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Abstract : The phenology and reproductive effort of Zostera marina L. (Dongdae Bay and Aenggang Bay)
on the southern coast of Korea were investigated from September 2002 to August 2003. The Dongdae
Bay(DB) exhibited a finer sediment grain size with richer organic content than the Aenggang Bay(AB).
Water temperature at DB site ranged from 7.5°C in February to 25.5°C in August, while water temperature
at AB site ranged from 6.7°C in February to 25.2°C in September. Both populations exhibited a perennial
life span, but the sexual reproductive effort was significantly higher at DB than AB. The reproductive
shoots of DB site were developed from February to June 2003, while those of AB site from March to June
2003. At DB site, the frequency of reproductive shoot ranged from 11 to 33%, whereas reproductive shoot
of AB did below 5%. Reproductive structures were larger and more abundant at DB, with the exception of
number of fruits and seeds per spadix. Water temperature seems most important to regulate the timing of
reproductive phase of Z. marina populations for two study sites.
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e At QI ERA Y BN 55 g
23 Aol 7Fsd At AeiAA o] 7 w2
712 A2kAre] 3htolth(den Hartog 1970). S xA= 9
R 9] 24 Aol 2% FUEA} AR Y 3484
o) 9)&}t 2} wold 93] =AdEH(Vermaat ef al. 1995).
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o2 de{A UckShort et al. 2001). tFE] AT
MAEE Ao Az LR BA) s chaA
2418 8 A81A H(Tomlinson 1974), E-wie} f-ge] At
o Agshe 4 AT AALE + MY Ul F
A7} wolstn A E A F AGAE rRE ddA
o] A Megs Role ALoE UdA Urh(Keddy and
Patriquin 1978; Phillips and Backman 1983; Meling-
Lopez and Ibarra-Obando 1999; Santamaria-Gallegos et
al. 2000). ZY= Agte] A3 AdED AAEE £
7 Ao 2850, AL $¢ B35 AWH
o dro) o3 o] AlgHEth(Keddy and Patriquin
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1978; Robertson and Mann 1984; Keddy 1987). WHH,
A= ofdn) el At A53he g Avigd
MAZE &+ T2 AL Bl 2330
(Philtips and Backman 1983; Phillips et al. 1983; Meling-
Lopez and Ibarra-Obando 1999; Santamaria-Gallegos et
al. 2000).

2y, 98 Wt 8 FHE At 23 A
Sk AvjElde thdA 2N A MAS Tl 2A
Z A8, AdReg we GBS veile 23 A
SR F2} oo} A2]A 2] E¥ o] ETHPhillips et
al. 1983). A Ze] A4 58 wPo] R Y&
oM EA yel, A F2d w7 Weld ddAy
T tpdAo g Aol 7Hsd A2 Yebth(Backman
1991; Van Lent and Verschuure 1994). A= g]ee] A4
2 28 AZle Az gt Zolzt vdElue, A=7t
AVSE gAY M e Az ATko] AYRY] 27] &
el 9L v Aog Yelti(Jacobs and Pierson
1981; de Cock 1981; Phillips et al. 1983; McMillan and
Bridges 1983).

A2 ge =t Aol 7P FRE Ax T st
2 AFEE TFS A At 1 =2H B X3t (Lee e
al. 2002; Lee and Lee 2003). 3], galigtolA] Avial®d
o] AAZEE ZNNERE 4 8.0 m7kA| BX3IAL, A}
A, YA AMAe 53 8748 71 O S
oA SHITH(Lee ef al 2002). =3, AT A5
=, A3 gee A4S 840 et 3A Aoyt ve
e Aoz 39l HAch(Lee 2001). vHH] S FH730
uE AvjE)d MRz AEAYSH 54, 44 A
A2 FE dig d7e A FelA AA dh(Lee
2001; Lee et al. 2003).
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Fig. 1. Map showing the study sites in Dongdae Bay and
Aenggang Bay on the southern coast of Korea.
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Fig. 2. Reproductive phases of Zostera marina L.; (A)-(D):
anther and pistil formation, (E)-(F): fruit develop-
ment and (G): seed ripness.

