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BEEELREL, LROWENICBIT 22N 50 HEEZH LI L. Rk, ZoRte)Fe
DL DTH 5D,

EEERERERRICE L 7Y S 2 Lo 2PNl TIE, TOMAEMUMBEEICS L THEERT—V L
o Twh (S, 2005), HEEANHETIE, ZOKELEOEEENS, 7 EHOEEMAEESR &I
T HAREFLMEDSEH L A SfTbC a7 (B, 1982), 72, HKMWL L DT v EHOERFF D Y,
ZOWL O Z DT 5 —7 (e.g., Morita, 2000 : KRS, 2005) T, 7~YEDRKREEICHET
FEER 2 BRI OWTIL T L D T TRV o ARG, A NEOH TOiRd 7Y ELOHERNE Lo
PIEBEBLOZOENESIIBIT L 7Y EROBROIEGE L TEXRDIHLLDEE L L,

MR EFHE

AEHS KOREERA

AELERL 720, KEERBOGME (8 BRHHTT 0 Stl), &S KBS RIS H1bE
(L BEILH BT © St2), FEBELMORARBE T fiise (LORKBREDREET ; St3), LBE?S
T~ U 2 KEETH 2 MHEORTOFGA M (LRI Std), B L OHIHEINALE
LIRS oM QUETEMIFT ; St5) O5#ArTdh 5 (Fig. 1, Table 1), St4& St5IZDWTiE, i
WX Tl TEICE L Tnd,

7 EOEFWIHI Y S 5200445525 (St.3),27H (St2) B X U280 (St1), F-ETHIA (St4d)
BLU2H (St5) ICHHEZFEM L7z AEEMHIC, TNENOEHO T~ EHOMET, Kk - H5 %
STD &l (AST-1000M, 7 L v 7 &ETFHH) 12X ), FKkF B % s 750 (L1-1400, LI-COR #H#)
W& DB 72,
7Y EDRTRILE CATAROETE

WEEPOOMERY FIC LY, 7Y EOSMAAERNMER SN TS IR O E m 725 o #
IZBWTC, FEEREE S5 L 7/ NG C R TR OMAT 2 0 3Z L2255, RO 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.l 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 Ihono-sho, Yanai, Yamaguchi 29,700 1st July 2004
St.5 Kona, Heigun-jima, Yamaguchi 5,700 2nd July 2004

HENBEEDEDS T~ EDOSAEI #HEE L7z FEFICHMORESZ DGPS (AG124, T~V ¥ 7vit)
TReER L 726

ZNZENOFAFP T, WO FUSTED S 7 < DR L #N LT b LI S N5 285 2 07
AHRFEAL, SHIEATA (UT, 70y FHE7A LRE#lT2) b LA3ZolEZ2@Es L) 2 Fmimo
AT & 32 L7z AT BIC B Tid, MR CHRERE S N2 T Y ERROEOF I, L% O FIRB
JOTFREZHML, ZhENOMEIC T4 ZHA LK,

FEARRICH T RBEREFVEOMEE, RESSDILE

SCUBA 12L& 1), FRAHIAE LIS CRBICL 2 7 v EHEOEL 2 B L 721, HI# Lo LR, TRO 7 A
M OMREEZ 455 L, LIRS 7/ MEEEEDL4, 1/2, 340K E T50cm Hikz 20T 0% EL, BNO 7T
RERMIESSETHSE L2 ARTIE, UEID3HIZOWT, Zh2NS (Shallow) &, M (Middle)
5, D (Deep) mMEFid %,

MY L7277 Y BHARIZOWT, HREE CREENR & ARROKED LAEGROH A& Z RO 1214, Zhzh
OFFE M & T Y 401 720 BRICB T AR & TR OBEFUL, BRI ICERRICHETE
B O H L WIROISHEAL & A de Lize U104 7204 0, EBE L 355 2 M 130, T2 & RAMTEE L7z,
NS Z60TC T CA8HEMEZME L, Eia kK72,
7Y EDOHENRFEDIBE

S5ODFA M B B 7 < EOREMFEOIR & AT 720 FMEHRO 7 < EHLNIZBWT, 77 v
FH7 A 2l b LCHE (Ralim) 15-18m, A% (BI2PAT) 20m O FIR7 ) v FEEL, 7)) v F
NCHE3M, MM OMEZ EWC T v EHEEZRE L 72, BB, FFEIE, KET [EWMEEEEICEE L7
T YA R AT 2B 5 7 Y EOBEENBITICBWT, 1oOBE, S RBEEIIZL 2
70— R EBRRE L 2o R SN TE RATBOE AR ERATIZE X > & — BLIX K EERTZEAT,
2005) (ZH#EPLL 72,

