 2 1EE7EIC8TLHEEAFMTREBENTILAALDOLNTVS
(B5%%5, 2012), BB ERBBETE, DREOEBIZLD 7T YTOEF BB L, M4 OMERE
DUNE L A r— LTSN TEAZETIMEL T D, L2 T, AEEMTALNLBENTLO 2
TIZOWTHERIZRENRET L LD, ZO5EAE U8B LY 5F 272 LTl - Bk Lo B0
AN RO E 2w THIRESLETH A S T2, SHEL N ETEMIHED SR, Minnydn
12T L OhH L VIIBRETWEIZ L AL OPAHTH LA, TONESRNIIN T2 BICETHL L5
W, pkeE sk, EFRMOROBEEIC oV TIZ L DIEICHEETRELESL I,

APMAEEAERLSATOASTAENECAT T, EFREOT v EOHEEMIZH N, BTk b £/
TIEIRAICA S (S, 2009), AHFECE SN FHEART SLITI20g DWm #E, fio#EkT
135 5812160-190g DWm™*Tdh - 72, MR EMOHEHEEOBIFW - AEICH T 20Elr L Ea - L
Duarte and Chiscano (1999) O#EIZ Lk 2 L, NS HEIZ X 2RO 7 < EOFEHN L KB FE 0T
19130 1 #5298.4g DWm™, HFi149.7¢ DWm T 0. ARWAIZBT 2 15 BB 2 FH 0B
FhCH<B LRV Lhv, T EBHFEICBVWTL 7T EOFMNMN 2 KBTI L) KEE
4% (Nakaoka and Aioi, 2001) A%, duiffi - ¥FAHE TldHh L #2217 T250-550g DWm™ (K £S5, 1985),
b - HAHCIRRAK1014g DWm? (jik, 1982), 45 Tldih 17217 T678g DWm™ GEE S, 2000),
ATl M B EE345.7¢ DWm?, #F#092.7g DWm™ (FI#E5, 2004) &, FhATEIEE L NHEHICLEL T
LAFAHIZ BT BRI SV, ESHICHPNEEIZBW T, SRRSO/ NTE TS B -
W% & h528.8g DWm OB Ao TWS (S, 2009). —J7, A St4LEHEOWHHE
Tid, 19804 fLFIEHIZ182g DWm™ & AMO B L FSofiafshTtuwsd (JlHS, 1990) 4%, Stl®
[ AR B TR GL TE, 19994 #0121 5kg WWm? (B2 it 58 T210g DWm HEEE) . 20004F(2136.1
kg WWm™ ([[1870g DWm #H) Aty shTwd GElRS, 2002). Lid-> T, BFOZEL@E LD
B, HHROEZ T TR CRBENLELIOWTHIEBT 2 LENH L7259 .

HKIEEMAEERT 2 7 EHOEHIZOVTIE, EC IR OB S 65T WA WA, S
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Ecological traits and their diversities of five Zostera marina populations in and
around Hiroshima Bay, the Seto Inland Sea, Japan
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Abstract Ecological traits of five Zostera marina populations in and around Hiroshima Bay were
investigated in a luxuriant season of 2004. Study sites were located at the most inner (Ajina; St.1), center
(O-kurokami-jima; St. 2) and near the mouth area (northern coast of Yahiro-jima; St. 3) of Hiroshima Bay,
and at the inner area (Ihono-sho; St. 4) and the outside (Heigun-jima; St.5) of Yanai Bay which is the strait
adjacent to Hiroshima Bay. The distribution depth (C.D.L.) was different among the populations. The lower
depth of Zostera distribution was limited to 1-2 m at St.1 and 2 by algal-mat of Ulva spp. and other
macroalgae, though it was 4-6 m at St. 3-5. Mean biomass was ranged in 120-180g DWm™, but shoot size
and density was different among the populations. Mean density ranged between 88-278 shoots m™, and the
populations at St.3 and 5 exhibited higher densities with smaller shoots especially in shallow stands of the
two population. These stands also exhibited higher proportion of below-ground biomass to total biomass.
On the contrary, populations in inner areas (St. 1 and 4) exhibited lower density with larger shoots. Physical
conditions such as water motion induced by waves were different among the habitats which were shown in
grain size compositions of the sediments, and this could affect the ecological traits of each Z. marina
population.

Key words: biomass, density, local population, seagrass, Zostera marina



