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Community and Morphological Characteristics of Zostera marina, and
their Diversity along the Ehime Prefectural Coast, Shikoku Is., Japan
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Atsushi KajiTA’, Hiroshi MizuTANI’, Shigeyuki OMOTO®, Kenji SAITOH’,
Masakazu Horr', Masami HAMAGUCHI', and Toshinobu TERAWAKI'

Abstract : Community and morphological characteristics of Zostera marina were surveyed
at 6 survey stations along the Ehime Prefectural coast in the season of luxuriant growth.
The stations were located in different sea areas with different climatological and ocean-
ographical conditions, that is, St.1 (Ohmi-shima Is.), St.2 (Asanami) and St. 3 (Gogo-jima
Is) in Aki-nada (central Seto Inland Sea), St. 4 (Mitsukue) in Ivo-nada (western Seto
Inland Sea), and St.5 (Yoshida), St.6 (Miura) in the Uwa Sea.

The characteristics were quite different among the stations and among the different
depths in each station, and mean shoot densities and biomass ranged 68- 869 shoots m™
and 69.7-171.8 gDW m™ respectively among the stations. In general, Z marina commu-
nities were constituted by larger shoots in size with lower densities in the stations of
Aki-nada, and by smaller shoots with higher densities in the stations of Iyo-nada and the
Uwa Sea. Especially, shoot density in St.6 was quite higher which is 869 shoots m* in
mean (and 1,185 shoots m™ in the densest place). The below-ground parts of the Z
marina communities in Iyo-nada and the Uwa Sea were more developed than those in
Aki-nada, which was shown in their ratio of below-ground biomass to total biomass. The
variation in morphological and community characteristics observed here was considered
to reflect the phenotypic plasticity of Z marina expressed under various physical condi-
tions of the habitats, as well as genetic vanations among local populations.

Keywords : biomass, Ehime Prefecture, morphology, Seto Inland Sea, shoot density, Uwa
Sea, Zostera marina
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HEEBAERY O T ~ € Zostera marina Linnaeus
BERT 27 <5, RiEROEYAE - YE
BREXATERY, HEQERZNOREEZREZL
TWd, —fINC 7 = EHIEHEERCH TKIESE
<, WIREHDWERDILDDIERCERENS (5F
i & 2005) . X 9 2B AT S TOFEH T
L0, WHETIXNEHOBEBICE L R->TE
{OT=EEPKONTE 2, TE, RREOR
BHRECHOWTHESMARBELSEEY, T~EH
OROAREFIEEEORIEZ HAYE LT, #£#T
MEHESTRAGREZHELFRIC LD 7T ~E5HH
EIEEIBIERIL L TWD OKE, =V /2 74—
Z 421 2007).

T 'O NAW LA T, JTHEL TR A
SERI L 72 R OBAECH T AT DM T 5 O A
— AT 505, Ml CERILL =Mk 2 W 5
BELVHD, LrL, TvERRLS YT SHED
WA WA T DRI, MEAYIC Z kR A Hh kAR
EEL I EPITEOHEIZE VLT DD
»% (Reush et al. 2000 : EFH56 2005 ; B4
2012), L7ehioT, HUsMOBME L b2 o B
HENLEEIRELE £ L 28, ZhbofEhick
PRA L Tz HUSA R D b D A H 5.

ZOXOREROL L, ERI6ED S 3ERM 4
WS RV CBCIE U 72 7~ B v R i B R A
¥ DAETICELVERSH, BAERREOT~
TOMBBAISMAOBUR &, HkEEREICBIT5HE
EZEREOIRREBHA SN, FEEIZBVT,
FH O TETITHENEBEET O T ~EH T, W@E
TR DI OD T < TEHEREFER TS L L b
1, WATL THFTO 7 = OB RIS DR
B EOAENSEZREL, Fhoicabhb
HUIZARME OB 2R Tz, ARG, KRBT L
ZOREDWEE (FES 2013) 25| 26X, B4EE
MECBITS EitoRERREE2LVELDIELD

—

ChH b,
TR VXU N S B KE  (TnifE) R
bl <

RIS TEWEEREZAL, ThiZh->T

WEEEBREE b K & <E(b+ 5. P NlEP RO
BT AKEED <, LRlAT S 22 Wi oD i
DR D DIZH L, SHAEE TIATEO L
TeRIRO Y 7 ARMEIEE < . AKIRIZOWTH
PR RSO 5BE8 TIILAFICI0CCU T E TR T
THOITHL, BT 8% KGEDOR™
TS CREICHER SN D (FH 2004). Z o
R VAL ER D S T E IS T T AR O AR & L
72 TR RO AEWFE b IR D & B~ &
RELEERTS (FEHSL 2011),

ZOXIRBEOEILE L bl 5 W OFEH
THEONET~EB L7~ EHICET 5881,
EFROFEDOHWTH S 7~ ORI LMD
RO Z72 53, FRENOSFT OBRERAE IS
ClefReERE2#H U5 ETHEELLS, £75,
ITFEHERBIL O KRB O L RE R~ D )&
EhTEY, BHWNRRAISI > TcfichEe=4
Vo rZ7alzy FBEBEBR-TNS (e g, #
H5 2011 ; sFME 2011 ; fhi, #0 2011). 3=
2, FEARORERGEIGEE PO L LT,
T CICRBREEEEIC L B Mg oI EE A ek -
R (BEBET) BERKL-2HD (e.g, FMH
2005 ; A S 2007 5 BEE D 2010). T L5
BORPT, {07 <5 0RmE RS OBk
ICOWTEHEMARTER LR T Z L1, S%ETHT
Hlz=n D RAEEROT(LENBITR LML,
Z O REARIACEY) 22 S O 72 1 b EFEH
HHEEZD,

MHEAHE

BEBFRELUVUTIEDSHIEE

EL, BBRSARTHAZBORES (8 - 8§
BERK=RET) (St.1), Biudio®iER (1A - b5
i) (St.2), Bl oBFEEFREOMEL (St.3),
AR AET=4L (I8 - #PRT) O/ME (St. 4),
FRBTOEMEETARE (17 - EFEME) oLk
(St.5), FRMEH=HmEoEHE (St.6) TEHML
7z (Fig. 1, Table 1), IREIZ O HRRERSIE
BERE GREET HARER, MEREA#EDAEE