ot BB A8 dIA G A AGFE £
alo] b3 AZAA AFHE FAsAG Y YL
AA AEA ] N A KU} AT HEF
o] v]2 Jeplth(Kaldy and Dunton 2000).
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Fig. 3. Sediment grain size distribution (%, X+S.E., n =
6) and organic matter content (%, X+S.E., n = 6)
of the two habitats of Zostera marina (A: Dongdae
Bay, B: Aenggang Bay).
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Fig. 4. Surface water temperature of the two habitats of
Zostera marina.

B ohFig 3B). §FEY {718 FFS FUHTHS1+
0.5%)°] 3747241 0.1%)20} -2 317 E34THp<0.001).

Sk 37e]l ¥ 48 PR AEA g
& 2Y0V}(Fig. 4), ASA ] I o] Aol veh
Al ¥thp =0.298). TUigte] & 29| 7.5°CE 7t
A ggrom ggol 25.5°CE 718 wokoh v, 7tk
o] $& E¥ & 29(6.7°CyFE 9€(25.2°Cy7HA F718k=
ZA3S RAH(Fig. 4).

Asa=, JEFT 44 59

Al e AI¥AEE FF5H (p<0.001)t A (p<
0.001)°l weh Zkzt Rldt zfolg BT A S
A5 L3 A8 (p<0.001)2}F AlF(p=0.023) wa}
2§ ztol& BTt FuiwolA Anjelde] Ha A8
TE 145 3971 &gk, 794 HA%ES el
ATHFig. 5A). F7dTA Anjzde] B ASUEE |
AEE 4d7A Fristglon, 947HA] Hadte AE
HATHFig. 5A). A73Te] A7t B ASLEs d9 A
A (m?) 306+ 23N A2 T 2441 20/0H| 2 B}
S8t B (Fig 5A), AR Y HF A{/ELES
Eraro] (571 870A m 3] W73+ 3/MA mHR
oF g AL Egith FoivolM A E 20034 2¢9F
H 642714 /1Y 59 2dEAey, AT e F
g Bk 1719 =& 2003 3LRE 68274 4709
B¢ 288k (Fig. 5B). SHTeIA AmEd 449
AsAsE 393 5990 7 =4 Jebgten, A A&
A€} 199} 33%S Z+zF AR A H(Fig. SB). WhAel 47
the] A E 620 Hulden, Al A{LE HE
5%% A8 CHFig. SB).
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Fig. 5. Seasonal changes in shoot density (A), proportion
of flowering shoots (B), aboveground biomass (C),
and proportion of flowering biomass (D) the two
Zostera marina populations.

BT SR (p<0.00)9}t Al (p = 0.035)° whe} f-2l %
ztolE B FUiwe W7k A AR AEFS
1904+128 g DW m22& <7} 3ke] 86.0+6.7g DW
m2rt} oF 2u) AE =}dch(Fig. 5C). Soivre] X%
AEZe 195 sY97HA F7t s, 12 7
STHFig, 5C). Wbl §7iuie] AR AEFE 124
BE 49717 F7sk e, 1199 7 WA vErstct
(Fig. 5C). A&l AA)9] HF YEFL FuHTHB4.8
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3] 7+t thFig SD). SuiTtell A AR o] AEF
AA AEE) & HE AR EIReH, 39de HA A
AE A EEEe] 50%2 7PE SUTHFig. 5D). J7dRiel|A
A o] AETEL 3URE 6W71A] Z71slIs o, 64l
A 13%2] BEF ¥ JePstTHFig. 5D).

