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Seed dispersal supporting areal expansion of meadow
in the seagrass, Zostera marina L.
Shinya HOSOKAWA™**
Masahiro NAKAOKA*™*

Eiichi MIYOSHI*
Tomohiro KUWAE****

Synopsis

The expansion rates of eelgrass (Zostera marina) meadow were more than 10 m year' in Kurihama
Bay and Mikawa Bay. These rates can not be explained by horizontal elongation rate (0.7 m year™) by
clonal growth, which is a growth pattern for spatial expansion in eelgrass. This result suggests that seed
dispersal, which is another growth pattern for the expansion, is more important in meadow expansion in
eelgrass.

Seed dispersal of eelgrass consists of the rafting, which carries seeds through water surface in
long distance by wind-induced current or wind, and the transportation onto sediments. As the former
phase, seeds have been considered to be carried with spathe (a part of inflorescence), rhipidium (a
group of inflorescences), or shoot (a unit including spathes and rhipidia) in previous studies, but no
study demonstrated which components dominantly float and carry seeds. Our field measurements in
Kurihama Bay demonstrated that spathe is the main component carrying seeds and that it floated in
immature state and sank in mature state. The number of seeds in spathe was also detected as a factor
causing spathe sinking. We also measured the produced and remained number of seeds in patches. By
comparison between the both numbers, between 1/2 and 1/3 of the produced seeds remained in patches
in germination season (next January) in Kurihama Bay. These results imply that dominant mechanism
of seed dispersal was the bed load transport of seeds which dropped onto the sediment in the vicinity of
reproductive shoots
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shoots DY > T )V EFEL, —D—DDLhitkE 1) Z—
N TICANT, KOS (B EZ 5 cm, Y
BXZ3s) IC 10sHELE FEOBIKRER) %, 45
Fib S IiTE Uiz RiZz 187z, ERRRIC DWWz £ £ ORI,
FHEED S TTHED ol MiEZBEME L, %5
ERFLT. TNESTANTORICDONT, TEEThAASR
L. &, REBIUHFOBZFHELE. AABRICH
WIiig/KROKR ERME ZIHEKERHC KO lE Lz,
o) FETOEIRE

HERTTRRERIC BV T 10 m OXEZ 3 KERD, 15
EMoTwdarvR—xr b (B, #MOEEHE, L5k
ZEREL LTz, FBOESKREAFEFRICBW T, Zh5ic
EBENDROBAEFNE L. BoxA 7%, HrdLL
BRFEZZATVBED, (EFOEOD, MEEVnED (i
iRt U <IERRSESD), Icnlile.

(3) frOITEE

a) AES NI M T ROHEE
RRESNETREZHET 2720, Eiibkd 720 DR
Ty )VETEZ (1), mEDIZD DRT VY v )i

TRER Q) Ik THiELE.

KT > v )UFET-E shoot!' = ( REH+FE T4 ) shoot”
+ JEBF spathes £ shoot' X (924 +FE 144 ) spathe’’
+ JEHF rhipidia 4% shoot”’ X spathes rhipidium" X (55
B+HE 740 spathe (1)

AT VYY)V & m? =
AT ¥ ¥ )UREF& shoot' X reproductive shoot m*(2)

AFEMR DB EE IS DWW T, 2010 4E 3 AICA BRSO
BEAETE L, ZIUCERBREICHT 2 45ikk0 B & %

10% 5 15% EREL T (AYV IRALKMICAEET S
7 X ET 2004 FIZ 15.2%, 2006 I 10.6%) FEL 3
T L TRDT.

b) 73w FHIHC I5UF % FE 1O i
RO FOE &S 2 7 < ERD/ Sy FH (T
REDHN D HEHICEE LTI 5 LFyvv
(HBHEEDZEMTT X EDOHMNERTE RV I
BT, MBEEBXUHETHREZIEL]Z. NyTFHE
FrvTDZNZTNIBNT, TUXLIC 12 fZET,
FEZEMATY Y (EX235cm, @13 cm, [k 305.5
cm®) ZHVTERZ L, Z0% 1| mm HOfh
T, BRCHEo e L REDK R L. T2,
i (FEFONR) DMK -> TWaEHAEEHL, i
FricHWIz, T i, &R, AREOYER 12H
K TRICEFL TR ED LRI LIz (38RO,

(€Y
10

No. spathes with flower (spathes shoot™*)
No. spathes with seed (spathes shoot™)

