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ABSTRACT

A SEol AT AGPHANG8 T PR 3 Al To] WA AYSHEOL, 19000 HulA] AL ol F B
L pERe] AT A4 1) B9L 917014 A2 AL 915120199 19542020 199} R 674
St A

24 & A
off AmE| TS o] At & A& g3t o] AH AT 107193t D ARSI Am 2T o] 42 A -S o]-§5te] 7}
2 3 5007HA1E ol A5ttt oA A e B Fao] A tiRE AEote] G HAH R QI WSt Eg T )
Fao B F, +58%, T2 A e ol Aol R AT B A2 ol sttt B Aol A 55
ut 7t Eddto] of F 51 FA E o, A e o] AYET B ol= ol Rt Y= PIAIA] kTt o AE Am PR o] 4 374
% 112.5~300%%] BES7HEO] UePg on, BE FaoA &3t 295 ¢ 52 2 572 23tk A2 e gHe
ol4 FHLR Qlsto] BE il 12 /| ETF AAstHHT o] & Al F7tete] M2 2ol & 257t 2 o= SRlE gl
TJefu} o] 2] F 8~97[ho] A Ttels o BHE 27HE F<¢2019W 23], 20201 33]9] gk e Fo] TAF 2| & ESIITE ©]
= Q1sf o4 10708 5 FF3e] Sl YRRt 274 0] A= RF A B o, WiRRhe] Ao 91217t 374 7w 2]
T HeF7ha2 192-312%2 =7 A1 = et o] 24 {Fahe] Au| A 47] 2/4do] 7hs s & &= AL, o4 7n=E]
W F7Heo] 4 Hi gl = et Rl % Adjto] s AR &l o Jlelth

Eelgrass, Zostera marina L., was widely distributed around Sinyangseopji Beach in Bangdu Bay, on the eastern coast of Jeju Island,
until breakwater construction in the late 1990s resulted in its complete loss. Six experimental sites were identified for restoration of the
Z. marina bed in Bangdu Bay. Using the staple method, 500 Z. marina shoots were transplanted at each site in January 2019 and 2020.
The transplants, along with environmental parameters, were monitored for 10 months following transplantation. There were significant
differences in underwater irradiance, water temperature, and salinity among the sites, but all were suitable for Z. marina growth. The
Ulva species, an opportunistic alga, appeared in spring and accumulated during summer at all sites; however, there was no significant
effect of Ulva species on the survival and growth of the eelgrass transplants. Most of the transplanted Z. marina survived, and after 3
months, the density increased by 112.5-300% due to vegetative propagation, with a rapid rate of increase observed during spring and
early summer at all sites. For 1-2 months after transplanting, the Z. marina shoots showed signs of transplant shock, after which the
shoot density increased at all sites, confirming that all transplants adapted well to the new environment. However, in both 2019 and
2020, during late summer to early fall, the sites experienced heavy damage from typoons (twice in 2019 and three times in 2020) that hit
Bangdu Bay. The transplants at two sites located in the center of Bangdu Bay were completely destroyed, but those at three sites located to
the west of the bay showed a 192-312% increase in density. Thus, we confirmed that the Bangdu Bay Z. marina bed can be restored,
with the highest probability of success for Z. marina restoration on the western side of Bangdu Bay, which is protected from typhoons.
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SiFASHES Hul= A AIA ALtell oF 60 ofFo] AAlskaL glor, S-eutol= 9Fo] A4St ATk Short er al.,
2007; Kim et al., 2012). F]AA 2= TRt soFs-E50l7] Blol, AXAe e Algste] deto] JertdbdS &
“FRZIH(Hovel er al., 2002). =3, Ful= Y3t H22 s 5] IS Srotal Aok o= 222 QPdsiAl7|