Table 1. Lacations of the survey stations and date of survey in this study

St. No. Location

Surveyed Zostera Dista oF Sty

area (ha)
St.1 Munakata, Oh—mishima Is., Imabari City N 34 11.900, E 132 56.654 25.72 11th Jul. 2005
St.2 Asanami, Matsuyama City N 34 00.617, E 132 47.708 2.68 12th Jul. 2005
St.3 Funakoshi, Gogo—jima Is., Matsuyama City N 33 53.338, E 132 40.616 9.01 13th Jul. 2005
St4 Koburi, Mitsukue, lkata Town N 33 27.100, E 132 15.289 0.45 14th Jul. 2005
St.5 Sakishin—hama, Shiroura, Yosida Town N 33 18.550, E 132 31.617 3.50 23th May 2006
St.6 Toyoura, Miura—nishi, Uwajima City N 33 10.133, E 132 29.600 0.46 24th May 2006
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Fig. 1. Locations of the six survey stations of Zostera marina population in this study.

v — 1994) oEmE sz LAuE, St.1, St2,
St. 3iTWFNlEDZe=HE I, St 4iTFE - FTEkIC,
St. 58 L UStL. 6iFEHAGEIZIEL TWD (HH
5 2010). EBi%skiE O BEIRA ZEE AT E
EIERD T, AREIZHOVTHSE 5B L USL. 60
(L84 5 Wk & F i & R 5.

T OB 2RO, St 1~4TIF2005FE0 7
HIZ, St5, 6TIF20064:0 5 HICREZ{To72. 7
< EDSATICET 5 B ®R (BREET B AR,
B A AR v 7 — 1994 5 Fhg b Tk
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0, TvEOMEAEANCHL S TV SR
HEOREEmMBEEORPIC BT, SIS FISH
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FHICREL, B LoEEKOENLLTEDH
HE 20 L 72 WUAT & [RIRFICARAB OALE ZDGPS
(AG124, RV v 7att) TiggkL, T~EDSM
WAHEE LTz,

Lk ik TRIE & R T~ EH O PLERIS,
FErh H I OB EZZEL, WEEORIRR
Db TvEONMER (7F~EH0RMER) B
FOBMTFIR (R AISESR) 28 EL TINLD
WAl 7 A =&AL, BEIE LT
FIYESFERLHTE, BFE BEFONE

SCUBAIZ LY, &N EICTKREZEBRD
TwEHEOLTLE BEBISL 2%, A LEo L
BB, THROTAMoElEE 455310, ER2ALT
A MEERED1/4, 2/4, 3/ADHETE LT A &
AL, BT, LEZDOIERSVWT, Eh
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FhS (Shallow) £, M (Middle) &, D (Deep)
RLBETS.

S, M, DETEAZFNH0em L 3305k
BL, #FRAOT7T~ET 2 THIALEYEIL, &
k22 TREL L. BRIV LEZTYEIZONT,
BREmE (kL AWROREH LAFEKROFEIE
Zikdi-i%, FREFhOMEHEL GEHLES)
LHE R (MFEERR) CEI0 it BRickT
Dl i & FEOBER I OWTIE, RESAHE
IR IR T & Db B L WAR DI L &
Itp Uiz, ZH6HE60CT C48FRIESEL, Mk
., WFMoEThZThoEREZ RO,

BZHDOT<END 8 ~10EEMEEAITRTY, &%
7TEHDS, M, DETENENG24~308KICD
WT, i EfoeE LEEZREL . BC>nT
FEEROERNE EORkb KEWIER L ER LT
F72, HFED 1M (internode) &7z h DFH
B L EHEREFRHE Lz, EHRCHOWTHE, &
Mo miiivwiEa 6 5 fiok E 2HllE L,
1 Hifsldb7= 0 OEZ xRk, EEEHEEICD
VT, AUKKRESIGEW PG 2HFB LS EF
AofiMoERozZ/EL, FHLIZ.
FREBDEHE - XKBREORAE

AW o7~ EER (Upper limit ; U.
L), S&, MM, DA, FBR (Lower limit; L.L)
IZHRWT, EEH10emD E TOERE %, HiE4
cm®O a7 TIANMEE L, ThEhO a2 TEHE
Mz oW, saEgEHE (Ignition loss) 3 XU
JE A E U T, SRR O W TR X E K
3B 2550°C T 6 RefHREE L TRIE L 7z, KIEEIC
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DNTIL, 20~30g (RER) OEKERE S50
RE 9BITH 1T, Wentworth®BIE X4 (GEAK
1971) L7225 T, ¥ (4000pm<), #iL ¥
(2000~4000zm), RS (1000~2000pm), HHTD
(500~1000zm), RS (250~500pm), #HiRE (125~
250pm), HEHIEY (63~125pum), I (<63pm) @
LHZES LI,

T 7T HOMAICENT, XETEUY—
(LI-192SA Underwater Quantum Sensor, LI-
COR#HY) #m|TFL, MRMEFA2LDL 1 mBE DK
hETEAT—#% v fi— (LI-1400, LI-COR%:
f) ck DIz, KIE 3~ 5micIiT ARt
OFEXHERTREZ D &I, WHAOMHEG 2R
Lz,

HEHARAT

T EORERNE (BREE, HER) BLUW
ERRHE (Fko2E - E 1HBE02Rk - BRE
ODEFEHEBIRSWT, T—7OEFEHIIELCT—
TCECE O U (one-way ANOVA) L < i
Kruskal-Wallis testT, FA#&HiZ &S, M, Dsi
MOZEERREL . RAEMMOZEICOVWTIE, %
NEND 3 E0T—4 %% L, Kruskal-Wallis
testiZZ VRE LTz, 428, AXOEROIETIL,
FAEHEB IR EAThORERD 3 SFOZh
L OAHFER IOV TIFEERE T, LBETEL T
FEZOFRE (BEKESRUT) 0Ll 7,

HEVE R L O REAY S 0 4 T8 B 8 o BREY: % B
LT T D728, St.1~St. 6D 6 /HEHODS, M,
DEDOFNENTEE L 2 SBDOESEEY 7
I (n=18) LL T, ZhLDHEADETOMAS
HHEIZ 2V TPearson DAABY R 2 R 7=,