(b)
100

without anything —

80

60
with seed or fruit—

40

Percentages of spathe (%)

20

with flower
L

100

in rhipidium —
80
60
40

single spathe —~

20

Percentages of spathe (%)

June

May July

X -3.1 DXL TDE. () EHEkNAE T BEOHE
KUOH 2G93 O n=20), (b) ABiZ#E+ 10 m
XHEICF B > TWOIfD X A T OFAEHEE (n=3), (0)
TANTORDH L, HADEEG, FEEARELTIFEELT
WzEE, FHERICEENTVIZEE (n=3), Z/RT.
II—/3—1F SD #/R7.
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2010 £ 1 HIZ SCUBA IC K> THro =,

(4) Heatwar

AhEkkdD 72 O DIEDOREE & Fi 772 & A TEREE O A 21k
%, ANOVA with TukeyHSD Tt L /z.

EFEE NI BRI D 72 D ORI K OO E AR
ZAND T2, FE+ T ORME S K CROES R +
Z DOIREE D A D 72 %2 ANOVA with TukeyHSD C fi#
Wiliz., &z, B0 OO T2 EA
RO AMZ(LZIRR S 728, FKIC, ANOVA with
TukeyHSD Tfi##fr L 7z.

TFERARBAE R, TRTORM, Mrreask, M)
EAABRIC K > TIRTE LIRS L T L 2. 2T
NUTBWT, BIR T IR B LTk A TERED R
D77 Wilcoxon EMAMEIC K O fbii Uiz, F7z, 7
HOZENHABR I OWGERFCIIE Ui e Biic B %58
MFABR CHITE L 72ROV T, W ed D EARZED
WKV, RERB IO P8 (fruits & seeds spathe’,
seeds spathe) O 7% 7% Mann-Whitney @ U #i7E T Lk
L7z.

EHNINC BT BT O MEE DA, tHEIC K
DIE LTz,

3.3. #R

(1) FEDTERL & ik

ALERRIZ, 5 AN S 7 HICh i TRBIE Nz, 8
RIci3 < GkoTWwi. {EDEDMIE, 5, 6 AXKD 7
AW ThHREICAE < (K-3.1(@); p<0.001), fE¥D
ORI, 7T HICARICZ o7z (p<0.001). HBFITH
AT B B TR, 6 & 7 ALK, 1ED&EED
BIEEALHREENT, PO L@ ATDLDL

£-31 AHEBICBUZBEITHREICTS EA>Tw
PSR O Y R—3 2 FOWNER. 10m K OfEDO%L
(Average * SD, n=3) Z/RL T\ 5. nd. i&AMH 2 ZEk
LTW3

Date Number of
single spathes rhipidia reproductive shoots
090602 42.3+21.7 2.7£2.1 n.d.
090619 141.0+54.1 2.7£1.5 n.d.
090713 37.0+45.9 7.7¢11.6  nd.
090807 n.d. n.d. n.d.

olz (B-3.1(b).

HWRTTRICHT B ED o TORAEFIFROEY 2 — Lk L
T, Rzt nidah-7 (F-3.1). {15 EN>TH
TR, ZEAEDHEEORE LTS LA T (E
-3.1(c). 8 AT, TNBIXTHEMN- Tz,

15

10

3 -

PO e

Floated ~ Sank Floated Sank 2

Number of spathes per shoot

June July

Floated ~ Sank

July (addition)

3.2 PFEEBROAE R, (a) ABRICHT W2 I X TOFED
TEUEEEEZ (n=20 in June and July, n=10 in July-addition),
b)) ZEHEALTOBREDBRDZE (n=20 in June
and July, n=10 in July-addition), (c) i¥& L7zRiDIHRICD
WCOIFER IR (n=5). aERiiEKk7Z AV T1T > 72 (June,
temp=20.5"C, density=22; July, temp=24.2-24.7°C,
density=21-22; July addition, temp=22.7°C, density=22).
ITT5—N\—ZSDZ/RLTW5. MEICIE, Wilcoxon fiF
SAUMENARE 7= WV Tz (%, p < 0.05; *F, p < 0.01; ***, p <
0.001).