A EAES] AEFE A A, Aete] 42 Pt 28 A3he] 7|52 W2IettiThomas and Cornelisen, 2003). 121t
FT A Azt e, sigh At SAH RAYSH 5 191A A%l o ® A AlA B ofuet -eeluete] A2l = 54
5] Z4ste] eF 50%0do] FlE ATkl B 1 E] 3 Itk Short and Wyllie-Echeverria, 1996; Park and Lee, 2007). $19HX
Aol 2 A A2l e] e 71307} A2 A Sl 2 A A RS B sk B slehe AlESo] gl A1)
QItH(Fonseca et al., 1994; Paling et al., 2001).

i Zu Az E Blsl=HHo g =314 S 7H/\a5}oq ZhiZeho] 3lE |7 E 7|t = A=A ) v 1} 2] o] A
SOl A=A o 7 JLEeh 4 Qlrt 28-S ATshe S Hu T AR sl oS Fu Al s Aedet e o £
gote] A1 ] olE-2 7H e = AR YR ]71} | 295 = 73] 2ATH(Seddon, 2004). THHA], Z373<t ]

Z oAsIAY FAE whESto] HulH A E A4Sk WRo] 1980l o %R ml=, o, G Folli AR R

o]-8=]o] gHth(Fonseca ef al., 1994; Davis and Short, 1997; Paling et al., 2001). -2 H2toll A= Z| 44121 3152 ¢
S vtk ZAJAIGOIA AT 434 oA or Amed AARIE ZAdsk= WHio] HIKistAl -85 JITHFIRA,
2019).

AuA2)E BA 0 Belsl 2A48] 9iaIH o] Helet ol Wiah o] o] Fasich Hrle] 1
141 & o 7 o]4] A 4-0] 9730] el et A 4 Sl Ama e S e telE Ealeh Hapoll A 7 )
AARIAE 717171 305 SAI0] A1) ko] 7P Bl s Arfald 0 2 chEe) WA AlA] melo] o
2 44 ghth(Fonseca ef al., 1994; Short ef al., 2002; Park and Lee, 2007). 712 E-2 AL AH, oA, wjZl 52
H, AEIAH, thub 2o 5 teket oAl Eo] 7HEE] 2Tk Park and Lee, 2007; FIRA, 2019). Z1 5 EAI AR
Clofl B2 Aol A 5.2 AE 8-S Holn], AJ2-2 870] 43R 27 |Kl0] Hob 38 Wi o) 2wt v
ol HiH o g eyt A da] €851 IthPark and Lee, 2007; Park et al., 2009, 2011, 2013).

225t o)Al v} S| AFet ZFn] o]A] A 0] Ao Az o] 2hm| o|&lof] A& o] oJskE n Xh’%(Short et al.,
2002; Park and Lee, 2007). 23t o] 4] FA-E 27| 9fall Anl] 5ol T3 B, 27 D ot o A7, 4, A Ew o]
38 hoszw T AT 59 E51H 0 @ Wrlslo] o]4] H A4 = ATTHShort ef al., 2002). 2] Al-o] 71531 %

Jae} shejete 221 edolu AeEte] B o= sl A wef] 4 s dolu S Zebd 4= Aot
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A= vEato] A A A1 2] B8 915t ofjH] o] 4] Aldl o 2 2019 19720204 1-€To] gt 67) 0]4] 1 ZFAof] HA}
TAHS o] 85le] ZulE o] A5Iet 1 % oF 107197 2 AAa 0] MG = 550 2 JB Sl A Ee
o] FeAS Al 4= Qe F-7A4 sll2R/<] ofefjo] 74 =olet 3 o] 2] Zm] o] Wi A=8a} FEfA] EAJS A
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Fig. 1. Transplanting sites and donor bed in Jeju Island. Seagrass transplantation was conducted at St. 1 ~ St. 2 in January 2019
and at St. 3 ~ St. 6 in January 2020.