Fio, XMEREERSIOVEKERELIT > TEBEE
OBHEREICEEBE 52 5TRE L THLTY
% (aH 1982), LEOK HOKECI T D%t
mAARHER S LSRR (IREICRT % <63pmiE
SOXMBEREE) TN TUNRER I UERER
BofgtE L L, Spearman®EAHBEZEEICLY,
IO OBRBEDOMEE & YA - TEREAYRHE DA T H
DOBREHERIL 7z, & S oREmFEHEREICOW
T, &AoC. D LoKEICRILT (St 1~403%
A) BXUFMET (St.5, 6054E) MiBE20FE
O ZNTFN2368 X022 mENZ, FRE
H D FIA R O K OTEEGH L EE ERE L 7.
BE204E DO FHMALIZ DWW TIE, #HEFBERoE
4 —HP (caisi. gsi.go.jp/cmdc/center/annual.
html) LOT—FoHHL 2.
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BRERICETEHTIEDRT

St. 107 <= EHE, WfllE 2 >0, Az
B, B8, KTEO®3205IGERKEN1kmM
FREODATRNICEMR I N TV, AILPIEKE
0~2m (C.D.L. ¥, LIFRL.) BEDORIEL
PRREDPHFETH D, AL/ TIHEHAEIOMEE £
TAMIZELAATW: (Fig.1-3). 7~<EIZA
ILAOMRAIES ICaA L, TR L O 5 AhiKiE
X1 ~4mThy, mL25.7haTh-7z (Table
1), 7=EHRNICITT AHFEOHERE D LBy <
AN, TEOHEITIONEETHY, L
FRS° T RRAHE Tid20% B E IC2MICIET L 7.

St. 207 = EHIX, dLFHCHEm R G iERE O
WiERTEICER S TR Y, ARG LEOT~E
SARHIZ0.5~4.5mTh -7 (Fig.1-3). KEFE1~
3m T EO~80%BRETH D, Fh LY
ERT TR Tl L 7=, BB L7 ~EHom
fiix2.7haTdh -7z (Table 1).

St. 30 7 ~ I ELE B ORI AT (2K
xh, #FENG LEOT~ESAFHEIZ0~5mT
bhote (Fig.1-3). 7TvEDHEITESL, LRE
TIRFHEZ R E80%LL ETH -, UL - imf
139.0 haT®h o7z (Table 1).

St4n 7 =EHIE, LRIFF#EOBIT 2 =05
DEFCH D, FHFEN02 hateED 2 2D/~ F
7o T (Fig. 1, 2). &N _ETE50
mEEEOIEEETAIEN 1225 5mEEE TELL
(Fig.2, 3), 7T~EDO#HEIIR L EVIKER (2~
3miEE) THH%RETH-oTz. TEDLIRIC
IWVKIETI L X IZEE LR 20 ZHbIRE
L, EBRXVEARITRZU SEHOBKICKR->T
Wiz,

St. 507~ ERFIL, FMEIHRE - GATIC
HHEIEBOREE IR I TV (Fig. 1).
T E®EITAEL ~5mOKEFTHY (Fig. 2,
3), LR, FREBEZERE, 80%FREDHKETH -
7o, 4R L —mfit35haTdh -7 (Table 1).

St. 60T~ EHIL, WEHRPEMEICAVHEATL
BRICH Y, I SIfRICEEHEZ2o05
oo AToBRBICEKR S TWe (Fig.1). A
TLiEAb & CARBIZBAV TV B 23EH Dk < 7o o
TkY (Fig.2), H&MImO THIESHTH-
7o T=EBHIIATLEEBOKEO ~ 2 mOFHEICH
v (Fig.2, 3), #EIZ LR - FRAEZBRE70%
BETHoT, TYEHNICE, BRIZEDZLD
B2 AR OEMAEBA L O LT
(Fig.2). mflix046 haT#h 7= (Table 1),
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Fig. 2. Schemes of topography and distribution of Z. marina (shaded area) at the six stations (St.1-5t.
6) surveyed by sonar in this study. The line through each bed (Tr.) indicates the transect set for
the observation and sampling (Z marina and sediment) by SCUBA.

85



ERE - ARG - EWEE - T - B - KT B KA - FIRES - B - jROBE - FWAIE

Fig. 3. Schemes of topography and

: distribution (vertical sections)
2 of Z marina on transects (Tr.
4 in Fig. 2) at the six stations.
Arrows indicated sampling
4 : ;
N ——— Pomts of Z marina and_ sed-
uL 0 20 40 60 80 100120 140 160 180 200 220 iment. S (Shallo_w),_ M (Mnd_d]e)
oy 0 s and D (Deep) indicate points
T 1 1 | BV of quadrat sampling of Z
) 2 L marina, and are located at 25
E. 3 3 VoL %, 50% and 75% of the dis-
0 4 4 v tance between the upper (U.
=M 51 St.5 L.) and the lower (L.L) limit
3 6 — e of Zostera distribution on the
0 20 40 60 80 100 0 20 40 60 80 transect, respectively.
o TuL
; u.':.. S
D
2 0 ML.
3 1
4 27 St.6
57 T T T T T T T 3
0 20 40 60 80 100 120 140 0 20 40 60

Distance (m)

Table 2. Depth (C. D. L. ) of sampling points at each
station. Points U. L. and L. L. indicate upper
and lower limit of Zostera marina on the sur-
vey transect at each station respectively, and
S (shallow), M (middle) and D (deep) indicate
points on the transect of a quarter, half and
third quarter in the distance between U.L. and
L. L., respectively (shown in Fig. 3). The
extinction coefficient of seawater at each sta-
tion is also shown

Point incti
St. No. oin Extlnct.lon
S M D LL coefficient
Sti 13 16 17 20 44 0.30
St.2 0.5 15 29 40 45 0.30

St.3 0.0 20 27 3.1 5.0 0.32
St4 0.5 2.5 3.9 49 50 0.26
St.5 1.2 1.7 2.7 40 49 0.27
St.6 0.0 0.2 04 0.7 12 0.23

HEEHOX - EHRE

A IRE O 7K O 1 BUR $2130.23~0.32 0 i 1
HY, WMENBEOFRIENSLI~3TEIo 7
(Table 2), FEFEIFHEEDS0%IZ 72 5 KT
St.1~3T 2 mHEE, FbHFREOEVSL.6T3
miEETHoTz,

JEE ORIERALARIC (TFAE M TR & RN
bhrz (Fig. 4).