*%

Number of fruits or seeds
(no. seeds spathe™)

Floated
n=6

Sank
n=26

Sank
n=26

Floated
n=6

Number of fruits & seeds Number of seeds

-33 W& L7cHEDNAE S 2RO, =5 —/3—
IZSD &R LTV, MEICIX, Mann-Whitney 0 U #
Ex AW (7, p<0.01).
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£-32 AHEBICBTZ7 X EDEMKICET EN B X OCRHOESKOE L IRBF O (Average & SD, n=20) Z/1~ LT
W5, 8 AICETEMMNELS It o Tz, a5, R, ZIMEOT7REICDWVTOREERL TN S.

Date Spathe Rhipidum

No. spathes (in rhipidia) No. vestiges No. spathes+vestiges ~ No. rhipidia No. vestiges No. rhipidia+vestiges

Kurihama Bay

090511 13.5£6.6 (9.3+6.3) 0.1+0.2 13.5+6.7 2.5£1.5 0.0+0.0 2.5£1.5
090609 22.4+8.3 (16.7£7.8) 2.0+3.2 24.449.2 3.4+1.2 0.4+0.6 3.8+1.1
090707 15.4+5.6 (11.5+5.4) 7.0+4.4 22.4+7.9 3.5+1.6 0.1+£0.3 3.6+1.6
090807 - - - - - -
Mikawa Bay

090608 22.0+£7.4 (17.7£7.0) 0.2+0.5 22.247.5 3.9+1.3 0.0+0.0 3.9+13
090709 12.6+4.0 (9.8+3.9) 6.4+5.3 19.0£5.9 3.8+0.9 0.0+0.0 3.8+0.9

£33 RFvyy)UiTEEZONR. &, £HKE, ZMEO7IEICOVTORRERLTNS.

Date Fruits + seeds Spathes Fruits+seeds Total fruits + seeds
per shoot per rhipidium per spathe per shoot

Kurihama Bay

090511 20.6+25.5 3.8+1.6 8.5+3.0 21.0+£25.7

090609 53.1+40.5 5.4+1.8 5.542.4 74.4+50.6

090707 30.8+18.0 4.9+1.2 3.6+£2.2 57.7+£26.8

Mikawa Bay

090608 46.7+45.3 4.6£1.9 5.9+2.7 47.6+47.0

090709 1.0£1.5 3.8£1.5 1.5+0.7 11.949.1

(2) HEHOEARERDOTFEE LA

M (REETEEZTED) I, FE0DHMUTE
DXOZhoTeh (K-32()), MFEIZALZEOHRIC
DNTHB EEEIRONEN->T (K-3.20b). LhAL,
MEBICBNTE, MBEODANERICZhH T (K
-3.2(c).

7THICH Y TU T, #WoEPICvE LR, 26

100

80— -

60 - —

a0+ .

Contribution rate (%)

May June July June July

Kurihama Bay

34 KTV v VR TEICHRT % 5H0E & AEE o
G, BEITERMSE L TOWERES LU 7O
BOEIE, IROIIIEROR, A LzoEs
HHSHEE LEBOBEEG. &k, K, =imsics
FAERERLTVS.

Mikawa Bay

spathes TH > 7z. TOW, —DEFELEELFFEW
spathe 72> 7z. B COMIIEEABRTIE, 7 DOMIERED
ot FF320RELIEETFZEAREON, 6
spathes W% &, 26 spathes MILATE. T 5 DOFEMNF
CRETEE, WARHOPEEICE 5Tz (B-3.3).

FOHEAKIZ, 6 HIcBW T, 3.3 £ 1.2 rhipidia
shoot! A%\ C 0.1 + 0.3 rhipidia shoot' A%k d*, 7 H
IC BV TI&, 3.2 £ 1.4 rhipidia shoot' A7\ T 0.3 +
0.6 rhipidia shoot' D¥LATE. Fiz, TAY Y SV VT
Dk & BUGHERBIC BV TIHE T 2 RIOE SR
whholk.

(3) FEFOEHE LSy FNANDiT 7=

BB+ 2 ORBENL, 6 HE THIZBWTS5HKDE
HREICE -7z (FR-32,p<0.001, 5 A& 6 HDLLEE ;
p<0.01, 5 & 7 ADLLE). 7 AlcBW T, JEEDH
mu (p<0.001, 7 HIcKd 2 5HE 6 HDEE), BiffF
THROEITTHLDE 6 HD/IWZN 5Tz (p<0.0D).
BOEBERITDOVTIE, HOEEIRE + ZDIEET 5
He 6 AlicaREEAEANRENTD (p<0.05), 6 H& 7
HBENRESNED > T, FOESKROIRNE, IXT
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Patch Gap

K-35 7EHNIMNCBIF BHE O, (a) T,
S, ErOMEOR, b) B8, (o FEof =5—
IN—1E SD Z/R LTV 5. FEEROMEICIE, tHEZ W
7z (**, p<0.01; *** p <0.001).