FREIZDH 725 TE, BHEFOLEICROITWT Y EOEI KB L OZF0TE%, il (internode)
TR SI0EH ICH 20 TR LT, E5IZ D108 500 L T 2 5386k L4
TEZOWTFELEEDIHREL . INHE B LALZL, AERITEICT7 7 A F—FE VI L
THBIF -7z St2, St4, St5IZOWTIX30fHMER, St3lZDW TIEBMMAEZIRE L7247, SLLUIDOWTIET
TEHNIZT AR L, MTEOH YRS LOHET, 20HEOREIZE B F 572,

Fib g o 72 kI oW, Ehitko ek (©), 1HHMOFYE (@), #HMoFHERE (®:2, 5 8
FHOMBOFY), 5L TwAETOREKROH LHEE (@), FHEkOENE LoRKER (G)
ZWEL7 (Fig. 2)o F72, HMKORBEIORR LIRS 5720, BEAKOL08R 2> & 737068 L 725385
(®; —kDEE), E5ICFNSDOHENHELEToREROH (D) 3L (Fig.2).

TR EHADEKERE

AR Lo T ~EY ER, S, M, DA, TRIZBWT, £E2510em 5T TOEL %, HE
dem D T T TIRGRE L 720 ZNENOD T TIREWIZOWT, BRI (AVS), mEuE (L)
BIORELZHEL 72 AVSIZOWTIEMAIE L (ANFo7 v 7 SHBME, No.20lH, # A7 v 74h)
2 & o T, F A REG R 1DV TR S 4 72 IR R & 550 "CORFIMIME L CHlllE L 720 RLEEICDWTCUE,
20~30g DIEEHF 2 55 VIR E D BEIZA T, Wentworth DRIEIX 5 (A, 1971) IZ L7225, L&
(4000um<), #IL ¥ (2000~4000um), HAl#s (1000~2000um), HlEP (500~1000um), 1% (250~500um),



HHEM - ARRC - AH B - RBHE - kS i KRR
74 AL - AROWDZ -9 B - OISR - SFRAVE

Flowering shoot Vegetative shoot
, Vegetative shoot

S

¢ © *mean of 274,

5t and 8
o— Root internodes
«> @ * mean of 10 internodes

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. O: 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; ®: number of first
branches’ from main rhizome; : number of all vegetative shoots originated
from one main rhizome.

MRS (125~250um), MAMIEY (63~125um), & (<63um) O &9 1ZX45 L7z,

RETHIARTE

HEFRRERC RO &R, REROERLH T 2OHBORE SET7 v EOLENEEIZ OV T, 5HFTD
P CHEHMEDOZEII OV THRETIIMIEZ T o720 N— b Ly FOREIZ LY 7— ¥ OZ5FMEAREE S
N72HE13/XT 2 M) v 7 e — e E O3 AT (One-way ANOVA) %, S5 EATER S 741
DOWTIRZ VAT IV — 7+ 1) AKE (Kruskal-Wallis test) % 58 L 72,

w xR

BREHICH T D7 EHOHE

57 HT OB B 7 < EHIEKEO~6m (C.D.L. 2, DUTFE) OIS, ZOFi4
Lo REmilEIE25~150m #ETH - 72 (Fig. 3, 4).

St1D 7 ¥ B, (EEHATERL S IR &Yy o N TRE R o B ZERAT 3 % 1R300m FEEE o B Kk
ORI ISR S ILCWv7z (Fig. 3)o AR LIZB 1 2 7 < EBH O M I ONEIZH50m T, Z DKiE
FE0~1m TH Y, 7T EHNOMKARIIHERL P TH -7 (Fig.4)o 7 TDOFIIH 2 HEE1380% TH -
7es, TRESBMNIIFEEO 7 4 FHOHERE (Fig. 5A) A¥K10cm DOJE & TR b7z,

St2o 7~ EH; (Fig. 5B) &, Hdtizo BBV ORIES00m FEE O AL STz (Fig. 3).
TYEDERT LKETIZ0O~2m TH Y, WHE LB S 7 O EMIEIZE25m ¥, IR0 Y
1360% Td -7 (Fig. 4).