Table 1. Location of Zostera marinatransplanted sites in Bangdu Bay

Location Latitude Longitude Depth (m)
St. 1 33°25744"N 126°55"03”E 1.5
St. 2 33°25’50"N 126°55"10”E 35
St. 3 33°25748"N 126°55"03"E L5
St. 4 33°25753"N 126°55" 14"E 2.5
St. 5 33°25750"N 126°55"20"E 2.5

St. 6 33°25739"N 126°55"09”E 1.5
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ollRt At A2 TR FEof ok 2 A o] Az 0] 4220191 19872020 18] A {1 A
2 o] E2] 670l A AASHIE:. 2019'F 4] Zo|7F Q= St. 13} St. 25 14 FHA= BN, 20201 ©]
2] 7%“11“4‘“«1 EoAEE R AAIS Hol= st 13h-rARt ol AxIsTEA Zufle] 724 o7 HE St. 3~ St. 6

O & FHAE SHSIAH Table 1). |4 AR 358 7 B2 BT AlFA] 2305 230 Fel A AFlstad e, A5
HAARE #[eHe] HHES AR - st AR S2EAE 87100 Jot o] 4 Az 471 524 o 2 el AR
SHATE. A2 o 4] W2 oF 15 em o] 9] vAFg Ate] 4utt] o] 251 71 AHZE 67HA141e 40 em 7+
o2 AAishe AR 85t 2 4 I oF 50071H| €] HlE o] A5ttt

2.2 45 &g ZAL
TR 28 Z AR S5l 2} oA A FA) 0] A2 AA] 44| ALA(HOBO onset Pendant Temperature/
Light Logger, Onset Computer, USA)E Adx|o}] 1520t 2ot 428 419t S H X (lumens - ft )& 5 Al
7| JF5F =7 71(L1-1400, LI-COR, Inc)2 S5 4=x]|2}0] 3] 7 BAS Foto] =53 7HPFD, photon flux density) 2
H3SIATH Lee et al., 2005; Li et al., 2010). Z} ©]4] 4] %= mol photons m™ d )7} ~2(°C)-2 212 Y+t GLo
2 YRRl AR 5= 2020'A A EE o]4lo] o] £ St. 3 ~ St. 62] ZF o] 4] A FAIF O] A A4 =4l
245 AT =2 #74F AllA|(Odyssey Conductivity/Temperature Logger) & A x|o1oq 1580ttt AL =8 SAoto] LHot
Ht F e (psu) = ARFSIIT F-7d shEFQI whelj o] A= | AR A 2 A o] Al |0 A== ol o] &
ol(cm)E &5 (n=4) Bt-gto 2 YRt ZAF A 92 TESHEEL 20198 9 6 1358 «“H & 1} 9e22d 178
“Bhup, 202019 8E 25 82 “HFH|”, 9 2 97 “molAP* i} 9H 7 102 “SPo|im o2 ZARA| g wED T o] HiF
W= 71447 A= (http://'www.weather.go. kr/weather/typoon/typhoon_06 01.jsp)E Z-8-5IITCH Table 2)

2.3 0|4} Ho{2|Zh =A}
o4 A2 transplants) 2] Y= Z} o] A] A4 0] FAh 2ol 'g425 cm x 25 cm) Wol| A Alok= BE 9%
Z](vegetative shoot)2} SEA|(flowering shoot)2] 7H7<ﬂ = 24519 0 H(n=4), TIHAT A8 T (shoots m?) = LHEF
Ark A o] 27] AYES-2 7} oA FholA R 02 ZX7 A o] WertS7tshr] Ao XA A& S5
Slo(n=4) B-2-&(%) = HEFH It (Park and Lee, 2007). ©]4] AHEE] Wi F7ha-2 AR O = o] A5t Amz|d
O] AUuFA 1 271740 2 B V= =(Park et al., 2009; Li et al., 2010) 371€ F2} oA 2]o]lx] 4 A1 o] Azt 1070 &, 2}
o] 4] Zarof] AERY MAIE S7510 (n=4) WE-E(%) = HEFH AT

Table 2. Typhoons passed through the study sites during the survey period

Name Date Central pressure (hPa) Wind speed (m/s) Intensity Category
LINGLING 20190906 940 60 Very Strong
TAPAH 20190922 975 35 Strong
BAVI 20200825 950 50 Very Strong
MAYSAK 20200902 935 65 Very Strong
HAISHEN 20200907 910 70 Super Strong