DIFICBNTIZEEAERM S T2,

RV y VETEIZ, 210056 744 @SN
Tz (R-33). 6 ALREE, JEHFOBE 2N END,
EEOHEGNRKREL o7z (B-34). 7IREDY 2—
R#EREI3 121.6 £ 61.3 shoots m* ThH-7z. ThED
AhlkE 12 5 18 shoots m? EHEEE N, ThbIC
6 HDRT > v )VETFREOEZRETC S &, 893
5 1339 seeds m? DFEFHEFE SN TV EHEEE N

FriE FyylXoe)yF (FROEEIX80.0
+ 49.0 shoots m?) HICEL T v FENTWVz (K
-3.5(@), p<0.001). ZDHEJEIE, 477 seeds m” TH Y,
HBFEINTRT VY VETROBEZ 1/205 1/3T
Hot. FTOH (F-350), p<0.01), EEDH (B
-3.5(c), p<0.01), i€ DWW T EFERRIC/ S FRDITHZ N>
7z

3.4, ER

NBERBICBI 27 EOM T, Yl 1/2h
5 1/3MWZDHFICTE R LTV, Ny FRICBIT 51T
B, ErEfhitg @A) »H 5 AARKBLIZREDE
DTHoT &b, Ny FRICEFLHEFRIEZN
DRl HolzbTHENS. ThbE, 7IEDHE
THAICBOTIE, 7o—X 2 BEMIcEZ{Z5DTWV
5LEZBNS.

MREOITHRBICHT B SN > TOFETIE, FEAEN
MlicEENIRETH- 2. BRI O L, HOER
KK EFO SN FEAAEOIREE L THIEL Tz
EMBREEND. TORDOIFETRAICDOVNTIE,
DRRGUIRRE REDOA LV, & LIEHELLT Y
Keg) eRTFRICHEEL TV, Thig, kel
KX BFNHELETOEOIEEE (11505 1.2, {J8
B) DaAVER—I g VICKBMRTHELEALNS.
—/T, KL, READNRE (REZZIGTLD) T
BFiFE DN Eh otz Thld, b ULERKEREICEKS
THAAKRADRETRIIETNANE, 72— 1h\Ee
LCEL RBAHRMENH S ERRLTVS. BELL
CRETEECHORBERIR % THL (T8RO, £
JRAADIRETHMNYI DB ENTE, ZOREFHHHORR
22NN H D, T2 —A 1 & UTROSREIEKR
ICHERS 2 RN D 5.

AEINETRICOVTIESR» SHEL TS
DD, 72— O Limfjorden I ¥1F 5 7 & (73.1
+ 11.7 seeds shoot', ™) L IZFIFRLCETH . —)
T, KT v)VEREMTROER YD O TIE,
Limfjorden ™75 (8100 seeds m?) AARIEAEL D E 8
LW Y, CHUROEE DAITRER L TV 5.
RT Vv )V, B S U <3 ERAN R
DEV (ZFEEXD & 1 EAEDOHFIVEFKICE(LT 5 E]
anEl, ZLOMFzES) ICE > TRELLHT S
cens ™, AHEEE & Limfjorden TR EZENEL
TTbDEEZLNS.

Ny FNICBT BHFE, BmnS 5 7y ARELTE,
17205 1/3BELEFAL TV, $XTOMETFHZD
BCHE T LTV LTEZDEDIREN Sy FNICH
FoTWhk icikxsd. AREEICHBITHmECET S
BahdfioTwiEnE Do, 10 H 8 HICKRIOHE 18
BNk LIz & h D, if N EE ok (1)
AT AREIC WS o e HElT 2Lk 0E, B
FROH FERRLAE DR IR EIlc K> THTA Ty TX
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N GRFIIOBR), FNhAy FNANOEIETE &
TWIEATHEMED O & HEHIG % 29,

3.5. &

TEOM IE, FHICEENSIREETHUAG X N5 nlEE
HNE. ZTORERAE, BrRERBAEICK-STE
Iy ba—LENTVS EHRAIENS.