St.1TIR7~ELRPEDAE T, KEHI63um
E DN ZWENB0%TRE 2 5, WHE (63~125
rm) L HbhE 5 L80~90%% b, St.2TikE

86

RASMAE TR 250~5000m) &HiE: (125~
250pm) 3% <, L& @000m<) L% (2000~
4000pm) HIRU o7z, WAIRY & IRIEMA X 9 Al
TIH1I0%LLF T 72783, D, TFIRICZD Likk
ICHEEN U7z, PRMAUIT  FRfRD & RSN 5 o3
St3ITHLEETH 7285, M, DA TOHENIIE
EThot, St.4, 5, 6Tix, 7T<EHAND I I
B TR IR —ThH o7z, St. 4TI,
T EEN T, WM, RICmaT, $rb
HHERE RL>7, St.5, 60T~ EHFNTIE
HED, HBRMADIEDTEZL, BLEDRES T,
JEE 2 EDB% L, EE Ebi- (LI EFig. 4).
EE S OFEY R R R T, o
FEHIT O A (RPTAD OEREPIE EHES K E
72 5HmMH -7 (Table 3). 7<EHANDEK
BOMBERET, BAELLTSL1TL %M EE R
HREL, SL2T20%LUTERL/IEDoT,
DOFERTIXRIE2 ~ 3 %D TH -7 (Table
3
EREMROTIETOHERE —BKREELRER -
EREHOT~EOEHHEE (BLUS, M,
DS O&H) 1F, St.1:68 (51~88) #m™ , St.
2:141 (55~228) #m™ St.3:119 (89~161) #k
m*, St.4:187 (133~248) #m™* , St.5: 244
(171~369) #m™, St.6:869 (529~1185) Fkm™
ERROTREARLZENDHY (Fig.bh), ToOHERT
HANCHEETH o2, £z, RA—0T~EHAN
TOHREREES, M, DEMTAE<EALRY, St.3%
fR<LToMEMTHEEELAL LD LN, St.2
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Fig. 4. Grain-size composition of the sediment of the six Zostera beds in this study. Sediments were
sampled at S, M, D points (see Fig. 3), and the upper (U.L.) and the lower limit (L.L.) of Zostera
distribution on the transect.

1600
Table 3. Ignition loss of the sediment at each & 1400
sampling point at each station. Expla- E 12001
nation for each point is in the legend 2
of Table 2 ¢ 10007
Y]
: T 800 ﬁ
St No Point ]
UL s M D LL 2 600
(7]
St.1 40 43 45 51 = c 400
St.2 0.9 1.0 1.2 1.9 3.0 g 200 I
St.3 1.4 23 2.7 3.2 3.0 A .
St4 2.1 2.1 23 25 34 SMDT SMDT SMDT SMDT SMDT SMDT
St.6 2.7 26 2.6 2.5 3.4 Fig. 5. Mean shoot densities of Z marina at the six

stations. Bars of S, M and D show mean
densities of three 0.25cm® quadrats sampled
at each point (see Fig. 3), and the bar of T
(total) shows the mean density of all three
points at each station.
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Mean frequency of
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Fig. 6. Frequency of flowering-shoots in all shoots
(vegetative and flowering) of Z. marina at the
six stations in the season of luxuriant growth.
Each bar of S, M and D indicates a mean of
three 0.25 m* quadrats sampled at each point
(see Fig. 3), and the bar of T (total) shows the
mean density of all three points at each sta-
fion.

D DS THREED RS &V

, St.4ESL6D X ITHRFOMMA TR bE W
bfu, F72St 10K S DA TR EWESR Y,
TKERIT & b 72 9 B OB ORI XA TH 4
THho7= (Fig. b).

HFEEROEI S IOV T Y, RERIBLIOEN
THhOREROS, M, DERBITRKERERARALH
72, St.1TIES, MA&A THEREKOEIED320%LL E
THDHOITHL, St.2%°, St.4DSHETIE, ARtk
TiZE A EB LN o T2, St 2%k < & H
DX, 6.2~16.7% DA TH -7z (Fig.6).

RHGE (MBS T ofHRHEO¥Y
(BXUS, M, DARORR) 13St.1 :170.4 (137.3~
2115) gD.W.m? St.2:111.3 (41.5~150.0) gD.
W.m?% St.3:171.8 (147.9~188.4) gD. W.m?,
St.4:69.7 (47.6~104.4) gD.W.m> St.5:104.1
92.2~116.00 gD.W.m™ St.6:169.0 87.5~214.5)

&f’St. 50X 5 ICEE

eD. W.m*Th-7= (Fig. 7). ZHBICiTHHA
HEENRD T2, HREEOEAIEE &AM

ThREREORI D XA, & LT,
St. 1 &£ St. 6DMICITESRE E Tidd TR E R

ERND o 2H, YR E TR E
NERIBETH - (Fig. 7).
Mo FERERGFR O (BLUS, M, DAR O

BH) ¢, St.1:144.2 (118.0~177.9) gD. W. m~,
St.2:92.8 (36.4~126.3) gbh. W.m™, St.3:154.1
(128.3~171.1) gD. W.m?* St.4:49.2 (31.0~76.3)
gD. W.m* St.5:80.1 (76.4~83.8) gD. W.m?,
St.6:131.7 (64.6~166.2) gD.W.m*Th-7z (Fig.
8). [FkkiC, HITFMBAFROFY (BLUS, M,

ok
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Fig. 7. Mean total biomass (above and below-ground
parts) of Z marina at the six stations. Bars
of S, M and D show the mean biomass of
three 0.25cm’ quadrats sampled at each point
(see Fig.3), and the bar of T (total) shows the
mean biomass of all three points at each
station.
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Fig. 8. Mean above- and below-ground biomass of Z
marina at the six stations. Bars of S, M and
D show the mean biomass of three 0.25cm®
quadrats sampled at each point (see Fig. 3),
and the bar of T (total) shows the mean bi-
omass of all three points at each station.
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Fig. 9. Mean ratio of below-ground biomass to total
biomass of Z marina at the six stations. Bars
of S, M and D show the mean ratio of three
0.25cm’ quadrats sampled at each point (see
Fig. 3), and the bar of T (total) shows the
mean ratio of all three points at each sta-
tion.

