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Since significant losses of seagrass coverage have been reported from many parts of the world, numerous res-
toration projects through seagrass transplantation have been attempted worldwide. Different survival rates and
establishment time of transplants have been reported depending on transplanting time and methods. The staple
method, which is direct seagrass planting method using staples to anchor seagrass transplants on the sediments,
have been widely adopted in seagrass transplanting because this method achieves high survival rates in various
sediment environments. To assess the morphological plasticity and the growth characteristics of transplants, we
transplanted eelgrass, Zostera marina in December 2004 using the staple method. Shoot density, morphological
characteristics and leaf productivities of the transplanted shoots and shoots of natural eelgrass beds in the vicinity
of the transplanting site and environmental parameters in the planting site were monitored for about 1 year post-
planting monthly. Transplant shoot density increased without initial decline, while leaf width and sheath length
of transplants decreased after transplanting. Leaf productivities per shoot of transplants also considerably lower
than those of natural shoots for the first 3 months post-transplanting. Shoot density, morphological characteristics
and leaf productivity per area of transplants became similar to those of natural population about 1 year after trans-
planting. Although eelgrass transplants might have experienced some transplanting stress during the early stage
of the transplantation, transplants appeared to adapt well to new environments of the transplanting site.
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A Attt 7 9tk (Short and Willie-Echeverria, 1996; Lee
and Lee, 2003). 211} &4+ A ol du)a 2= 2] A4 5
Q730] thiFEA FIEE &y MR E Bt s ARl of
2] yfolld HgEglom, eyt H ojxls E3 &
X217 Fo] AEE 3L QITHAddy, 1947; Fonseca et al., 1996;
Davis and Short, 1997; Lee Long and Thom, 2001; Fonseca,
2007; Park and Lee, 2007).

AL FEow FEg HujxalA| o] 2RAAQI 35231
ol Ao EERE AEe o]2)g Falo] AYMAAE Hdst
o] o]Fo]x rH(Zimmerman et al., 1995; Fonseca et al.,
1998; Paling et al., 2001; Meehan and West, 2002; Orth ef al.,
2006). 014 F3 Q1 Fu A 240 Fed A AAE
238k 5= Qe Wi &A1 #Ho|tH(Fonseca et al., 1998;
Seddon, 2004). AJ32] Q1 &3] o] 23 flalM= At o)A A
9} o]2] WP e] 7ol M ojof sl H22] A7]e| EAE
ojAgo®HN o]2] AEYAE Fof WE AIRE Yol AE2E- 3
ol 2581 sllok Fh(Short et al., 2002; Park and Lee, 2007).
27} Aepr] Qe Saek 9, AAEs A, 5 52 =4
speka S]] gl o] 28] 3A ] A2 {7 so] A
gk o] A Ao arejE|ofof & AlkEolth A7 o] A
o 2 Foll wet 2ebd 5 =l AR (Zostera marina)
2] 7% o] ANAE staple= Y= staple method, ©]2H-S ©]
4-3k= TERFS method, 12]1l o= F<7F 2 QU= shell
method 5¢] 7= th(Davis and Short, 1997; Calumpong and
Fonseca, 2001; Fishman et al., 2004; Park and Lee, 2007; Lee
and Park, 2008). ©]2]% 23] 9] AEEI} 27| o] 2R o
wkg} 2}o| & LFERATH(Fonseca et al., 1994; Park and Lee, 2007).
theFst ARzl 2 AEES Holu] o] 27lA|e] 2ol 71
W S staple method® H.11¥] 3L lt}(Park and Lee, 2007).
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o]l ~EHAE o] A & Hojut F & FHAA]T]
P ARl WskE oA, S AstAIZI7IE star, A
EEE AR Stk (Meinesz et al., 1993; Martins et al.,
2005; Park and Lee, 2007). = A-ol|A= o] 2¥ 23] 7|} o]
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Fig. 1. Planting site in Jindong Bay and donor bed in Koje Bay on
the southern coast of Korea.