St3D 7 < EHL, BILREORT 7 SACBEHEE L 2 H RSO B MIliC & 2 /8 S 20RO FIH IR &
Wiz (Fig. 3)o 7 ¥ EHOKENIZ0~4m, HIE O FEMIEEH80m Th -7 (Fig. 4). 7 EDF
B 2 BERE IZOKIE2m £ T60%, ZMLLETA0%, TRRAFIETIZ20%Tdh Y, 7~ EDHA TR 5 HEILE
HELE 7o T,

St4n 7~ EY; (Fig. 5C) 1, AiHICENRE* LT HAEO R IZIAHFAIZL 2 > Tz (Fig. 3)s 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 (&) is a center for grid-sampling of Z. marina individuals for a DNA
analysis.

X EDGAIKGEEO~4m, W BT 2 I 150m, BEIE50~T70% CTdh - 72 (Fig. 4).

St5D 7 ~EH; (Fig. 5D) 1, HijICHEE X ZELALENIBHT 72/ S W ATLIZIER S i T/ (Fig. 3).
ANLOIEIZZ AL RO ANHADO L FCTERENZLFETHY), 7TYELOLRMEIZL X EBMRLE -
RIEETH o720 7V EDHATKGEIZO~6m, FIRILHI80m, SFIMABEIE50~70%CTH Y, 7T
ORI AT IR O K & R 22BN/ (Fig. 4) .

Table 212 & M2 31T 2 A H oK, M5, AKFGBIINS & 0 B U 72K O BRE A 7R3 &Pt
E QKIS SO0 d - 72A, FKEKIMTIBBH121~22T TH - 720 SLLIZDOWTITIEGIEE A
e SN, PRAKOWMAIRIE SN, F72, MR & B IEREICMET % St1é St4T4% M2 2
AR I B S 7,

HREHICE T IEBELRER

TN BIT 5 7 < EREEE CRIERE X OO G5 % Fig. 612, 7240k (Fig. 5E) OF&
% Fig. T2 L 72,

PR ISR CHI 2 A 57z (Fig6)o 72 St335 X U8 SthIZB W Tid, MEEIEEAT (S
B T, FEIT (M, DA THIR IR NEI A S - 720 St.3E SLEDOFIgHREE I F 21278, 249
BRm?TdH o 7255, mOKEOE S HTIFE L (Fh2n424, 368Fkm?), M &, D ATV $200
BemZEi 2 Tdh o 720 PIMREEIL, St3% St5T278, 249 m?Tdh - 72 (Fig. 6)o — 4, JLEBERED
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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
St.4 0-4 20.6-21.8 31.8-324 0.46
St.5 0-4 19.8-20.8 32.9-33.0 0.33

St.2TlE, 3EDOMRBEE DFIPH & F-1513226~2443 L 002358 m? TH 1), KIEIZ L B3EVIIAHRETH - 72,
EBITEBIICME T 5 Stl, St4lcBIT S, KEOELDS, M, DEOKREEOH L T, Zhe
196~130% L UF111kk m? 68~100% & 088Kk m? TH -7z (Fig. 6),

HGEROEIE (Fig.7) (2w TIE, AMM CHEEZ2EIELT L RO SNk o 7z, I, St1T
14.1%, St3TIL1%TH 7275 MOREHLTIIVTNEE5~6XRETH > 72, StdL StETIIKEDRL
BI3MMOERMIIRA R &, #PAIXZN2N23~11.8%, 25~91%Tdh Y, HEFHI LEFHBROEE M
B3 2@ d - 72 (Fig. 7).

Fig. 8lcZNZNOMEMIZB T 5, TYEOM LR, T (Fig. 5F) B XL OHRHBffE, 3=
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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.
1; 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 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.

flowering shoots (%)

Frequency of

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 (see Fig. 4). Bar of T is a
mean of all quadrats.
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BIF 2 B - N OLEEZ IR 2,

FHREMIZ B D KEORL 3T OM EFBRFEROHP (B L OFH) 1, Stl: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?™Td » 7 St.3, Std, StETIIKEIL L Y MR E 2RSS
N7z7%, EOKETHAEN L VAL, FALMICE Y RZ > Tz (Fig. 8). AL < HFHBA RO
(B L USFH) 13, Stl:22.0-24.3(23.4)g DWm?, St.2 : 28.4-49.8(40.6)g DWm? St.3: 29.4-111.4(59.6)g
DWm? St4:12.6-32.9(20.4)g DWm? St5:23.9-40.4 (34.6)g DWm?>TdH - 720 JKEE TIREIIED St.3
2BV, SLISIZHE LIFFICE VIl TR BIFE2BIEE S, FRIZEPT (SH) THFETh -7 (Fig. 8).