Data source : Korea Meteorological Administration
http://www.weather.go.kr/weather/typoon/typhoon_06 01.jsp
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Avfele] FelH 54 ZAE Sloh o 2AL A 0] A 4 9 F, 9 ho], Y2 F, G
Z5t](n=6-15) ko2 LRI 9] S 92 912 285 RE Q0] £

120] H(mm), 9 Aol @ ATE 9 AR Zolem)S S5 B2 FS G20 7K 3L F0] FHmm),
2 Zol= 2 shatel Al AEre] Zolem)S 245k, 714 Zol(emy 9 oo} iz Zo]o] go 2 FairkPark

etal.,2009; Li et al., 2010).

24 34 &M

A1 242 SPSS 10.15 01851910, L= S A1= Bat(mean) ¥ B AKSE) 2 UERI I A 24 2 =2t
=9] normality 2} homogeneity of variance S A5, wA41gko] f-2Iet 7%, ZF2} Turkey HSD (Honestly Significant
Difference)2} Duncan @] AR AZ-& A5ttt 87 891 =, 537, 42, A5, 74 mlefjo] o]} o]4] Zmjo] 1

-2 one-way ANOVAE ©]-gsto] Ao}

el EA47 HUE 5712 two-way ANOVAS o] 83191, 2 40| &g
et 7h o] g 2917} of 4] ] o] S, o F3} 7iA] ol o A g2 ol A 242 ol-85te] WISt
pis
3.2 &
3.14=5 83
o1& 40| YL AP Z]utet Fol]t 210 (p<0.001)7F LHERG O H, BE A4of A o]l HTghe BT 71 o]

% F43| 745 tHFig. 2a). AP |7F Bt 535S 23.6+6.5 mol photon m?d 0], St. 19[4 27.6+2.4 mol
photon m2d'=2 7} =Qk1, St. 4014 18.1+2.2 mol photon m?d' 2 7 Wkt L% ZARAZ ot} {-olh Zjo]
(p<0.001)7F YEFE O W, ZAPFA— =& FOIRE 210](p<0.01)E X HTHFig. 2b). A IZF Bt 422 18.2+4.6°C01 ]
I, BHE oA o] & FTlste] ofFofl HthE Kol A Re] Ueith EB+ 22 St. 20114 2019 1€
14.4+0.2°CE A7} 2019 8Y 23.940.1°CE Z|tizto] Uehdth zF 4o QEE A 7alt} {25t zlo]
(p<0.001)7} UFERto ™, ZARAHR T §-0J5 2}0](p<0.001)E HTKFig. 2¢). ZAP |7t Bt GH-230.9+7.5 psu©|
9.0, St. 3014 29.6+0.1 psu 7P 2L, St. 60141 31.4+0.2 psu 713 =)t

w4 ol ZAFEAE A7 Frolet 20| (p<0.001)E UEFH ITh(Fig. 3). 2 40 nhefl A2 St. 13 St. 20
ME=20198-2 59, St. 3, St. 49} St. 5914120201 3, St. 6°14=202019 4 DHE] AZFE| QI St. 3 ~ St. 62] w4
o]t 4-2.0] 2719} §H| oA = ZTRS W G0 H(Table 3), AP A whef|o] o] =2 =0]1=2020 69 St. 30]1A4]
36.3+5.1 em= 7Y =107, 2019'H 69 St. 10]14] 8.0+0.8 cm 2 7 WAt

3.2 O] A= |2

o] A AL o] BB = ZAFFAE A7 {008 210 (p<0.001)7H B TH(Fig. 4). B oA Aol 4] FgA|o] &
T oA A9 RE B 2F B FA6] S7Ietom, Xt GUA] W= St. 1914 20199 79 344.0+37.2 shtm™ 2
7V =981, St.40l4] 20209 49 132.0+13.7 sht m22 71 YOITH(Fig. 4a). 3= RE ZARGAO|A Hol Z@ste] o
Sof getsial.om, o] ShA] W= st 1914 20199 49 32.046.5 sht m= 2 7P =9k 31, St. 337} St. 40114 202014 393
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50