DA ofG6) 1F, St.1:26.2 (19.2~33.6) gD. W.
m? St.2:185 (5.1~34.1) gD. W.m>, S5t.3:
17.8 (16.5~19.6) ¢D. W.m™~, St.4:20.4 (16.6~
28.2) gD.W.m?* St.5:24.0 (15.8~36.0) gD. W.
m? St.6:37.3 (23.0~482) ¢gD.W.m*Th-o7=
(Fig. 8), Hb &, HTHERFR L bICHEMRMT
FELEM SN0, H EEOEEREFERIC
OIS HEHE ORI, HTEHERFRICBY
TR/ ha<latz, HlELTSELL, St.3D2
FES LSt AT, M ERONEEBRGFETS3
HRREOBEWRH - 7205, MTHORFRTITIZ
IFERIZETH -7 (Fig. 8).

B P [ R VR 0 g e 2 G P e S
HUFER O R IZHOWTIE, FEHE &S XY
BAME & e o 7= (Fig. 9), St. 1~St. 3% M Tid,
St. 20SH R ERBBORII~01IBEBETH -
B35, St. 4~St. 604 s TSt 5D #BrE0.2~
0.35DFPFATH 0, HFHER ARSI RK E 2o
7z (Fig.9).

ZRERMO 7 T EDORENSE

T<EOH L (FEE) ok, FEHhiE
TRERERDDY, FOERIHKHMICHEET
#Hotz, St.1OM, St.30DA TiE150ecm &t A
DR ZHHEEL, WAEOEYEET1Im (&
% 12108cm) Zi#kx 7=—H T, St.40FeRE50
cmiEETH-7z (Fig.10), St.1, St.3nH72bH
T, ETOWREHOS~DETTEOERICKE
RERNPED LN, 3 HOTFYLEROERITHE
BICEETH-o T, RAEMICI VR LEENKE
CIBEITRAE-TWEED, SLE6ZELSETOH
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Fig. 10. Mean shoot length and width of Z marina
at the six stations. Bars of S, M and D show
the mean of 24-30 shoots sampled at each
point (see Fig.3), and the bar of T (total)
shows the mean of all shoots of the three
points at each station.

THIZBWTRHDSETT v EDERIVNEVME
maH-7c (Fig. 10),

BRI IZ DWW T H St 1T9.7mm, St.3T
83mmTdHh o745 St.4, St.5, St.6TiE4.5~5.7
mmé&/hEno7 (Fig. 10), FEE I T FR#
THERERAR LD LN, ThEhoiEho
S~DHE DM TY, 7~ EHEADMWICITHERED
Hole, mEoENLERISEOESIZEH
= Tl 2hol,

Hi R D 1 EiR O R &ERFICOVWTD,
AR THEE R ENA LD B, iR
IZOWTIE, RO &R, St.4, St
5, St.6Tftho> 3 FAH & el L K E A>T, —H,
FHREIZOWTIE, St.1, St.2, St.3nFHK
TWEPBH -7 (Fig. 11).

Fig. 12Iz k£ R - l§OHE, BIUHTFX
D 1FMO2E - EROKEER L, #iEo4
£ - WolRIZOWTIE, FERR, 2388
HEHOS~DEOM THAESERL, ThELA
BESRED LN, f/NMISt 2L St 4DSH T
79, KISt 6DSHE TEHIT3TH o7z, #HIT
20 1HE0O2E - EROFEHERIZOVWTIE,
St.1, St.2, St.3T24~3.1, St.4, St.5, St.6T
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Fig. 11. Mean length and diameter of an internode

St.1 St.2 St.3 St.4 St.5 St. 6

Fig. 12. Mean length/width ratio in shoot and length/

(measuring the newest 5 internodes of each
individual rhizome) of rhizomes of Z marina
at the six stations. Bars of S, M and D show
mean of 24-30 individual rhizomes sampled
at each point (see Fig. 3), and the bar of T

diameter ratio of an internode of rhizomes of
Z marina at the six stations. Bars of S, M
and D show means at each point (see Fig. 3),
and the bar of T (total) shows the mean of
all three points at each station.

(total) shows the mean of all rhizomes of the
three points at each station.

Table 4. Correlation matrix (by Pearson product-moment correlation coefficient) among community and
morphological characteristics of Z. marina. * : p<0.05, **:p<001

Community characteristics Morphological characteristics

1 2 3 4 5 6 7 8

Community characteristics

1. Shoot density =

2. Biomass (total) 0.37 -

3. Biomass (above—ground) 025 099 -

4. Biomass (below—ground) *0.75 **0.63 *0.49 -

_5. Below—ground/total 031 -046 *-059 0.33 _
biomass
Morphological characteristics

6. Shoot length -0.39 *0.56 *0.67 -0.19 **-0.85 =

7. Shoot width *_064 034 046 -0.33 *™-0.75 *0.83 -

8. Internode length 036 -0.29 -041 038 ™0.77 *-0.57 *-054 -

9. Internode diameter 071 024 034 -034 ™-0.63 *0.76 **0.98 -0.41 =

90
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Table 5. Correlation matrix (by Spearman rank corre-
lation coefficient) between community/mor-
phological characteristics of Z marina and
environmental factors, which is a mud (<63
m) content of the sediment and relative irra-
diance at the depth of the survey point to sea

surface *:p<0.05, **:p<0.01

Environmental factors

Mud .Relz?tive
irradiance
Community characteristics
1. Shoot density *-0.53 *0.54
2. Biomass (total) 0.38 0.41
3. Biomass (above—ground) 0.47 0.28
4, Biomass (below—ground) -0.07 **0.77
5. Below—ground/total biomass —0.44 0.38
Morphological characteristics
6. Shoot length *0.68 -0.21
7. Shoot width *0.50 -0.36
8. Internode length -0.15 *0.50
9. Internode diameter 0.46 -0.33
50~64L KEhEDNH-oT2 (Fig. 12), HEHM