2 R TR R A bR R B R (B L UYE) 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?,
St.5 : 121.4-210.7 (163.9) g DWm? T » 72, St3%IZ L ®, St4, St5THKEM THRIHERDEIIRE o
72h%, PR T St1% BV T B E042160-190 g DWm?TdH - 7= (Fig. 8)o

MHAAEIZEHD 2 FEE T EOEEIIBWTH, 3%*1&?3’6‘%&?&%‘/%“& %ﬁ(u”:o St4TIEIKGED
7% 53T BT DM T ERO IO (B X OF3) A%, 10.1-14.6 (12.9) % L ABOFIAMIZ IR L TR Eh o7z,
—77, St3Ti%, 233-363 (309) %, LIFWIZKEL, HFICS ,ﬁfﬁ@mfkéﬁoto RS StEIC BV T D,
S HOH FEERIZZ33% L KE o 72A% D ATIFILI% TH Y, KiEIZLBEIKREDP -7 (Fig.8).
RIAEWICHT 27T EOH B

T LG - REROERE, KEHROERE BTEOIHEOES, B X UOZOREIIETAHRE U
BIENHDH Y, T NOTALOFIGMI b KR 7% A 7= (One-way ANOVA, p<0.01) A3 & & 54172 (Table 3)

Above-ground biomass [_] : veget tative shoots, [ : flowering shoots

200 .
R _ | Ly st3 |64 |sts
2, _ | |
&100
Ennallp g0
ST ' IMI DT 8 DT s M » T MDD
120 I:llizlnulw--grcmulnu.l biomass [0 : rhyzomes,  lll : roots
r4
} &1 {st2 ] || St.3 std {st.5
- 80 : ! ] |
l
|ﬁ-| L E 4 o
w 40 | ||| . at i
In | D i l 1 u | m i U ” —_—
e mom )M || ol m @180 0l
4 M D T MoDT ] DT & M D T Mmon
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, . 3007 Gt.1 - | || st.3 | {5t4 | St.5
3 200, ' ; ]
& a “ i ) |]| _ L
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s "M DT noT s: "M DT VI §
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ol M EEEn || W O R
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5§ M D T s WD $ M D T 8% M D T S MTDTT

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.
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JLEENOIAET (Stl, St2, St3) Tk, BHEMSLBOOMEMANL)IFE, TIEDEDOHMOY
A XS L 7 ) BARDSINEAL S 2 A AT A S 1Lz [AFRIS, MIHBE RISV St & BAL O StEIZDWT ),
BHEAIO StAD T < EIZEDOFHMOT A XHKE L, BIVBIEFO S5O 7 < EIZLEMI/NLTH - 72,
Bl L THRBEROEEZ DT L L, REBBEEO SL10OFIH4EA108.9cm TH A DIZxf L, ELIHO St.3
T1350.0cm TH Y, [ L < St4d137.0cm 2% L, St.5TIE60.6cm &/NEITH > 72 (Table 3),

Fig. QIZHREE L7z 0lkk & & B3R ) L 72108 o TR O N2 088k (—katk), B & CRGHEIZA
U7 R R ORI DBE 2 7~ L7zo flifkd 72 ) O—RGEH, REHROBRIE b ERHEMOFHMEO M A
F72# (Kruskal-Wallis test; p<0.01) 7254 & o 57z,

— WA OHIE, S, St.3, St5IZ DWW TIFFEILE-1.7TH O, 108 ORI —E & 44 LT e WEE
DASNT2. —T7, St2, StADTHOSBEIZI NS L) KE L, B2 SLAD DD E— FIZ3TH Y,
BN L CO BRI S h o 7os 53k S 4 U7 R EBMROBEIZ OV T d, St1, St.3, St5iZowTik
PHLE-1IRTH D, St2& St4TIE, FNENIIK, 38K TH o7z, KREMBIOMESAIZBNTD,
St.1, St3, St5D 7 VENLED L < IE2BRICHMHLEFHFODIIRIL, St2L StATIE L )L ORERE
BB ML, BT O IR TH o 720 SL2 TR TIINE, StA4TIZE U < bk Seaetk
4 U7 iR A S 7z (Fig. 9)o
TR EHBADKERE

FRAEIO 7 <O LR, S, M, D i, TRCHRELZKEOBEEERILWIERE (AVS) %
Table 412, #EEE (IL) % Table 512, R #% Fig. 101278 §

AVS I22W T, St.20> FFRT0.26mg g sediment™ % 7% L 7z LAk, 4:7C0.04~0.15mg g sediment™ o i
ThY, HEWH S L ORE S CHK 2 EMIZA L DS Nh o7 (Table 4)o ILEICDOWTIE, JhEE
WOIFAHM (St1, 2, 3) 122V TIE, St20 ERTE <, St3D ERTED » 2LAMHEL, Zh2ho T~
EHNTIEIKIFEDENIS X BB 22 BII A SN A o7z Stdk StEIZD W TIIKIENSTRVIRESIZE IL
fEDKE ML, 452 TFBRAETIE St4T7.86%, St.5T5.54% & Eh - 72 (Table5),

