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Selection of the Optimal Transplanting Method and Time for Restoration of
Zostera marina Habitats
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Seagrass bed is an important component in coastal and estuarine ecosystems, providing food and shelter to a
wide variety of fauna. Recently, seagrass coverage has declined significantly due to anthropogenic influences such
as reclamation, dredging, and eutrophication and consequently, necessity of seagrass habitat restoration is rising.
Transplantation experiments with Zostera marina using TERFS, staple method, and shell method have been
conducted at Dadae Bay, Kosung Bay and Jindong Bay on the south coast of Korea to select an optimal
transplanting method for restoration of Z. marina habitat. Three experimental sites located at the vicinity of natural
Z. marina beds with an average water depth of about 4m. Z. marina plants, which were collected from donor bed in
Koje Bay were also transplanted at 7 different time from October 2003 to July 2004 to find appropriate transplanting
time. Density of Z. marina was monitored monthly at both transplanted areas and natural beds. Transplantation
using the staple method showed the highest survival rate of transplant. Shell method was also an effective
transplanting method at muddy areas in Kosung Bay and Jindong Bay, but not suitable at sandy areas in Dadae Bay.
These results suggest that sediment composition of transplanting areas should be considered for the selection of the
optimal transplanting method. Z. marina transplanted during fall usually showed the highest survival rate, while
most Z. marina plants transplanted in summer died due to high lethal temperature during this period.
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oA A 2 g D At B A3l vl Fagh A%
< 9 3et}(Short and McRoy 1984; Ward et al. 1984;
Fonseca and Fisher 1986) . 18]} & A A|AA o 2 Z3]9]
MAHA o] FAS] adta gon, Fa 7 el nj
H, A2 53 22 d9A<Q 221 (Short and Willie-
Echeverria 1996) 3} wasting disease®} 7+ 2 W (Short ef al.
1986; Muehlstein 1989), B} 2 7% Wsle} 22 zpddel
d9loz b % gloi}, AZole <dgHel 2dld] g
Zu A2 g7t % 4l Zbstth(Larkum and West
1983; Short and Willie-Echeverria 1996) . A7 Zojj A= 23]
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A2 B3 E H(Clean Water Act; 33 USC 1341-1987;
Section 404c) .= H{ES} sto], 23] A2A] g E HAs)t
sb7] el w¥sta glom, 33 Al T4 AuA Vs
A Al YA 2L How FAs 9tk (Fereral
Register 1990) . weba] 2u] 212] B3 9]¢ oj2] Z =24
E7} FEIAY A8 Fo Atk (Churchill et al. 1978;
Bosworth and Short 1993; Fonsecaetal. 1996) .

*qj‘z‘ﬂ"ﬂ zho) M 22 Bg ffeiA o4 A FAE
< w5 Fasith oA E AFE u, v
B, FAAEY =, I T vE, =F
gxo] A7, 4 5& e slok 3F (Campbell et al. 2000),
37 #le] A4 o] ¥ (Calumpong and Fonseca 2001) <} 43
& w 2H(bioturbation) 2] & = (Fonseca et al. 1996; Davis and
Short 1997) 5 %= #7}=oloF gtt. Short ef al. (2002)= ©l&
3 89l 5 FFsstal ol & A=A 8R13 AFAIA
o]l Aa HAA e YT 3, AF3A AAA|
LS fBliA e oA Aiol A oY T2 HdAsta
(Lee Long and Thom 2001), o]2jo] € o3t #vQ
(donor site) 2 Frefjokstn] | o]2]=2 #w] B (donor plant) S |
Ashkes oA LA = dES HasE F A=W F

o] mej¥ojo} st} (Davis and Short 1997). mlx|eto & X2
o o] A7) & Adestar, 7F Ao HAE] S st
o] 23k o] 2] WS A el of gt

Z3 5 o]2sh= AAE oA st WY
AHE o]-g-3l= W] lt}. Staple method= | & ©]4) sk
= 3y 5 shE AsHEe] B ES AlA St v A
AP T2 mPAIA olaletE el o] W o4 2
= & v to|Eo] oA FAZERF 4GS dlof 8t