BLUOENRFNOFEEROS~DAOM TS, et
Mg EENRA LD NI,

% - BENEEROBR

St. 1~St. 60 6 FAEMIC 1TSS, M, DA (GH18
E) TR DEEEEAS Tl LR LTz,
T~ T ORERE (BREEL, B+ / b
LER /B R, BUFRICRT DT ETE)
BIOWENRYE (EEeR, HEE, #SiHk,
HifERR) o0& A MOEEATTH % Table 4iZ=L
s

BB OEAR T, £ (M EEH+H )
BiFw, H BB, #HTHSAFROHEART
EDOFBIN B > 7o, BREE & H T AR O
L IEDFERH - T,
TEREAYEEDIH A TIX, HEELE LG, T
EOEIMERO TN ENOM TIEOHHED & - 72
fih, FiffEIIEASER XOWEEADHBENRH -
e

RER ISR & TERERYSRE O TE B T, BRBEIE,
HARIER X UOERER & ORICEOME LS, R
7 - i EEBFREIEESR L OFICIEDOHE
B, EREHEEICRIT D TTHEEIL, TR
HoOLTHOHEA EOMICE (HiKEK) b LA
O (2R - i #iER) 2d-o7 (Table
4),

RIEEA & B - BENBFEORER

St. 1~St. 6@ 6 #MAEH DS, M, DA (FF18472)
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DFNENOHHEIZ I 1T D xhifgim e ea1a (C.
D. L. KIECZNZNOUHE O ML & 2 TH
H) BLUWRSHRE, B% - HEAREORTEE
& OO TS % Table 5l Lz, e &4
BLo, ®EE (&), EAERBIUE (&
HIZIE) TH Y, shfffiei-fi& &AL z0i,
FRFEEE, WG, ik (L bICE) Tho
7z (Table 5).

x5 =

SEFHEL-EEETO 6 #EHD 7~ E Ok
T, BRI EOFERYE, £idko2RR
e, HTEHMOE ICRER e L oIgErREIC
IFREHE TR ERERDP Do, S HIL, Th
LMD ITE, FA—DT7~EHAORLED
KRR T H MR O EM T SN D AR R ER
Bdbotz, TRHOERIE, ThZhoT7~EH
DAL 5 k- 3 2 AT OBREERE, =6
WIS R — LTI T~EHNICTFEET S5
ARIZHIEL TAELE LD THD EEZ LN, B
BRI 2 7~ ORI LR L T 5.

IDXHICBBERTOT < EEHEEMEICBY
Tb, ERHENEHICBNTHLZEEOE X %
RLTEDS, FR G OICIE—E BRI 2 - Emn
PIEE NSV o Wyl

9, WEEASMECRBW T, @FEAELTOD
HREMTHBERA LI (Table 4). 7720 b,
HEOEWT v EREOREGIL Y, FHT
EbRKVMERADR -T2, LadoT, (bt
AR LT, T~vEORKRDOY A XHH 5 -
HTFEE bz E LTRE LS L < i3/ Ek+
HhDEEZ LN, L, HTX0 1EHMH
D ORSCOVWTHE, 7vEN/NICRDIEE
L 2 5FmBH -1,

FRHEEEICRBV T, B TRYEEbN
B8 (M -+ HUFER) - H B¥ED - H R RO
HEMOIEOHBESMHEN 5 —5T, KEEIX
HERICEDLHEE OF THTHRFR & O
B (E) MH -7 (Table 4),

WIZ, 7~ EORERE & TERERRE L OB
AEETDH, HEBEHNTHIMEE L, HEAR
tETH D HENE - SIEEEOMICADHBERA L
NizZ &b (Table 4), 7~EIXEE L %
TREKTISENICH RS, TR2bb/NHET
HIZEWRBENT, £z, BFRICBITOHT
"L, EEeR B - BiFEZROMICIIAD
DB -T2 &5 (Table 4), FE&IAYICHIT
HASFEE L TR I W TH BRI TH S H



HHEH - AAME - EEER -
mMH -7,

PLEDZ G, BEEOMEE - FEosE
BEEEW—1{E % OBED Y A X ORI IT B BIEAS
bV, BESEBEICRD ET<EIZ/NERLL,
HEFER AR EYIC K E <2 D LV ) —EDFA DS
El‘ﬁén?‘ta

T, ZDX5R7<EORENTTEAIT,
EDLORRBEICHEREZ T TAELTWEDES
9 PEREEIER L 7~ DR & OFEEIRENT T,
TEaR - AR TR E b T~ Ot L
FEBAA3d U (Table 5), BT ROE AT Tidkk
BEREWST v EEEIIARICARY, RBRED
BIUFZRGFT TIEARHI B A L THY FERERfE A
&<, HFRORVWHITEL2ET2 Fido LB
DB DTZRERIR ) X517k d, Lizhio
T, BIERIREDT T L ZTORE OISR
—EDEMAIE, F - EEICAFR SN D BRSO
CEREICEEL TWA I LR ERD,

EREBREOEICE LRI TELZOHED
FEDERIZOWT, EEOHEF M OHER T
BEmEEIN TS, RINPRIBO/NHFE T,
WAL LI TT =TSO EBICELB G

n, BOFLIMNCAET 2 WE O ORE T
NRIDBRPBEE L THTFEHBBEL TWBH0IC
XL, BREROREDHHTOEE TIXAR OB
BAYEHEE TER L, HTFERLAERT NSV (Aioi
1980). [RIERDIGRIL, #FNEDILEE (EHES
2013) %0, S OICFHEILIBHEDNEBO 2 7~ ERH%E
(EHS 2011) BV THEEIATNS,

EERT <~ EOREHICERT L LT,
KERROANME VBT IEE P ICRES N

DRBHEOKEOAEN, EEEREICE
T 5 UK ENAS T ~ £ b EEAIC B A RIFL
TWABREELEBWRLE 6N TWS (M3 1982).

—MENCIZEE P ORSEOHEME L b, %

NUICEHE SN ARYORBTERELEINT 2, F=
P E— BT, WEOEETICHEIEZ{TS &7
VEDEMEDBAKENC AR B L LY, HEE, BHE
e LML ZZ EHE SR TR Y, Ko
TP RREHRRIEICH S Z LSFEB IR T
% (Orth 1977). FFEOEEHFHDOEWIVEORE
T, HIFMERESED ZEBEE D%
WEZNRMIZRINT 2 ETHEISITH D LS &
ByhINTWS (A 1982).