AN ZERAaE 870l dol o)A FAE &3 F Uk staple
method= A AIS}3ITE. SCUBAE ©|83t] vt o)de] =&t
< 7 AIANAE oF 15 cm 4o]2] metal staples ©]8-3t0] 2
AR 30 cm A S % A A8 THDavis and Short, 1997; Park
and Lee, 2007). ©]21&9] (planting unit)= 5 m x 5 m 2o, 4
7N o291 8] ZuE o]2slglt.
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7z Qlo] $1X|5l= 4lell A (HOBO-Light Intensity, Onset
Computer, USAYE AdA|3le] vl 1580} 57 J52 3191
T} HOBO Z=AIZ 4% 2 (lumens - )= & Al 3=
471(L1-1400, LI-COR, Inc)® S74¥ +2¢}] 3|7##A& T3t
o] photon flux density(PFD, mol photons m? sec)@ WH3Isto
gatow vepiltt. 22 72 2APE Al 241 (HOBO RH
Temp Light External, Onset Computer, USA)E “dX|3}o] o 15
B 1Ao7 AR oM (Lee er al., 2005, 2007), SHE 52
< G0 YeRfgIth
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o]21% 2 (transplants)2] HUIsE Z} 0]2] ©heel] 50 cmx50 cm]
QT TS X8I YA (vegetative shoot)2} 3H4] (flowering
shoot)2] 7AIFE Aol mlg SHsIglen, deHds Aeds
(shoots m?)Z YERNSITHn=4). ©]24] g4 Aol SA]sh #pA 2+
3|42 4] (natural bed)®] W= viE LT F7]9] WAHTE ©l
g3to] SAsICITHn=4). FEE] 54 Ak S18) o] i
S} ZpAX AR oA 242} 4~10 A 2] EH)E g ZF [t A)A
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g Slel &, 98 F(mm), Y28 Hol(em), €] 7l(em), 1F
A, A, A 9 NAE FAl(gyE S8kl 2] o)
A2k & blade marking technique(Zieman, 1974; Kentula and
Meclntire, 1986)& ©|-§-3to] md S35t} o] 2] Ao} AFAA
2ol A 8~1270 Aol FARE2 ©]8-35te] Y& (sheath)ell 7782
2 T oF 3h - Sl AF SIS AF g JHAl= A= AR
F(new leafN)?} 7]& FE(old leaN 2 LroiA, Z42e] AT
OW)S S43st = A F 315 53 A Hmg DW sht' D)y
S8tk HAl & Aol S EE Felo] WeHAE 9l
(g DW m” D)E ARSIt

SHEM

BE AFE+ normality®} homogeneity of variance® 7174 ¢t
2-way ANOVAZ o|-galo] F4g} AJ7to)| whE xjole] o)A
ARSI (p<0.05). SAREA2 SAS 9.15 olgsiglor, &
=72+ H it (mean)¥} FFQXHSE)E JeERQIT
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photons m? D')E UER= S8 A1E A HATHFig. 2A).
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Fig. 2. Seasonal changes in underwater photon flux density (A) and

water temperature (B) at the transplanting site in Jindong Bay from
December 2004 to January 2006.
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Fig. 3. Water column and sediment pore water nutrient concentra-
tions at the transplanting site in Jindong Bay from January 2005 to
December 2005. Water column ammonium (A), nitrate + nitrite (B)
and phosphate (C), and sediment pore water ammonium (D), nitrate
+ nitrite (E) and phosphate (F). Values are mean = SE (N=4).

<, 99l k(264 °Cye LFERASITHFig. 2B).

T HAE 950 JUd suE ARIEE o8
o1& WS O h(p<0.001), FHE AEIS UeRA] 3ttt
o] it JUY T GEFH] 5.5uM, Zalglobdalglo
2.9 uM, JAFEE 0.9 pME YERITHFig. 3A, B, C). El&E &
0] et U FEE PEEEC] 70.5 uM, DAakdropdat

=1

1.3 uMZ A= THFig. 3D, E, F).

O, ofj 2%

o of

MAE

o] 2] Zang} ApAM A A A 3] A ] AR Fols
A7 WMES YERITH(p<0.001, Fig. 4). A 2] 4217 o4
© woll Wrrt AA8] S7tste] zolgel Hoigks Bl $ 7}
Sol ZHAsIGIT). o2 AaelA] du|o] MAEEE o] F A%
S7¥ete] 8ol Hulgks Hel § s TS HTH(Fig
4A). 3HA]= o] &3] (5 shoots m?)2F AFAA2)#] 23] (7 shoots
m?) B 49 dgsigl om, s e] WU 7 A Alelel] -
o5t Aol & HolA] oFkth(p=0.48). 7 FAF A4 BFolA 34
© 79 o]Fell= AEA QSITHFig. 4B). 14 el 2RIA
212 B} g2 A2H 5 (32 shoots m2)E 27} 0] EQ] oL},
o]2] 1id $1 2005 12€2] AMAL == o] 2] %24(95 shoots m?)
oF AAxA2] &3](98 shoots m?) Afolell {28t 2lo]& HolA|
oFoktH(p=0.59, Fig. 4C).
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Fig. 4. Seasonal changes in vegetative shoot density (A), flowering
shoot density (B), and total shoot density (C) at the transplanting site
and the natural eelgrass bed in Jindong Bay from December 2004 to
December 2005. Values are mean = SE (N=4).