Fdo] s}, olelg TS sty fl8) A9 E o]
ol Al A o] 2 st= #WH<Ql TERFS(Transplanting
Eelgrass Remotely with Frame Systems) 7} 7|'2%] ¢] T} (Short,
Univ. of New Hampshire). o] ¥%& o] 2 %40] 3184 <
Holt 715} AP a2 el 75 Aol Ertsd A+

ol &4 F e WP, M B &= oA F 3
= AAel 951‘3}. a2yt o)A - o] 2ikg FA o S A
I & yollA] FH|skE AlRte] e ARle Aol ©?He
Staple methodu} TERFS9}= 2] o2 /fAE B2 &2} ﬁ
7 o] 2 5l= W (Seagrass and sediment method) o] $l.o.H,
o] - Tt 71F-E o] &3llA 0|2 BHE A FH St (Kelly et
al. 1971; Phillips 1990; Fonsecaetal. 1996). o] ¥I'H-2 #]2lo]
kel A qel A8 g glon & dgd Ae-E Ad
zko) o]2el] Agtsirt. Wk Asht 24 E4S HAs)
o e, FAE 3 Fol
A (transplant) ol FF 5

= B AA 7\1”}]2 A A=A

AEA]

J-H-]Oi o
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E

H
]
=

o] A28 %+ vdo] gJth(Davis and Short 1997) .
23] FAE o] &35te] AR E Bl WY T o7 o

TAE 9diA Al=E o] gt (Addy 1947; Lewis and
Phillips 1982; Fukuda 1987). Zostera capricorni 2 Thalassia2]
FA4S o] 43 3] AAA] Bglo] 495 7 3o (Westet
dl, 1990), FAPELE B o] AR ANE AEsm Y
(Lewis 1987) . g-;(]—fé o] 83k o]2] WL R 2y A2
2] BLlo] A&t WpHo 7 A2 o] 83l U R T &4
Al eldg 4= gl Aol 9t (Davis and Short 1997) . 12

—

TR
U 257, shE 2 A ad 5o Ea] F4S At
ot Wrlsd Ao TAE o8, Wobg Welet

™ (Granger et al. 2000; Orthetal. 2003), TA& NH3t= 2+
ol L olH} H] o] AQEE o] gt} EIH YR
el A AAE A A3 AN A2 AA S
Afste] Ay A2AE A=A 5 drh(Davis and Short
1997).

+ 529 35 Aste GO 9o i 3 qa
Ho| Zasta =, 53] 1970 4
3] AM2R|= 50-70%
and Lee 2003) . z+y]o] Mef& 7]

2
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Ao HE D BAS A ASA Z2age] A
E o A
T T

o] }\1—0] Fds

olu} Fuell A o]d] B ATt FAke w) - Az Aol
o Fulehs 9o A2 A4S UL Ay 2o LA

EEo] FYPHIAY 3 Fo At} (Fonseca et al. 1998;
Lordetal, 1999). 2] o]4je] gl theret Wk 24
sl Aol olAue ol4gad Eelsietd $7 89
o mel gebd 4 Ith(Phillips 1982; Larkum and West
1983). webd e QIgto] Brals 2] 545 of
oo 8320 AU ALl APy Aol A &
T

2% o] AA|7] mgE o] Ao $HFA 53 o]4] Fo
A A 536 o8] 2etd F vk 2ulF Zostera
maring= &34 FA] (Terminal shoot) 7} 3}4] (Reproductive
shoot) & W3&l1, FAA2E E3le] =X (Lateral shoot) 7}
v (Leeetal. 2005), o5& dll= L5202 Qlato] 2
BFEHN S 35S Uihlle 2o delAd dvk(lee
2004). Z.marina®] 73-5-, hFgk AA ol oA ® Ab|7F B
Fo] o (Zimmerman et al. 1995; van Katwijk et al. 2000;
Orthetal. 2003), #Z 2] o715 Loti7] 918 FL A
Aol|Af of ] Al7]el] ZA o]2fe] g A= AL gtk
A 2 ATE SHE R AR] Al o] A Ael A HA
o] o XAIZ1E A7) AaiA A AA 5] o]
Fgatlon, ZF oA A7 &L i}‘ﬂg S48t

2 AFddAde HHEe =
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Aol MG ol HAe] oA E A 7
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Fig. 1. Study sites in Dadae Bay, Kosung Bay and Jindong Bay
on the south coast of Korea.
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2o dgFsLoz Yehhid.