—e— St. 1

40

30 -

20 4

Ulvoid canopy height (cm)

JFMAMJJASO JFMAMJJASO
2019 2020

Fig. 3. Changes in Ulvacanopy height at the transplanted sites.



o1Fe 9| / AlF AF A S FH W AviET v Reke Rt A3 o4 - 349

500
da
400 -
k]
2
a 300 -
[
=
®
o 200 4
(=21
(1]
>
100 -
0 s e B o I B Ee e e e B B B e o IS a2
JFMAMJJASO JFMAMJJASO
2019 2020
50
b —e— St
—(0— St
40 - —¥— St

Density ( shtm™)
Flowering shoot

e .
JFMAMJJASDO
2019 2020

500

400 -

300 -

200 -

Total shoot

100 -

JFMAMJ JASO JFMAMJ JASDO
2019 2020

Fig. 4. Changes in the densities of vegetative (a), flowering (b), and total shoots (c) from each transplanted site.

49 12.0+7.7 sht m™>2 71 WUkth(Fig. 4b). o4 A 2|ge] UL = Bof| F25] 5715t & of 5 o] & ZhAsir 71
of| 22 Z7Iol= Zd3o] vebgth A AR F o) AU L= St 1914 20191 79 356.0.0+38.3 sht m™>2 7Fg =3k,
St.4°ll4 20201 4 140.0£13.7 sht m> & 7P W chFig. 4c).

o] A AL o] BEa-2 FAPgAf whet-F-o]eh 2o |7 HERAA] QRO H(p=0.984), W= Aol 4] TRSE o] 4] A
7t 27| §4 glo] A AESIGITh(Fig. 5a). oA AT 37[hxt 107119 9] Wi F7ha-2 ARG Aol whet f-of5t
2}0](p<0.001)7} HERFTHFig. 5b). o]4] 2 o] 3709 & it Wi S7F2-2 191.0£26.4%2, St. 19114 300.0£67.7%=
7P =L St 5olA] 112.520.8%=2 7FF Roith 10709 $9] Hd Uk 37HE2 205.2442.7%°] )L, St. 10]14]
312.5+66.8%= 7P =L O St. 49} St. 50ll4= o] 4] F]7} 20209 8 B F-9] FFo= BT AR
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o|2] ] o] el B4 =, of 4, A a9 F, & Ao, o Holeh /A Hol= ZAF A A7 ozt 2o
(p<0.001)7} LFEFSTH(Fig. 6). ©]4] &m]o] Hot o 5.8+0.171 0112, St. 69114 6.3:0.2702 718 HkAL, St. 20114
5.3+0.37]= 7Fg 21 THFig. 6a). A1 7iA| 0] Ht G Za} o] Z27F7F6.140.2 mmI}t 6.0+0.1 mmE, St. 45 A 2J3t &
= gaolA o] & 27l do] st A F7IstA) Bt G FaF o F-2 St 1014 242} 6.8+0.2 mm2} 6.5+0.2 mmE
7P WA, St. 4014 242} 5.7+0.2 mm@} 5.7+0.2 mm=E 7P EUATH(Fig. 6b, ¢). o124 F o] Hat A= dolet o dol=
Z}7} 8.340.1 em®} 31.7+1.0 em=, 4] 27]7HA] Attt & Z7ekginh. Bt d& dolet o Aol St 304 22t
8.8+0.8 cm®} 35.6+4.3 cm= 7 A1, St. 40f|4] 7.8+0.6 cm®}29.1+2.3 cmZ 7FA A THFig. 6d, e). 2] o] <t 7H
A Aot=39.9+1.1 emO|Ql1, ©]4] T 2717 AR5 Z71519. 01, St. 3014 44.4+5.1 cm=Z 7 A1, St. 40114
36.9+2.8 cm= 7 BRI Th(Fig. 6f).