A7F J3 oAl STkt 7kl Fhadske A3 B lvhFig.
5). Q2] = o2 AYANA(4.8)0l Hlsl o121 E WA (4.4)7F 2+
o}, oA T gk o] Ayt 28k 2] (p=0.22)7} At
FTHFig. 5A). AL F2 o2 A] o] 2]E J)A|(8 mm)2t AHE7HA)
(8.34 mm)ellA] 28t 2ol 7F A%k (p=0.17), ©]4] gt & % o]
218 TJAA @A ] FolRtt 7 E Folle tAl oS A
o] (p=0.29)7} IFTHFig. 5B). §22] ol o2 g o=
o] 21¥ AN (12.3 em)ek AHE7HA|(12.9 em) Ale]el] f-2] gt 2o 7}
A (p=0.26), ©12] Folli= AAAANA L] Jx7}F FelsHA
(p<0.001) AATKFig. 5C). 2] 7]i= o)) A o] 7|4
(72.7 cm)7} ZPEANA(62.4 cm)BE Tt T Z1 O}, o)A A% o)A
AN FATE 7HA7F EE AT oF 10719 5 o] 2Ae} =
AL 717} F-2)3F 2Jo]S Holx] etk (p=0.52, Fig. 5D).
Ax2] FAIE oAl 0124711015 g)7F AHY71A1(0.20 g)th
ZH o 10719 e = fost Apolrt =R gk
(p=0.93, Fig. 5E). AdH-2] FAl= o]2x7]9} 0] T o] 74
o} AA7NA Alolel] el st 2ol 7} T A ATH(Fig. SF). A
M) FAAl= o)aalg)l o)A A Fell= F AAE Alele froet
2o17F 132 W (p=0.56), 2005\ 5YFEE= oA H-2

Fig. 5. Seasonal changes in morphological characteristics at the trans-
planting site and the natural eelgrass bed in Jindong Bay from Decem-
ber 2004 to December 2005. Leaf number (A), leaf width (B), sheath
length (C), shoot height (D), sheath weight (E), above ground weight
(F), below ground weight (G), and total shoot weight (H). Values are
mean + SE (N=4-10).

sl A YeERtHFig. 5G). /NAE FAls o] 2] o2 7)A)
(0.89 g)2F 27N (0.95 g) Alelell f-2]3t 2ol 7} §l3lom, o] 4]
o= FAFSE A3E BATHFig. SH).

ol 27N A e} ARINA B NAG 2] A e A
Abdol FEE Ad Age ®Beth 2o AL ol 54
S71I9aL, o382 A Zashe AEo] UEtHFig. 6).
ol2] Z7)ofl= olad A AMAY A A AN R
o} 5o 8HAl GO Lk (p<0.001), 014 F- 4L El= o] A fAIE
o] g & WIS Helom, ofF e/llY FHEl= T ANAREY
AAAdo) ALK TH(p=0.14, Fig. 6A). ©H A 212] AJAA
2 Hezpold]] 93] AFA MAH|oA] €53 =2 e RIlon,
ol & ok o] A3t Fofli= o]a] A4} AFAA] %] Alo]e
Fregt 2pol7F EhA] oFkth(p=0.28, Fig. 6B).
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Fig. 6. Seasonal changes in leaf productivity per shoot (A) and areal
productivity (B) at the transplanting site and the natural eelgrass bed
in Jindong Bay from January 2005 to January 2006. Values are mean
+ SE (N=8-12).