— 5T, EHOBRMKIZEOBICRITHKH)
ELBHEICHEEL, —MAICHRBIO A E WIRET
TREERZEIIREL D (KK 1971). 7<F
LR EOTENT X 0 4L 2 HERARELITE L Tit
Mg THy (M6 1999 ; Z O, &R 2005), H{k

IWFEAE - B8E % - ks i
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KA - KigER - IEf - BN BE - FRFIE

BN THEELICHMICHTREAE< T
DI &, EOKE WHETTHE 2R D |k
THLEEATHD (MH 1982).

HRECONWTIE, SEIOFBITICHWZ18HED
It E TR S, FA0KEOHRICITES T
WHEBAA B o7z (r=-091, p<0.01). —AICiE
*Wm&w&kﬁﬁm CELRENWEEZLND
DT, ‘WEHERH LA ENREL T T
DR L OB b D E NS Z LT B,
L2L, XEOKZWIRETORFBEA L %
KE>TRFELWELEZLNDDT, Sk
RETTOT7 ~EORMEOFRBEEREIZ >V TIL,
SHFMICRFPLETH S,

Wiz, TRENORERD 7~ €5+ H% -
TEREHIFFE OBV HOW BT 2. St.207 <
FEOEEPEHEFNEIVD, HEFPIER IS (St 1,
St.2, St.3) OFfEHO T ~EDHD, (PP
HooSt. 4, FRHEDSL. 5,  St.60 3FEHO T~
ELVLARBEITHLEAMBH -7 (Fig.10), %7z,
FHREDIRE L R EADLE - B0k TI3FEH
RIOBEWIFREB TH - 725, HTFEOHME -
REDKTIX, ARO#ME NP IsEHo 3 R
&, (T - TR RO R A LR R BRI 1T
KnT&/k (Fig.12), #ED IFEHOT~ED
HTFE, MR IR RV E O <,
R NP RE O 3 A O T~ T IT A E
BifE - EREERLI-, LER-T, 8L L
THEF NP RO 7 < EIITEEAMIC KT, F#T
B - TREO T EIXNMTHE LS 2 L
MBHFES.

BETERHEIC BV T, BR% B TSt 625Mb A &
WCHA_TEHLTEL (Fig.b), —FH CREFR
TIIHREETARE CEMRBSt.1, St. 3, St.6TIRE
FEEOEERT (Fig.7) 72¥, HEARETAL
NI EFE NP R, FREET - FhlEE XS
THEMITIRWERE o7z, LL, LHERE
(23T D H T ER bR T I P e T S o S A Hh
X0 T - TR T oMk X <
POFNEFRTEULZ 2L, EEo2 K
alliCkEELHMERLE (Fig. 9).

ZIT, TvEORELEBEICEDLD FRER
DFEROBREICOWT, et & ThFho
T2 EHOSHEENPLEEL TS,

HFRNBETIE7 v EREIRERORBOLMT
HDLH, B4R EREERSLERE GRETH
AR )R, MEEANMRARE & — 1994) 7 &

ICEhiE, TvEHOSMITLEE, HiglE
%ﬁﬁ%,¢%%@ﬁﬁﬁ&&%¢tfwéoz
O O TIXTFEHEKENE <, 2¥ 0Bz X



TR R ICRT D 7 < Tk i L URERHE & € DL HReE

DHERRMEMTH Y, TEOESEIZHE L -/
ROHER L3 Wi E R AIDIROMIFIZEEN T
W2 (EHEH 2010), AREICHSITHS. 1, St.3
DT EFFEOLX S RBTICILHL TRV, St
Lk & <BaA L 7o AR OHUE & £ ORI IFE
TEHE412X Y, F7St 3iTaTmmic LEILF %N
B3 L0 SpHIEEEIZEY, wTRbELW
AR OEE LGN CTWEEZLILS, TDOLH
FeHEIC BT, St 2ixFsbagicdb i = (iR A3
KELHANWTE Y, FHIESEBETLILEFEEZDL
W IRITEY OB A58 < 2T AT TH 5 L HER
ENd, fhoREHRICHREOKEWVWEEZIZZ
NAETRL, FFICEAETOSH TIIERE M T
72 EOT < EREVE OFHEIC T OBRBERE S =
NTWn5,

Tl T35 B g WG 5 TRAL IR < i
HAER T T R R D X, AR @) 45
RO L KE L, HEMIZLRETH D,
WOBRBEFEIC LT, #5 L L Tikafkkic
R END 7T 7 A4 (FEMIZ o A) BEET
HY, FFHEORSEERY HD 1habl ko7 ~*E
BORERV RET R ARER, MEEANE
hAEtE v F— 1994). FTFEOETIZMETD
ERIPESILE T, ZHBO X 9 ITERDO AR
IARDHEREICIR > TERGFET IO T, TORE
T RIGROPEIRN, St.4nkHiT Ny
F BEOCTEHEBERINDIENEHDLO
EEbd, LL, St40T7~EHITHRFED
BbH/hEL, BLWYENBRESRMFCEY 204
EELHIRZZTTWa Lo LB ND., ME
HUE O FREEHED B T b D Bl U 7o 8RR
DY, EIRICERT DL WRRERER T~ E
B OHBERIC 2> TS (@A, &A 2005 ;
A & 2005 ; RS 2006) .