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

St No. Length of ﬂowiring _ Length of a L Diameter of a** Length of vege*t*ative Maximum widt*rl of
shoot (cm) internode (cm) internode (mm) shoot (cm) leaves (mm)
Stl 129.4 = 12.8 1.92 = 0.53 38 +0.7 108.9 = 284 73 +12
St.2 96.4 = 15.4 1.79 = 0.60 3.6 £0.6 75.8 = 19.8 6.4 =12
St.3 725 =95 1.47 = 0.57 34 05 50.0 = 11.6 53 =10
St.4 144.0 = 23.0 1.69 = 0.58 47 08 137.0 = 31.0 98 + 14
St.5 65.8 = 12.7 1.23 = 0.38 31+05 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.1l 0.12 0.11 0.08 0.07 0.08 St.l 1.37 128 135 130 1.27
St.2 0.26 0.05 005 0.08 0.06 St.2 3.08 188 164 2.05 1.56
St.3 - 014 015 0.07 0.10 St.3 0.52 221 207 2.00 2.51
St.4 0.11 0.09 0.07 0.13 0.07 St4 2.48 153 210 3.74 7.86

St.5 0.09 0.09 0.04 0.07 0.04 St.5 2.23 229 252 3.29 5.54
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Fig. 9. Frequency in number of 1st 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.

TR EGNOR MBSO W TIERAME CHRE 228 A LD LNz, §4bE, Stl, St2B XU
StATIE, ML FELSRICESL T TETORZEXSAIIIHY W E TN, HEO TGP RHEKETH LD
WZRFL, St.3, S5 7 < EWNTIIHAY - MEs TIXIZT0~80% % L7z [M—FAHPIIZ BT, Stl,
St.2TENZI EIRA & TR R TR EER B IR 2 2 B FRO SN hr o 72D ‘ﬁL, St3TIZ EBRTL
* ML F OGS, F7-St4, SLETIL FEETHMES - ROXGHWINT 575 L, KEORLR HHRE S
TREGECHEAR SN (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 =

FE R ICIER SN A 7 v B ILEANERRORBORMTH Y, Fom »OKERF HIK
THMRFEEOMS L LT EOERESENFBREN Tz, L L, 19604F LA (2 i 7T 4 i 43 74 T23,000ha
THolT7vERIE, TORIED T ) THIRL7zo TOERE LT, A - FHIZ L 2 EEW2TELIC
Mz, EHEOELLESN TORT | &% EOMEOHELH TSN T WD (NHEXKEMFEHTE TR,
1967 ; FEPEMFEIX K FERFZEHT, 1974),

KA ER L 72K BB, 1960F 12812 7Y EROBASETMNETLROE Lo 2l Th
%o ILBERETORINEC D72 2 |5 BRVEERR R (Bl - HHWH~)R 1 ~51) 121319604 LARiTic 7~
EBDPILL AL T ze L L, & AR LD, [0 7 < B8 131960812 1d 1T IT5EEI
HI L7z (WEXOREEMZEFT G IR, 1967). A TH 5 Stl (HFAWHHEM) o7 ~EHiE, KEE
B ORI —EDHE THRAET 2 REDT Y EHTH S,

F72, StADRLET B INLIEMIFTH O T, 19664 IZMIIHE R L BH LB ICIN > TRELR T
NELPHFEL Tz LA L, 1971FEFICIEEFERBINREO 7Y EHIILHIC b D HELLTEY (H
VEEIX K BEWFZET, 1974), F 7-WIHERIEO 7~ T8 L 1980F A DB ORI L & 74 I Ao &
DL,

— 5, AN HiE U, ARFRAS RS O BB D 1960FE R D 7 ~ EHOZENI LI/ NS W ENnTw b (N
XK FERFZEATEIEES, 1967), St200dH 2 KEMEILE, St3nd 2 EMEILE, StEOFEETIE, Wi
N A A L -80S &0 CLOTUERIC 7 Y BRSO LR SN T2 (F 1 iE XK B RFZET,
1974), Lo L, SEEORNEZMAMZEFHIZI L, IR5DBIEETY ZOHRKRICT Y ELHOFER - fi
INBHEA 72 &9 o BACE AL 7 CLE19904E Hi 2 12 F 0 S L7245 4 [ H AR BRBE A 4 JLAE IR 4512 B V> CEl40ha
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DT TEWDRERSN, RGO SLIDOMEST 2H Tl TH Ry FI TR THY - 74 VEHERED
Bk &0 s 6ha D7~ EGOAL L7z GREIT HAAMRER - RGN ER AR Y > 4 —, 1994), L2 L,
[Fl 12 35 TUE19904F A - LU, AR IS X 2\EUCL ) 7~ BB Hm A ICTER L (HO - Bk,
2005), A#HEO St3O T v EHE, BAERBO—HIIEZFL TWL 5D THD,