QAR o] BAF A4 A

A Q2R Zole ASR(p<0.001)2}t A& (p<
0.001)0l wel zHzk frelgk atelE Bt SRt JiAlE
oA Azl Aajxe] Aol 599 156.4£8.5 cm7HA
st on, ket A FANAM = 590 99.6£5.6 cm
2 HWZ Jeti(Table 1). B2A¢) 35 == A8
of wa} §eldt zol(p<0.00)E BHou, AHp=
0.428)°) w2 Aole YERIA] arsich. SoielA A2
o] W 3 e 70207190, o§7kate] B 8}
2 $E 5710002 Jebgeh AR AT HaE EF
To] = Tkl 251112708 373Tke} 19.1+0.1
7 B} f2l8Al (p<0.001) E9kTH AR AT BEE
9] = A "t 2§ 2o (p<0.00H)E BHeH, 5
ol RIS BHTH(Table 1),

434 2] Lol FuiwtolA 53102 cmE Y7
43+0.1 cm 2o} §-9 317 (p<0.001) A AT 554 9
Aole AR wet {28 Ao (p<0.001)E BReH, &
et M 4900 7HF Ao, G7atA e 599
7} AACKTable 1). E3 §53A 2 g = 4
£ (p<0.001)t A& (p<0.001)0)] w2}t ZHzh R-2l gk Aol
£ 2ok SUivelA S8 7 g&d] = 280 7t
Z mokon Aat zadte] 59 Dol 7 viAl JEbsTh

(Table 1). BHA) 7ol M= 48] 7P when, H
2} 7astd 6doll A o g YERdTtH(Table 1). 5
A W) doje] e A" wE {2 g 2ol (p<0.001)
2 ¥qoy, BSA(p=0.076)% W& Aol YERIA
skt Sintelr &304 W dolje] 5 493 7h
2 wA Jelten, Hap gasie sdgd] 7P Aok
(Table 1). ¥bHo| P7RtoA K8tA W) Euljo] = 3
Azl 71 wken, 684 7FE A Ack(Table 1). 5
A W 249 & A (p=0.463)F AEA(p=0.071)
o wlg}t 2% 2ol RAiTh okl A K43k
ZA+ 5925 H 23s9en, 59 Fol 7P wtth
(Table 1). 37RtlA &3k U] 2= 593 680l &
Halgon, 680 7 Bokth(Table 1).

Figtel A AR 9 At 28 5E sLATA A S
Hog ¥y on, &5+ W /s, St FAke
SAE 5920 25 JEIRTHTable 2). ¥R 2§73l
A sk 39RE 647X A&FH o2 F@HLH, N
3t guist FR1e dAlE s¥€ Foo BF UEsET
(Table 2). A W& 2] QA Sl ¢ 299
A8t 100%E A slgon, dojs Y& 7T7%E
7P Eoktt, whd) Y7datolM e 38 (98%)°l 7Hst Bl&
o] 714 Egten, due 593 6ol E=A JEsch
(Table 2). T A5 A& T 5990 7P =7
zdsigon, /M3 2 Euiet Y &9 v 4%
7%, 64%2} 29%2 UERGTE Wil 7oA = 69l
FA7F 7B A JEREer, ik guiet A2 £
B 242t 18%, 58%2} 24%E YERGTHTable 2). T
3} c§7iere] S8t Ul grie] Yi= 4Hd] Wiy

Table 1. Mean (+S.E.) number and size of the reproductive structures of Zostera marina in Dongdae Bay and Aenggang

