Korean J. Environ. Biol.

30(1) : 47~53 (2012)

e

7] 7= 2] % (Zostera caespitosa) | 3 €l

=1

=
._./%] =)

=

kg el W

Hlz] o)* . B]—;(HO:] .

1o | =

s FA e Ed T4

Changes in Morphological Characteristics and Productivity
of Zostera caespitosa Transplants

Jung-Im Park*, Jae Yeong Park, Kun-Seop Lee! and Min Ho Son

Marine Eco-Technology Institute, Busan 608-830, Korea
Department of Biological Sciences, Pusan National University, Busan 609-735, Korea

Abstract — To evaluate adaptation success of Zostera caespitosa transplants, we transplanted the
seagrass shoots at the bare area in close proximity to the donor bed using staple method in Octo-
ber 2005. Shoot density, morphological characteristics and leaf productivity of transplants and
reference plants in the vicinity of the planting site were monitored monthly for 2 years. While
shoot density of reference plants exhibited significant seasonal variations; increasing during spring
and summer and decreasing during fall and winter, that of transplants increased consistently
without initial loss during the whole study period. Although sheath length, leaf width and shoot
height and weight of sheath, leaf and shoot of transplants were smaller than those of reference
plants at the start of transplantation, increased rapidly reaching even higher values than those of
reference plants 5 months after transplantation. Leaf productivity of transplants and reference
plants showed seasonal variations; increasing during spring and summer and decreasing during
fall and winter. But, leaf productivity of transplantsincreased at the beginning of transplantation
during fall which islow production period. All of the Z. caespitosa transplants survived during the
whole study period. Rapid changes in shoot mor phology and growth of transplants indicated that
Z. caespitosa transplants had great morphological plasticity and adapted successfully within 5

months.
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A MAAE dgke] dARAEE Felar, BTk
AL F7H7IH BAARE] 7)se FAlel LERS
(McRoy and McMillan 1977; Lee and Dunton 1999). %7]
A d A= ohFat sk ES] AR, 2efe]
A5 et MAAE A T2 A 4FE &
8)3}3 ¢)c} (Vaentine and Heck 1999). 721y}
vt M wiE, A FA43 3okt 5o A
Ml gloz <ghe] W AIAAA| 9 FEe] B
Ha oda, AvAAAe] Ay Feddel AAEHHA
ol Elsle= A el s A = (Pak
and Lee 2007; Lee and Park 2008). 721} dj3ie] =ty
AR Bhe A g MawAe Al Aved
(Zostera marina)& WiAtoz o]Folxh x, | AW
o] ol Aal® A7} glek

A28 A A 3B 7] Azke] A
efoe 44 o|How agdos FuAAE ¥
A& 4 gl (Fonseca et al. 1994, 1998). Al g4 el A{4]
Aude AL AE AT ol whEe Ag
o] M3 o4 42F Aes) o} (Short et al. 2002,
Park and Lee 2007). <1 FA]ukel] A2l zh]o] o)A
chepst o)) WEel AuEle] fw, Aviwe) A
AAL A (staple method), o] 4] 7)o] 8- (TERFS method),
o) 2+71 ) (shell method) o] $-elutelelx 245
o gtom, 1 F AxwAES thF HARAGN =
33Fel ¥ WHoz HrkHw gl (Pak and Lee
2007). ol A2 AAAME 22T W, =% st
4 5o B B A BN §F 5L
e 3te] ghedkgte} (Short et al. 2002). o] A ZFof|= 7]
Moz YEg, et Jeht 4 54 5 245}
o NE A AEEH A 5 H7heh} (Fonsecaet
al. 1998). St = HT o] A5 Arfue] 4%
3 Agel HE AFE W oFeiyort(d B
2009, 2011; Li and Lee 2010), £7] Aw g 2te] o] 4] Al
b glel # AFlME Augyos QA2 A %7
Avleld 2ol EAshe Add] L7)AM T o4
S [e]

=
B % olalgl wolAmee] YaAw Aee ouy

do do
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9% olei FAE AEahe AN Ang
Agsta sl o487 AAA Felshe HHE
AomA 27) ol 2R3 249 I¥st £4HE
ZEA AT WA Aok o)AT o4 AEdae o4w
AAe) Q2] Aoht F & FaA7IE FehHal Wt

v Aol A 5& 2Hs|E ska, HEgk o)A
rEH2E A7) N2 Fadl AFsr] A YA
oz 35ex] Kot AEE A= d

(Phillips and Lewis 1983; Martins et al. 2005; Park and Lee
2007). 7o) oshs) At 3] A b e 2ol xZ
sl Ave Jud We noEoh 53, 94 FL g
3 2Ed2E Uehe Azz AbgEe] g, 2o
oy zEdzz o Fe| Zast: Aol BusHgin
(Meinesz et al. 1993; ¥} % 2009; Li and Lee 2010). ¥ <1
TolAME o|XE =AMt 84 A3 AEs)
7] S8 A =AM L= o|Al®l 27w e
T e W=, e SAd3 AJA e wEks 24zt
ZAPte] o] AE AW R FAAHLHE Al
Boket o] Age AR MAA] Bl Fe
g 7|2 B E AT Aol

i}

ME o Y

1 Z7) A% o]

w3z A A7 FEsa de Adeln
(Fig. 1). Avelge 239 3E FF 4 oF 25me]
z3} 72 Yepde, 2 AR FF 4 < 3m 7t
A Zr|AME D Fee] AbAls] 9lv 20059 104, At
Aste] Fxshs 71T F2E A sk on, A
A Z7) AW DN A3 2gE A A s
ok Gze} Qo o]Foixl e A2 T o
Hlgh alel wiglole 21w 2= Aleldl &
4 & AAuAgor SCUBAE o 43te] o]2]39]