CDOEHIC, RERICBT LAEMO T EHIZ, TNEIVREOERIIBELRLD00, WINRLEEOT
TEEDFGLE - R LTV BRE TS AR X ) BFIICEBEL, SN TE b0 EL SN,

WP BN, 7Y EHORBILINRREE LIBEOFAICB W CEELPE LM EMFT SN TEBD
(FH 5, 2010), 2N F TLRIH, B % SO 4 2SN OBl R SN TE72 OKET - <) ) 75—
F 2521, 2007). 7 EDQHIHEFEIIZ OV CIIARRE T Ol 7z X 5 B EH O BRI EEENORLE A
VHEL 72575, SHOFAIZLY, EEUZEECB VLTS RIRWEEICET L TWb 7T~ EDOR TEENE
MBROENDLZEPHL NI R -T2,

Al A LA TIE T Y EO TRKIRICKE REWAEH o 72, TYEGMO TIRE Jeod 505 b HE
HERELTETHERESH TSNS (FEES, 2002 Si55, 2005). Ik BEELEO St1TIE T BRKED
m & D& 5720 B L 22 BUREBUC RO NS & 512, IR ASE O S\ B ELEL Tl ik o % A %
BIZ B DS, 7 U EEERO StATIEKEAM £ TT Y EDSM L THEY, St1D F KGR AKH OB
TP TE R\,

St1D 7 < BN TR 7 & EHOMIEA K S 7z28, FHTIE7 v E TRUEDHBEIZB W TLRA
30cm Z#iz 2 7 A VHOMRELSR 5T 5 (Uchimuraetal.2004) . F 72 AR IZBISETE o7
M, St2ICBWTLFEMICT7TYEDTRLUEIZ 7 70 ) 213 Lo b 35/ MEEHEAREIHEE L0 5
DOPFEIN TV D, TNSHHEEO KRS L XS - I XY, RAWICESTT 27 v EOME
LTS OFEEIIRNE CEELZIT L (AL, 2006), HiE2NBMEREICH S St1, St2TiE, 2
D& B EEHEOM LR TOWRENRI Y 2T, TYEOTFRIIAKPTONRE,LS TS ND LD D
EOWIKBICHIREN T B LB s,

—77, TN DOWEEOHERENRL SN St.3, Std, St5TIE FRIZ4-6m TH o720 TYED FROLE
E BB L RERD18-24% & SNTwb (M, 1982), AEHUHDAD T =% Th bz, KFHET
B L 22K O RS ST L LB CE 2 wa, ERofELTId 7 v DT RIZIZIZFELEIC
IVPEENTHDLEEDND,

DATKELIMNZ D, KA TEROY A ZCHEE R EORFEICIE, A TR ERLN D - 72, T4
HhH, St1R StAD T < EIEREEHK E VARREEIATG A7 { —T7 St3%° St 7 ~ EH TIZNFIZEAT
TN D BRI T DD D 5720 D LD % 7 < EDAERERIEEDE L, PIERE S 5\ IZED - B
NOBILE &\, ZNENO T X ERDNI T LT ORI B E L L T b b0 LR b,

COX) BB LEFTBE TRLND 7Y EOERBNFEOMEIL, MEHR CHmE SN T D, KIN
KRR ERO/INHATE L, B/ BRI CRBRICAEET T 2 7 Y EOREDMD R AT L7z
R - EFEOWMAASN TS (Aioi, 1980) 25O 7 Y ELM TIHKEICOMHERR SN, BROT
YEHBOREIZRETH L —T, BHOT Y ERBOEEIZHKREOFHNPE TH - 720 EE O M O
WiE, FOHICEF SN A FEERICEEL, HEECECREOEEIAETT ATV ERIREIEET S
—JC, REOREWHEOEE TIERBEI DN T, BEIVNLT 2 L) #EH R S Twb
(Orth, 1977)c RHMAEIZB VT, BRILE B - 4T OMAER CE/NHMEBICEB L2 7~ 0% & 4
HREOBWHEALNZ, LAL, KBE, WE L L EERROREOE IS 721 Tk { IRATRE
OREVKTFHELI L, FAFEMMOBFREICREZEVEALNENI L6, AEHBHOT v ED
FA ZDBENFELZREHOREIRREOENTHAT S Z L IIRFHEORKRDOATIZHE L v,