AR OBREAREICBVWTIE, FhiEOT7~E
Y& LTiE, MIFERT (B - RN ER S mE T )
IZBITD 4haiE@FEEN TV HDOHRATHY (B
TSRS, MNP ARE 7 — 1994),
AR DO K & WSE. 5O 7 = 5 b itk & i
Tz, FMmiETIE, EFNBOXSRT~T
BRETEENIBERENELS, BEEICL-
THLEDEEDREZ LSNPS TVWIEELHDID
THbHH, LrL, bibLFiE TRHEEDS
MEESSREDIREALEEED TSI, K
RTwEBRBFEREINICSWHIETHSLLEZD
D, TNTY, WEEFE QA D MATLEEERD
B T LAY R TRVIROHER T 2 AT A
ELTEY, St.5 St.6D X5 ICHEFAMICT~E
LERENAEHLHEIOTHA I,
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ARMEOMEMTIEX, ZhETRTERES
T~ EOHENRKE SRR > TS, BifFk
(W TILFAE ] 0 25 BT ) R AR T db -
7=, H51T, ADRO X 9 IC KBRS TAE
+5St.1 (BLUSL3) &, NEOHKBEmD THE
WETHEEFETHSL 6OELBGFESMITILAEED
LRWT EBRREN, AFETINETHRRTE
72 7 <= EOREDEVIZOWT, [ (1982) 1,
MEERE —E L LGS, (EFREICSLT)
KESOBE D 22 <MED D, HUTHE 2 HHR I 5
EIETUNIOKEL UEDD, LWV oTcED
B OREE L TEZBND], LTV,
T = EOEEE R L BRI IFEEI L (Duarte and
Chiscano 1999), H{FRIIHEEOE24FEH O
LD 5%, ZOXEEHNDOEZEDOBR»L, K
AR TR L 787 & BEE SR & S 5
EHOMFREAHBL TRSD,

AREZXFERM L5 A TFAAL 7 A LRI
T, —MART7~EOERBICHIY, BFE
LEMTIZIERAKIZRS (BFES 2009 . <K
TEHELNEEREERERO T ~EHOFHRTR
i, $70~170g¢ DW m*o@@#E s, #HFAFN
i - LB L Fo RN 0120~180 g DW m*
(FES 2013) L TwWz, LaL, fthis
HoOEEEOBRGR - AEEICHTIEFEE L
t' =—L7zDuarte and Chiscano (1999) ¥+
CEdE, Zh6XBEICLIMRDOT~EDSE
HiRY 7o e KBRTF O 44 13 _E51298.4 ¢ DW m?,
#1497 ¢ DW m*Thh, KFESLEHS
(2013) IC kBN ZHERIZENICHERD &
MR NEW, Fiz, HBEICEWTHTED
ZEIN 7 R KBTI I L) KELSERT S
(Nakaoka and Aioi 2001) 7%, dbifgiE - BfHE
TV B 721 T250~550 ¢ DW m™ OKkE; 1985),
[ U <dbifgiE - BTt #8258 ¢ DW m™
(Hasegawa et al. 2008), #Hdk - FAiH TidfEk
1014g DW m™ ([, 1982), ZEEEEETrih 58
727 T678 g DW m™ GEZES 2000), FEETIX
M F#345.7 ¢ DW m?®, #F#592.7 ¢ DW m*
(BTEE S 2004) DEBRHELNTND, S LIICHEHF
PRIMEIZ 38 T b R o0 /N B T e e i L
B - T A 5401H528.8 ¢ DW m o FEDNS
BoHNTEY (HES 2009, HH6 (2013) B
X OEFE SR & L@l E Wb~ 785 & 5
METOT7T~EOHRGFRIT, ThiclkThhrxk
D/NE W, ZOBTFREOHAE)R{EKRENRED X
HRBERIZE DS ORON, HEEOEWEE O
HEMD EIZBWTHESHHALNICT IHERD
5r#EZ A,



HEE - AAMD - TEPE - (LTI - f2H

SIS T KEITIZ L D THME R ICRLE
L7 < EgEmENRsmAEE <, A#
O E ST AALELTSEO T~ E0ES A,
~vA 7 utT I A NRGFEORETP LT <ED
Huss B ARER OB HMEBRA~ Oz, FORE
B, EFHMLOEEL ZIEHERORT U A X
FstfEd 4130294 TH Y, 7+ (0.180) I X
+7 (0.083) %, BEMokE LIRS EHIC
k& <, Zhs o BRI e~ sl fE {4
ORI M EDI K EWZ SR EnTz UKEEFT,
<) /74— 521 2007). £z, FE—#HEHR
[F—EN & Vo I HIERAIEVWVER T, g
K Z B HMER AR E D LNDHABIZE A
EThoTe,

AMETHERELEBIERTO6 hFTOT~T
BT, HAARDT~EDOHBEASHOPLTH
LM NERREIOT TR L, Ebbhbnd
ET=EDOEFBITIIR L VBE Th 2 T -
FMEO T v ETHTTORMEN BB E MRS
Ehtk, ThETEELTERLL ST, zoKE
A FHOYBEIRBRE L BRI L TWA 2 &
DRI X7, W N & FRiEO RE T
WAL KE<LHEENTRY, £-FZicRiT3
KRB DREER b KES RR-TND,
Lo T, SREIRALNZT v EOREOTERD
FICiE, PEEMREEICHIE L TR LD ATBINE
oA 63, FEAREOBEA 2 ERICGERT S
bOLEAELTWLLEZLZOBRREYUTHAS S,

PO, BEoEEBLZT) (FF
2004), BRETICEHBVERLERSNDY, KEXE
WORRLTAEME O KEL Bigo T, [k
DREIZHDIHPAETIE, 74 TFEE2TUH L
TOAMEAE OB ~ORAE L&V HH,
F7E 2013). L7dsio T, FilFo 7~ 5L
FRNHEED 7= T4 L 3R - AR IC S
5, BBEOTEOERTHIBESEICATE
TLTVERFEOAELEZRATSD (B85 2012
3, THIERE L AFREICEI L 2551172
ERERFETHD L EZLND ., SRIFHEL 725t
6TiX, T T86IEmM 2, RATHIIZL,2008Em 1Tk
VRTE EE IS 2 HALTZ 3, O FHA H Il He -~ B
KEP2 T TR, BBEZBWTINET
WESNIRPTROBVWZER - RAEOKE
BEEQT72Bkm ™ (B S 2004) L[F%, b L <IZAhE
IZ kBl 7z, St 6IXE#ZAKERD 7~ E05AHrE
PRICITE S, T=EIZITEDAEFREICIE U 248540
PHATWAEDOTHAH LEZLND,

bR TE LT, BBERIBEOT T
DT HEOEE, B LU T < EOEOEEASE
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KRE W AR - FEREG - IER - RDEE - SFRAIE

X FOBATIC L VRO TEETH -T2, FL T,
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