Bay.
Shoot Rhiphidia Spathes per  Spadix Pistils per  Fruits per  Seeds per
Date length per shoot shoot length spadix spadix spadix
(cm) (no.) (no.) (cm) (no.) (no.) (no.)
February 18 92.1 (13.0) 7.0(0.6) 10.0(2.0) 4.0(1.0) 14.8(0.4) - -
April 4 117.4(4.0) 7.6(0.4) 21.6(1.5) 6.0(0.3) 14.1(0.3) 16.3(0.4) -
Dongdae April 17 131.2 (4.3) 7.0(0.3) 23.5(1.1) 5.6(0.3) 9.8(0.4) 11.9(0.4) -
Bay May 4 122.1(3.1) 6.7(0.2) 27.9(1.8) 5.2(0.4) 6.5(0.5) 10.7(0.3) 1.000.1)
May 14 156.4(8.5) 6.5(0.3) 27.5(1.0) 5.2(0.2) 5.7(1.4) 7.7(0.4) 4.5(0.5)
May 31 120.7(5.6) 7.0(0.4) 31.8(4.3) 5.1(0.3) 3.9(0.6) 6.7(0.3) 4.1(2.9)
March 18 93.3(2.3) 6.6(0.9) 19.4(1.2) 3.8(0.2) 10.3(0.4) 18.0(0.4) -
April 4 94.0(3.4) 6.0(0.3) 18.8(1.6) 4.2(0.1) 10.4(0.2) 15.2(0.4) -
Aenggang April 17 82.2(5.6) 5.7(0.2) 15.0(2.3) 4.0(0.1) 12.3(0.2) 12.4(0.2) -
Bay May 4 87.2 (5.6) 4.8(0.1) 14.8(1.4) 4.0(0.2) 9.1(0.3) 10.0(0.4) -
May 14 99.6(5.6) 6.1(0.2) 24.6(2.0) 4.8(0.2) 9.4(0.5) 9.5(0.3) 1.0(0.2)
June 14 82.1(2.0) 5.4(0.2) 22.8(1.5) 4.0(0.1) 5.5(1.1) 7.5(0.3) 2.6(2.1)
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Table 2. The percent of reproductive stage were calcu-
lated on the basis of spathe development.

Pistils per Fruits per Seeds per

Date spadix spadix spadix

(%) (%) (%)

February 18  100.0 0.0 0.0

April 4 922 7.8 0.0

Dongdae  April 17 61.3 38.7 0.0
Bay  May4 21.9 77.4 0.7
May 14 7.1 64.3 28.6

May 31 8.5 65.9 25.6

March 18 98.3 1.7 0.0

April 4 93.3 6.7 0.0

Aenggang April 17 95.5 45 0.0
Bay  May4 58.5 41.5 0.0
May 14 48.2 49.4 24

June 14 18.4 57.9 23.7

*Value correspond to a sample of 10-15 shoots taken at random.
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Falioke] Foiwa d7eh) A&ske Aveld AAE
o] e TE FHE A fAE thdAe] §42
2 eSO ™ (Phillips et al. 1983; Vermaat et al. 1995),
A5 B0 mat A4 Aen o] thEA ettt
A2R)9] A FHE Foigt ASA] 7}t Y7 B AR
UdxE o 4 A, 787 AEZFS o g AE EA)
veRsttt. A B 8732 7Rl 53 A
2 Az o] W7 ASAEE AX AEA ] 3~5%2
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et al. 1983; Olsen 1999)°ll H|&] wgtov} AR =HF
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B AJA AN AT AR 22 T
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e Ze Ze g Jeigth o] d AM-E de Cock
(1981), McMillan and Bridges (1983)%} Silberhom et al.
(1983 = 52 5= Aok

A FAd AS3AG A7 A Adee A
i) AANLEL AT 3% =, BEXE F, {534
o =719 58A Wi TR 7 3A vehde), ol
B3 At ¢ 4ol e A HE ASEA o]
224 3l7] wEo|c}h(Phillips and Backman 1983;
Keddy 1987; Meling-Lopez and Ibarra-Obando 1999). &
ATFAME olgt FAIG Aoz yehlo] AT Bo
Z1e S 283 T Avd AAZS BHA
o] Zo], A4 A BHE &, S5 27, &5
A W 2k 71 =4 VERsth(Table 1). AHA] 74
Ao FAHA FA AL TR A4 13002 3
Zautel so7fmeh oF 2uf o)t Al Velst o™, 4R A
A 2} ANPL BT S0} §5314] U] Ex} S0
oz AR=AT. A Te] Azl me AR o] FHA
Al FA AL ohdA AAZ] A AT 31714
FAet 29 B3 F 6,200008) FAE A, ddA
A AF AT 520 FAeL @9 WAT 24,640
Mo} EFAE A= Ao 2 JJERGTHOlsen 1999). ©)
AFZE v)as] B o J7rel A A=) JHAe] ZA A Q)
B FA A3 AR 23 9 ET Qgke
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