—J, ROREE - HEBOI 7 TEIIOWTY, BOMNEEMETOAET L CRE R ORD R AERED =
BOWDHALI, UL L o TRBEROSRREE, ML - i FHHGEROIEDENEALNTND
(EHS, 2009)0 2D &) RAEBFHOEEOENIZNENOLFTOHKTRE & FHRICHESTLZ L5,
a7 < E DL OE ISR SN 2SR TH b EEBEINTWL, Thabb, KEORSE
D/NE VBB TIE— RIS IR 7 LI K DMK EI S K E WA, 20 L9 B Tlda 7~ %I O
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WP TET 22 LI XD EEMISHEFRFS N CnD Lwvd (RS, 2009),

SROFAEMTH 55 EBEFATIE, FHxECTILEF ) OFEAER L, FRIBD 541200 THITIZ A
AP 72k & Ol IR OEEZ 21 5 Z L%\ (ERS, 2005), EEO 7 v EHE~DE
ERRE SN TWLRABEO S3, T/ FHMEOILRIAET 5 StETIE, FEITIZIE LR & 248
ML OB LR LA IR E Vb O LM SN D, St.3E SLEIZBIT 2 b - Mifs % i & L2k
JEO@ IR IE, BRI £ B EEH AT TWDL 2 ERR L TWd, 2OL) RYAICidT v &
ARE L, BRICEITCIEHE LT, MMICH T E A2 RESEL 2 L8 ), REMICHEELMRL T»
BLUHEMED D 5 o

AFERRO T 2212 BT 5 5D T O FA R TR 2 ME D L S, St St.33B L U8 St5 Tk
D7 —TSt2L Sta4TEL L OGEAR LNz, Biido ™ I vV Halophila ovalis T, kA
TARBEHRTIT LD S, O Y 2 T OWAE 27251 (dugong trail) TIEFE 4 AT ST
% (Nakaoka and Aioi, 1999). KA IZHBWTH, SLUIODWTIREIRD & ) ICHERE L7227 4438, 72
St.3& StETIEEWAREIEDS, TN ENOWGHT CHRM AR AN A WER & 7> T B W REED S %
A, R KD RBEIRIE T~ EOREHEMIFCEETH Y, SREFOENEMTT L LESDH 5,

Wi OKEFFIZ X 2 [HEWEHEICEE L 72 7 ~ s i e E S| <, ARORENZ &
HAREELITHO T Y ENFRE SN, v A 7 0% 7T 14 M BETEOAN A5 7 ~ € O MU EATER Oz
AL SNz ZORE, HEHGILOFEIE L 7 2 KA ORT 7 4 X Fst flEDFH4130.294TH 1)
77 (0.180) *° 3 X+ F (0.083) &, BLAIOFE LRI B B FMEIZHARK E Ao 72 OKER - <) ) 7 4 —
5221, 2007) 0 F72, WEIYIEWERTHIEE A L OBEREMHEA A LD SNTz. KRED St2 (K
EHE) & st3 (BMRE) Mo Fstfi30.080°C, o) Hhsi 4 (R 12 M LA 1912 S 22 i (R 1 SR T s
BEHIM SN OKFEIT -~V /74 —F 421, 2007) %%, H2 577 OB TIRFEBKOHIEA % S Wk
A T &35 FstEIZ0.05LLFCTH L 2 &hs, IKEENOTYETL —Z0HLITRI > Tw2 10
LEZLNA,

VBB CEET %5 2LEA T v BIZB W T O AN TR & ZBEENSMESA LD LTV D
(B485, 2012), [KEELBEIREE T, HREEOBEICE ) 7~ EDEFERA L, 4 Ok
DINS R A — VTSN TE7-Z e THEL T 5, L7228 T, AEEERCA S LD BB 5D 4
TIDWTIELFICRENRET L L0 L, TOHEAVE L -8 % 5 F 2 72 B O - Bz Lo A1
BB ROT G 25 AREPLETH A ) o £z, SRS N/ ERNEEO SRS, #EER
1ZED b DODH 5 VIIBREETBEEIC L 2 3 O ARWATH 205, ZOREDIEEICH T2 #ICETH L% 5
&, BB & EEs, EAFBEOBROBAEEICOW T L DEEICKRETNEES S,