NS 918l 2008 12€ el 2} el A A
& 275 am, #°] 12eme] A|RAH7]E o] &3t HAES
43] AF AT EY = w42 F 59 ARE 10%9]
FAHHC) 2} 6% 2] kst (H,0,) 9 vEEAIA ghaked 3t
f71ES AAR e, 2FEHS 1/16 Mm@ A= A
Asto] mefjol AlHA R Eeletsit. RS 80° A 24
AIRE o]} xS AL, dgolate] AHA HA =S calgons
Hrtele dAE el & Y=FA 7] (Sedigraph 5100,

Micrometritics Instrument Corporation) 2 23 5153 T}
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ek
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Fig. 2. Underwater photon flux density at the Zostera marina
beds in Dadae Bay, Kosung Bay and Jindong Bay from
October 2003 to June 2004.

AL, o] 4" hAle] AEEL o4 JHAI] A8kt
Azl 3] Ao FgsteE R Fol] AEska
JE MAFE S8t N (%)= e A
SHZN

BE ARE B 21 FFAEEHE Y. B4
4 A ZE 27.9] normality$} homogeneity of varianceZ
Akt oA B il mE Y& Aol & two-
way ANOVAZS o] gelir ZAsllom, zh o] 4 7adlA

o]2]A7]" z}o]& oneway ANOVAZ o] &dfo] HA151%]
o} B4 gko] ol e 7%, Turkey HSD(Honestly Significant
Difference) & o]-8-3td 7} zt=9] o4& At =
E BAL SAS(version 8.0, SAS Institute, UAS) Tz 7132
o]-g-3F3Att.
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Fig. 3. Seasonal changes in water temperature at the Zostera
marina beds in Dadae Bay, Kosung Bay and Jindong Bay
from October 2003 to June 2004.
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Table 1. Sediment compositions at the study sites in Dadae Bay, Kosung Bay and Jindong Bay on the south coast of Korea. Values are

mean + SE (n = 4)

Grain size

Sediment composition (%)

Dadae Bay

Kosung Bay

Jindong Bay

Sand
Silt
Clay

849+13
149+13
02+0.2

0
4.0+04
96.1+0.4

39.9+13.2
429 +9.8
172+ 3.5

5001 A. Dadae Bay
450
400 -
350
300 -
250
200 -

150 T T

350 -
B. Kosung Bay
300 -
250 -

200 -

100 -

Density (shoots m-2)

50 -

350 -
C. Jindong Bay
300 -
250 -

200 -

150 -

100 T T

2003

2004

Fig. 4. Zostera marina. Shoot density at natural beds in Dadae
Bay (A), Kosung Bay (B), Jindong Bay (C) from October

2003 to June 2004.
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Table2 3) = A

methodo] ¢} © ™ (Table 2), Al A BFoA o]

oM Folle T2 Folo] A4 Z71eIchFig,
5). TERFS= A = 7% TRt A= shell methode] H]
) golah] = AESS Jehlgle (P < 0.001), YA
AT AR e HERto A& shell method”} TERFS
Bt ¢ =2 AEES Ho] %It (Table 2). Shell method
© AHe] TRt A s 5%9] i v JESS VERY
Ak,

ol

AQ

O[Al AlZ]of| HE HEZ XIO|

2% o2 Al7] A 918k o] A F oA AP o] thoirt
ol shell method= o] 23t 75 A 9jslaie 23] o]2E
o] AE&o] o|AA7]d wet frogH(P < 0.001) zto]E
EFitH(Table 4, 5). AF2<] thojetol A= TERFSY staple
method2 o413 7-$- 2004d 2L o) o]alsl /A Eo] 717
2 AEES Vel en, 2004d 790l o] A E HAES
Hkd o 2 10% o]8te] XS WEES Hth(Table4). Tt
ko) A shell method 2 ©] 218 A$= RE A]7]0)|A] 6%
olste] HEES HAomW olAA7]d wat {FoJgh(P =
0.2) xfo]7} VFephA] 23k

pA A TERFSZ o] &3+ 7% 10, 11 28]x 12¢¥4)
olA® A Ee] 7P EL AEES Blon, 197 299
o|2lel JAEE < 60% HEo] AYEES B tH(Tabled).
Shell methodE ©] &3t 7Z4-$-= 11¥€9) o]ald MAEo], 1
2|3l staple method®] 7%= 12¢9l] o2& 7MAIE<] 73
2 AEES Uehid aoﬂ ol2H JHA &L oA
o Faglel 371 F BT Alebsivh(Table4).