4. E &

o|AlE Fml o] 7] &G SH = Fn) o]2] 0] F oAHE FReoh= 523t QIxfo|th(Davis and Short, 1997; Paling et
al., 2001), 2] o] Aol A] 27] A Bo] BHRlA] Bohe o] A9 0|25 T, 5] 5157} o] 41A]0] HHeHA
2513 405 A eIk o) Tuke olRlolN MRS Aal 27 2, AlalAat wal} ekt HAze) 42
Of 28 ZX|5 dAdste] WS S7HAZIthPark and Lee, 2007; Park et al., 2009, 2011). FAFH-S 7171 2] = o] 4]
S 71okol oFA st /Jxﬂ tﬂ-lzﬂ__i o]/q 01.010]: _n/q o} H]—ng].oq }_7] /\g_/‘,":_%,g kel o] e 01

=] L
o} & - AR 67]9] Aol oA E AT S-St oA 271 9 A Qlo] w2 AT Hol




ol 9] / A AFHAISBA T R AL ok B UL S G o] + 351

a d
g 12
@ E
S 7 s
2 £ 10
G =]
. 8 s
1]
5 5 2
z 7
i 6
N — e —
JFMAMJJASO JFMAMJJASO JEMAMJJASO JFMAMJJASO
2019 2020 2019 2020
8.5 60
e
8.0
= e 50
E I -
E =
z 70 = 40
=] B
3 6.5 2
2 S
S 6.0 = 30
2 5
n 55
20
5.0
45 10—
JFMAMJJASO JFMAMJJASO JFMAMJJASO JFMAMJJASO
2019 2020 2019 2020
8.0 70
C f
7.5 60
= 7.0 E
6.5 =
=
5 < 40
2 6.0 =
] Q
3 S 30
3 55 I
5.0 20
a5 10—
JFMAMJJASO JEMAMJJASO JEFMAMJJASO JFMAMJJASO
2019 2020 2019 2020

Fig. 6. Changes in morphological characteristics of Zostera marina L. at each transplanted site. Number of leaves (a), sheath
width (b), sheath length (c), leaf width (d), leaf length (e), and shoot height (f).
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Table 3. Pearson's correlation analysis results (two-tailed) for underwater irradiance (Ul), water temperature (WT), Salinity
(SAL), Ulva canopy height (UL), shoot density (SD), leaf width (LW), shoot height (SH)

Ul WT SAL UL SD LW SH
Ul - 0.747 ND - 0.077 - 0341 - 0.524 - 0.499 Ul
WT - 0.386 ND 0.599 0.450 0.675 0.601 WT
SAL ND ND ND ND ND ND SAL
St.1 UL 0.295 0.642 ND - 0.076 0.274 0.218 UL St2
SD 0.720 0.891 * ND 0.545 0.561 0.270 SD
Lw 0.475 0.617 ND 0.174 0.555 0.889 ** LW
SH 0.091 0.652 ND 0.103 0.455 0.715 SH
Ul 0.216 - 0.147 0.232 0.678 - 0.838 * - 0.858 Ul
WT 0.241 - 0.534 0.861 * 0.570 - 0.606 - 0456 WT
SAL 0.253 0.033 - 0.257 - 0.163 0.158 0.194 SAL
St.3 UL 0.458 0905 * - 0.638 0.801 - 0573 - 0489 UL St4
SD 0.642 0.744 - 0.484 0.889 * - 0840 * - 0.686 SD
LW - 0279 0.552 - 0577 0.187 - 0.048 0.707 LW
SH - 0.138 0.853 ** - 0974 0.688 0.585 0.408 SH
Ul - 0461 0.472 - 0516 0.127 - 0332 - 0.220 ul
WT 0.468 - 0.719 0.949 ** 0.705 0.128 0.478 WT
SAL - 0.200 - 0.857 * - 0.615 - 0.804 - 0.355 - 0.013 SAL
St.5 UL 0.729 0.809 * - 0.697 0.485 0.110 0.357 UL St6
SD 0.522 0.882 ** - 0.869 * 0.806 0.581 0.495 SD
LW - 0524 - 0.025 - 0.079 0.044 - 0.121 0.445 LW
SH - 0.561 - 0.183 0.267 - 0.407 - 0.178 0.536 SH

ND No data, *p <0.05, **p<0.01
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