ARMAEZ LR L7250 TH2LTH AT T, BENEO 7 ~E0ZEENIZH), BHiF=dFEH
TIEEFRKRICZ S (IS, 2009), AR TE SN FOHER T SL1T120g DWmM LR, Mo T
1$3BB112160-190g DWM?>Tdh - 72, MR L MO I OBIGFR - AERICET 2 MAfiE L v — L7z
Duarte and Chiscano (1999) D52k 5 &, TNECEEIZ L 2RO 7 ¥ EDOFH N 2R KBFREOT
913 EE$298.4g DWm?, T #149.7g DWm?Tdh 1, RMEIZ B 215 BEICB T 2 OB R
ZIUCHARZ LD ) A v, F72, HAENCBWTH 7Y EOFH 2R KBIGFREITIIIC L ) KE (L
.4 % (Nakaoka and Aioi, 2001) %%, dbLiffi& - B A& CldHh L#5721) ©250-550g DWm? (/K [, 1985),
HAL - A TR AL1014g DWmM? ([, 1982), #4875 Cldiy E#7217C©678g DWm? (GEZ 5, 2000),
RS Tl b 1 #3345.7g DWm?, H T #392.7g DWm? (FI#E 5, 2004) &, FSEEE 2 BRI LK L ¢
b ARTAHI B BB IE/N S Ve S HITHTNMEICB VT, BB O/NT B TR B3 -
W EE% A 1528.8g DWmM*OHAFENIESNT WD (BRIES, 2009), —77, RO StAL oM R
TlE, 19804EfLHNUHIZ182g DWmM?* L RO BIfF & & S OEIH LT (IS, 1990) 2%, St1o
I B H TR T UL, 19994F #4%H1121.5kg WWm? (#Z B 457 T210g DWm?F2/%), 20004F12136.1
kg WWm? ([[870g DWm?#) A & n<Twa (FH S, 2002), L7zd > T, WEROLHEXH LS
Yity, WEOREE?Z Tl BEEN R ZLIC O WIS 2 LTV H 5725 9 .

KFEAW % BT 5 7 < ERHOHKEIONTIE, FIIZAEMERS O BLS 2 5 5 & 34 2 WA A%
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hofz (B, 1982). FAE, T EWAEOVARREEIC L) MR oY & L CEBRICHEET 5 2 L8
EmIZFHIG S 4L (Shoji et al., 2007), WEMICLZ2HHAEEZRNL7200FEOLGE L TCOMEEZET S 2
EARIEENT: UK, 2009). F 7o, BTG T, BHEEMEOEWDE ARSI
LB AEG 252 SN S22 % o7 (Hori et al., 2009) o AFHALTH 5 IL72 7~ E 3 OB E &R B
B, BXOZRNSICHELHEG T & BbN D WRRE 2 EWEBEEO#E I, TYEHOEN - ¥
ZIEERI AT 2 BRI L ER 52 TV A WEEEDS D 5. 7Y EDOREOLRREIIS L TT v ESLO
EWEROBEREIC D END A SN DODIIEF ICHRECIIRRETH D, 7~ ELHAERKEIZDMR 5
EH- B THAH) EEbND,

I

R FET BI12H720, MBIV 2220 72 REITESERFAE OLNBIR), WEREcEm e X
B, MESER RS (RBIR), MEZHEBRERRME (LB, SRTESER RS (B LR
SE D R E HAINT SR, M A AL (B - ISR ARSI T S08) | SPRRRSER L& (G -
LTI 0 S 17 R A PR S OBIRE OFRRICEH V2 L 5. 72, BT v EHOMEDIRIIZO
TR W2 & F L) st (b EED) () =4OV 7I%ER, EORE 22w THEIR
727 7o N FR G P DX OR REREETT ) | BB AR A Ll Jy W 72 2w 2 =il e — IR (B - kD) —
FHREH), WREROT Y ¥ TV ALl BT B T 7 v = v 7iksiath),
PLgrsen IR, A FIRIC O B H L B 37, AREIL, KETZRRL [EWEHIEICEE L 727 ~ ek
JSHART B SE T A3 | CPI16~184E ) D —Br & L CEMB S E L 720 BIRE OB ICHALH L BV 57
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Ecological traits and their diversities of five Zostera marina populations in and
around Hiroshima Bay, the Seto Inland Sea, Japan

Goro Yoshida”, Terumi Tanimoto®, Satoshi Aida®, Atsushi Kajita®,
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® National Research Institute of Fisheries Science, Fisheries Research Agency,
Yokohama, Kanagawa 236-0004, Japan
" National Research Institute of Fisheries Engineering, Fisheries Research Agency,
Kamisu, Ibaraki 314-0408, Japan

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 (lhono-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.
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