APl TS 013 A 71459 A% ol
MAEL 60% ©)de] Y& ‘%E‘r‘ﬂ‘}iiu% el o]2E
MAEL 3% olste] L& FE=&S Q—(Table 4). Shell
methodZ o] &3} 4= 1199, staplemethod—e‘ o] &3t 7
Fole 12¢e o]AE MAEe] 7V & AEES e
T}, 799l shell methodZ o] A1H /AAEL Y & 2%
Ao | staple method 2 o] 21 ® /A E= 1.3%<9] W2
AEES YE I TH(Table4) .
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Table 2. Survival rates of Zostera marina transplanted using TERFS, shell and staple methods at Dadae Bay, Kosung Bay and Jindong
Bay. Values are mean + SE (n = 4)

Survival rate (%)

Method
Dadae Bay Kosung Bay Jindong Bay
TERFS 472+25 77.1+£0.8 63.9+49
Shell method 50%£29 833+14 71729
Staple method 93.8+3.2 101.3+1.1 103.8 £2.1

Table 3. Summary of ANOVA results for survival rates of Zostera marina transplanted using three different methods in three bay
systems on the south coast of Korea

Source SS df MS F-ratio P value
Method 10514.4 2 5257.2 403.0 <0.001
Site 5972.7 2 2986.4 228.9 <0.001
M xS 5329.6 4 1332.4 102.1 <0.001
140 - A. Dadae Bay Trarwjlarlst::gemethod
120 + —O— TERFS il &b
100 —w— Shell
i 28 olAluy MY
60 1 B Ao A ALEE Al 7FA] o]4] WY F staple method 2
‘2‘2: o]2jg A3 o]4EZo] 7bY e AELS Uehit
o  Staple methodi= A314-& ek Bl wet thegah,
g D J ol AN E Aede A= wANA 0|4 st A5
-g ::Z B. Kosung Bay 31 (The horizontal thizome method) & AH&-811t}. ©]
$ o0 e Aol MR mapsel T ko r gge & 3l
S a0 o], J&&3 UrE ¥Y 4 Jrh(Davis and Short, 1997).
5 60 £ 3%o]4 staple method S o] §3 75 o EH o419
£ w0 AAEL Aeha th i o2 5e) 3709 F YE&o] 0%
g olgor olde B WER Hl& A eyt
g o v v v v v v v v (Philips 1974; Thom 1990; Fonseca et al. 1996; Orth et al.
R T CORC PR E S P EE R TSR REE
& 120 - 928t deel whet o)A el YEgo] ekl 4 glEd),
100 1 TERFS2} shell methodoll &= #3187} E|ZE 9o Fol&=
807 uba - staple methodol|l & o4 7fA|] A&} 27 o] H A
8 1 B 2o ngH0R 2o AELS vkl S 9t o4l
7 AREC] o] Z7]d] HAR Lol A ddd] A2
] 717 5 v mA ok el = o] 2 REo] 4 H&

J E M M J J t}. Kelly et al. (1971)-2 Thalassia testudinum-g- ©]-8-3F o]
AQGIA o]2] 27] o] BE&o] WS Frath 5
Fig. 5. Zostera marina. Changes in percent to initial shoot density Th. Staple method= o] 41g49] HA 5] 2 Fagl
at the transplanted areas in Dadae Bay (A), Kosung Bay Mg =2 AEZEE Yoy o249 golsty) v g =

(B), and Jindong Bay (C) Aol A grpolx] 5gk Aoz o AFITh
TERFSS] 4% 29 o|4R5o] ol 4ge] ngslo] %5
7] wjio] 2R/} 9] FFS A A gor, AA
AEe] gFo 2 HE o]2d A Eo] HiE 5 Ut Be

D A
2003 2004

O ¥ > )
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Table 4. Survival rates of Zostera marina transplanted using TERFS, shell and staple methods in Dadae Bay, Kosung Bay and Jindong
Bay during 2003 and 2004. Values are mean * SE (n = 4). n.d = no data