NHIEBICBI 27X, FEAENZOHITERL
TV, TOMRKD, BTN HHETFOIZEA LR,
BERZIRES NS 7o —X 21X > THnkEhad T &
M R E Nz

/N =A
4. KEEiEm

B & =B B0 % 7 R EH O fHEdERKIC
WTIE, MiTOEELZOFRYEMECHF LG LTWED
EHERIE Nz,

TREDHFE, FEAENZDOHITFE LTV
EXD, TREGSMKOILKZEET 5 ETIE, T
ELNICE T B K EOM Xz {iEd 5 2 LR
NTH 5 LTI BoN%.

5. HHYIC

AWZE T, 7EORE AN 0t AiE, O
AEICX->TET R R MLz, IabE, M
DRKEADREHAICHIRA IR U TR L & BITHE T IS,
KT 72 FN RN BiE ICHIR SN2 ATREMEN B D, i
OFREMRIEN T X EFRATIE, BHREZOHANE T
U CHHF G O WA IMCF 59 %, i, #ign
EARFE L TR BWNT, 7 EHAEEORHO
W - M OYERHE 2R T 2 2 & hY, FDLOBEEO
i T A 2HEST 5 ETEEE S, HlAE,
HAN s g 2 B9850, MERNZzosJE L
TIERE L L UTRBAICBE NS T Lz g LT
FEZ UL, RIRIIC BEREERE ) 25| & Y 5 AlhE
MENEW. iz, WEDEOIT AR ESTVEED
DHEFELTWAEWGFICB VT, U0 EEE» 5
OGN T E VYRGS IC > T2 TDTH A
. BROMTRERPBEGEEDE >HhITET 2 HNIE,
ISR T HUAIC K > T HAINS AL K3 % ATREED
H5.

FAEPEIC K 2 0 AL K O MRS (3 KR g FLIC LS

NB3EITHO *, ABEB L =ZMEICBI37<E
&, KEEE L LToX¥EZ/RLiz. LM LENS, /W
R OGEIFH FEDEMIC X 2 KEDOWKIEE L b »,
Halodule wrightii D X 9 /N EWEEOHBRIZF v v 772 1
REDIEMIC K > THH B 0. WHED/NHEEL L LT
X, a7<ERY IILENMIEIN, TNSDMER
RezrE2 550, LB AEmHICER LN
BHERVEVI DI TIEAEV. ZTOWHAER, MRECE
IR O BB ORE 21T, TO AN = A LZR
I BT eHNEEL LS.

(2010 4 4 H 26 H=ZA)

HiEE

AWFZE T, BIMRRERE TOMEHI L W - T8
TERIENZE L. FREERK EAERE) 1T,
INHOFRICBNTIRWERE, £/, /15X
TERICBWTE itz izniz, IR (T
HERAEMRARFZE =) LILdERIA R GRMRFRGRFZET, Al
TFHERAMAZEE) 5k, GIS A\DOEAIZ BV TH
BT ED B TEICT RN AVTE W, E5IChf
RABICBO T ARGEERZW W, R K
(o EE R T — LWEE) 12id, BitEEIC B
TTHIWznic, BIRE—IK BEERAMEREE, Wi
N EWEHPIET — LYE) I, FEFiRXORT
VIR DWTHISRERZ W20, FiiND 4
MHIE, ENFHS K UMEREZmE U T, BRA A ED
SDOERZWZIEWE., £z, NERBRESOH A, FIC
HRETTE (P28 8D A5, ARG O F L HICBNT,
W zl2niz, C OB EERT

ARWFZEE, B AT B G Jr R R v 2 R A s
A & DZEEWIIeE: [HEEIC BT 5 B LRI T R
P D 72 3 D FERT1E DO MaT e CEUAMRAT © B TR D
EEICBET 20178 CERL 21 HFE—) BXUWIEHTO
RERIBFZE & TN ERERIC K B C O , U E DRI RE
TEHRELROIER CEK 21 FEE—) O—fe LT
bnie.

BEXH

1) BREIT (1994) i EYEE Gt E (TR, B,
VY OHERE) W2 B, I 4 MR R R R
TR,
Heck Jr, K. L. & Thoman, T. A. (1984) The nursery role

http://www.biodic.go.jp/reports/4-12/r00a.html

of seagrass meadows in the upper and lower reaches of the
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090602,19 50 1.14 4.4+0.3 2.1+0.2
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Mikawa Bay

090608 50 1.17 3.9+0.3 2.0+0.2
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090514 178 - 4.2+0.3 2.440.2
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