Act. 2] JfAES FIFEE THER AT HE Al
FHe] A fnk, wEba ZuE A2 Gae] o)Ak flslA
= ABE B-ESol 2 g AIAk SHoh(Philips, 1974; Fonseca
et al., 1996; Orth et al., 1999; Calumpong and Fonseca, 2001;
Paling et al., 2001). Z3]2] X7} EAF] 178% 2L Lpd A
shgo] AAEAA A5 vielo A A2 ] (lateral shoot)’}
whlsle] W7} Z71eA] Ptk (Martins e al., 2005). ©]21E 2+
¥)o] =&} k=] Al ARES o2 iHolu o] 2 A]7] ¢
w2} x}o]7} Wrk(Calumpong and Fonseca, 2001; Martins et al.,
2005; Park and Lee, 2007). & A7-ollA= 23] 2] X8} staple
method® 25 A Alsh= e ARSSISIaL, o274 7ol
2Tl Agetalom, 7 AHgt o)A A17]Q1 A o)A
Srom 7% A §lo] o] 2UiAlEe] o2l dAel & AR
H ZloF Holth

ZH) = A Edo] MEkshAu A2 Sl mE s S
F e AR W vERdT) o] d Wshs 7150 A F] gk
TFeF 24, H¥E 357Y 999 s=9 279 AV 5
22 37219 Wsle| o]AdwFo] 4837 23k HYo
2 Koz ok (Kenworthy and Fonseca, 1977; Meinesz et al., 1993;
Zimmerman et al., 1995; van Katwijk et al., 1998; Frederisken
et al., 2004; Martins et al., 2005). $54=Fo] Aashd 2y
‘7o) Zraman, Al ast TES ok e F53] ¢
3 =54 S SUMAN7]1E o] th(Lee and Dunton, 1997;
Ruiz and Romero, 2001; Bostrom et al. 2004). W4F 5= &
9] S Al | sk, B4 Y9 sF A 2
&= AsHte] AAR] S7bE AL, WE B s dY9e s
7} S7¥ebd AsHte] Aol HAE 7| §Tk(Short, 1987;
Kenworthy and Fonseca, 1992; Lee and Dunton, 2000). 53], ¢!

e

&

9] 2 3 AEHAE YE= X EE A7} AEH A &
SHAY, g4o] ofstud Qo] Zo] FhAE= Zo0® Huyy
o

2ATH(Phillips and Lewis, 1983; Meinesz et al., 1993). ¥ 28 4
Fo Mz o] A7NAI] Qle] Fo] o] F 1271 FRE AN
ARk @A) ZAEATE 1 5 AR o] wEE Qi
27t o] e Wak eR 21 ol Fa9] 4
3 2 HE GPAs] BE 3 08 BPLUTE 0|42
3] 9] APLrof] 23R O Lk(Lee er al. 2003, 2005), 02 7] o]
2NAIEC] olA oA g 4= Sl welAel S 22
oj2] AEHYAE W2 AR of AT},

o2l A¥]e] & T DAY AIE o]d] T)ellE
APz Ry @As] WA veRTh o] 27RA1S] 9le] kel
o] 227 W o] it o] I F WAsh= o)A AE# A G
ko 2 FZ¥TH(Meinesz et al., 1993; Martins et al., 2000). ©]
2] 5 o] Aokl ol AiAe) o AL AR S 2
2op7] A2, ol ofrh ARRTNT e e o))
grow Qs AuAiel wAE 4 gl Wolut Ferslsel o
St AAo] Fhawe] VRt A1 0 = 4 FTH(Vermaat and Verhagen,
1996; Enriquez et al., 2002; Peralta et al., 2002). ©] 5 o]2] 74
o] Wert S7ksbHA o)Ad o] GejHAYd A STt
sto] o2 1d Folli= &k AR 9 AR

FEvet Agtel sk e w3 ofFel $438] 4733t
I, 7R Aol Aol Hashs Ade Holn Hy] Aol
7V 2het 228 1520 °CE Bl SitH(Lee er al., 2003, 2005).
H AFNE o] SHekL o] At 5 o)X
Za) e} 2ApPAE 7Y 52 LIS BAlth 3, S8 ol wat
zpoli= UARE A= F2 ol spA)7) At Azt A<t
a1 o 5ol = w31 34X AREAAl Fth(Lee et al. 2005). ©]
2w o} 2Pk Afole] shA] o] wbgell 25k Afo|7h vhEht
A okSket. whebA] o] Aage Hu| o] Aol froldh ke
FA gohtiar g 4= QI o)A o] o]l Ful= o]
2 Z7lell ole] =, dx9] Holgl AL gle] Aol Ay
Aot o] 1d Fells AAxAA| o] Zujgl fAbsiRler et
A o|A 7L o] AEYAE SRSl o]A Al AEE g
7ol A-gsh=tl oF 1de] #87Ite] Fagt Zow FAHt.

AL AL
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sl oFeh 3 g A1, 2005, 8l AR, 400pp.
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