Sit Transplanting Survival rate (%)
ite .
time TERFS Shell method Staple method
Dadae Bay 2003
December 472+25 50+£29 93.8+3.2
2004
January 63.9+83 58+1.6 60.0 +6.1
February 91.0+438 58+0.8 102.5+1.3
July 3.1+£00 1.7+1.0 11.3+1.1
Kosung Bay 2003
October 75.0£2.0 63.3+7.9 n.d
November 76.7£3.7 942+238 n.d
December 77.1%0.8 833+14 101.3+1.1
2004
January 64.2+0.8 90.0+14 76.3%2.1
February 59.0+0.6 86.7 £8.2 96.3£2.1
July 0 0
Jindong Bay 2003
November 67173 93.3+27 n.d
December 63.94.9 71729 103.8 +2.1
2004
January 66.3+3.5 842+1.6 93.8+2.1
February 70.5+35 71.7+3.2 98.8+1.1
March 69.8 0.9 68.3+1.7 925+1.3
July 2.8+09 0 13+1.1

B9 AAA G ANERS olg Agmetel Aapl L
St o] AT =, ol# 3 A5 wike Ao A=
of =LA J3Fa wzIt}. TERFSE o] &
2 Aygjo] feleiv] Gue ojz @
w7 BT Agel AR By
(Phillips and McRoy, 1990). L&y} o]&] Z7]of A2 |
7V wASH Hadhe @Al =], 01%

HAE e Fote 2R o] 2 E MAE
A2 A=y AjHoz o A7ko]

™, whehA EAEl elE A g B2 U
2] Z7)e] AbetA E.

B AxH e oJ&f /HitE shell method:= o] 2] 4x2] E A
E A o8l A AFTF AT Al A FellA] 118
H shell methodol] €3t o]2]& B A &9 7AIAHE] HES}
uAL7y A1 2R A F Rkl A= 70% o]de] =2 A
Hou, Akl guivt A= 5% =9 ujf- %
AEES YeEAT 2] 1 wo] FahE o] 2] 7iA
TERESS} o] HAE ¢ EolA W, X5
AEo F2sh7] felir e sz A= Aot Ad7det
e £o 8 g o) gt} A= FHAEE ue} 3
&= AlZte] getd g Qe BRHE A4 HAES |

°H1

o
o

27o]

et o oo iy

At HEE T HARE =
= ZAE)7L oS iy Ed 25 FEE A2l
A= o]lAlg 7} §AE 26];‘(1—5].1‘—__—_ AL H A
TERFSe|| H]al flollA =25
&l o]ABEo] Al AUt

Shell method7} 54290l =] o] Alg-E FHtoll gl
el = BPska, ARkl ] g WA vl § A3A
Ql o]a] WHolgty & 4 9)Ut}. Shell method= %24
= HAslsto] Hg-2 A3
method”} 74 £& &8-S JeEh oy A9t 7
FE glo} sl o] 9lom | shell method= o] TS
Rt ] 4ol S9N ol vgs A

qolth, A Ee] MHEE BANGA AREE Aee

T
= g1l e} shell method
b

£ RE AEEo] vl 7198 Rol Bz, o] A
28 998 E 7laA) @) Ee, shellmethodi= |4
#7149 vl gol £ epedl, TERFSE 24713t ¥, 72
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Table 5. Summary of one-way ANOVA results for survival rates of Zostera marina transplanted during 2003 and 2004. Survival rate is

the dependent variable, while transplanting time is the independent variable

Site Method SS df MS F-ratio P value
Dadae Bay TERFS 7,311.7 3 2,437.2 13.1 <0.001
Shell method 6.2 3 2.1 1.8 0.200
Staple method 635.0 3 211.7 47.9 <0.001
Kosung Bay TERFS 1,496.3 4 374.1 64.1 <0.001
Shell method 296.3 4 74.1 15.5 <0.001
Staple method 56.0 2 28.0 15.5 <0.01
Jindong Bay TERFS 80.1 5 16.0 10.7 <0.001
Shell method 6.8 5 1.4 8.2 <0.001
Staple method 16.7 4 42 10.0 <0.001
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