=

oh oA Al =AM 27024 & <oF 30cm 2+
o2 Pxo ol FEE A HAH(He] 30cm, AF
20mm)2 1A ske] A3} ). o] 259 (planting unit)
T Imx1imz, & &4 o|Aw$|E AT
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Fig. 1. Study sitein Koje Bay on the southern coast of Korea
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Z71A T ZFAte] 9] o] A FE Al 2=
Al (HOBO-Light Intensity, Onset Computer, USA)S A %]
ste] w) 15¢wi % FFe A5 HOBO 2=
Az ZAE A (umensft 2= F A7l #3547] (LI-
1400, LI-COR, Inc) 2 &A%l 4% ¢}2] 3|HRAS E3)
o photon flux density (PFD, mol photons m—2 sec'!) 2
Foted A1 FFow e gish 22Ad 245
Al A% 427 (HOBO RH Temp Light External, Onset
Computer, USA)Z. v 158 71Ho = $£2&
oy, ZA|7F HFegor yeR¢ld (Li and Lee
2010; Li et al. 2010).

dse HAE T340 A% wE HAEe 57
2 gere 248)7] $18) 2005 109 7 40H ) AE
< AFA3AH. sl 150mLe] AlsHE o] 4319,
EAEL ofFE FHof (Ud7ﬂ 9cmx =o| 13cm)z A
F ofolzmf o] wAkste] AY

=x5}19]

3
& AR LY F

Az 01%%}aiv‘r Hret BHE FI5] dEEd A
Al olAAaled, ¢lAlYe] rl ERFAmH o =x
s}gir:}(Parsonset al. 1984; 3l FAkE- 2005). B2 & ¥
T4 8,000rpmel|A] 2087+ AR 3 & FI4E
A F EAMIe HHEL] f7E FHS AEE

110°Cel 48417+ A= F FAE 24 F, 550°Cell A
147} 33ste] 47188 AAT F dAzdes 245
Sk (3l F4-AL - 2008).

3. Z7|Awe R 2E, Yot A

o2 Zr)Ame| e (o)A F)e] W o AR 1m
x1me] JPUYTE Aol Hz )9S )Y
Ratgom, ol F 278 2kt (n=4). Q2
2 AN S (A7) YEt 2Ased Adshe
A A 1mx 1mel Py she a4
o)z ol 4Tl FAG A7l Asste] wejmAY
£ = (shoots m2) 2 el gio} (n=4).

e S4E 2] S8 Wezatsh $AT A
7ol o)Al Fsh Aol Al 27k 2o\ AR LE A
of ofolzuf el Wolsh APA= o5 F ZEi B
o ZATrel Ak Gz Aol (am), & F(mm)} A3
(M =35k 9= FA @@ L @ AAF
A@F AFFoz vepl e (1=4~10)

A4 Fsh 2T w7)AReI L 9 S EY
ok #gol she FAbbeg ol gt 7 % g 3
o DhY F ARste] A= Ak %i— 2
AEFE 24 F 9 AT A4 J(mg DW sht*

F

il

o ol H:l r& A

T~

DY)g =A3tdtt(n=4~10). o] ol 7 YKL =S
wate] w9 A (9 DW m2D )& AAks)
At (n=4~10)

4. SAEH

2]
,Jr AYALA] o normalltysz} homogene|ty of variance= 73
g F two- ayANOVAE o]43le] BAMFIG]on, A

kel fe 732, Turkey HSD (Honestly Significant

Difference) & O]%a}oq 7} 2eo] $9AL HA=slg)
AR SASVLE olgatgon], wE
T (mean)3}h 2793} (SE)= vhehfigieh.

24 7(]__ AF]

x 7 7uM, 477uM=} 1.15uM o)l 3, 54
0] 97 = 77}t 161.19uM, 476 uMZ} 6.78uM o]
7% e 22%=2 2AME Qe (Table 1).

2. 27| AV R A, e 54} Aaae]
HE

WETsh ol 4Fe] W 2APIE B £
o] (F=235, P<0001)& vehigl o], o] 7o
27] W= gHavh vehdA shobeh 2T WE

Bol F715ha Fhe Agel ashe TR A4
& 5ol W oA TE A4Hoe Zrleee

¥ gl 2 37hge) Atk AxTe FEUws
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Table 1. Mean values of physical and chemical parameters of study

site
Parameters Mean+ SE

Underwater irradiance (mol photons m=2d-1) 28.02+0.69
Water temperature (°C) 16.45+0.21
Water column nutrients (LM)

NH4* 5.17+0.85

NO3; +NO;" 4.77+0.47

PO+ 1.15+0.09
Sediment pore water nutrients (uM)

NHa4* 161.19+10.86

NOs +NO,>- 476+1.73

PO+ 6.78+2.89
Sediment organic (%) 2.20+0.14
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Fig. 2. Changes in shoot density of transplants and reference plants
after transplantation from October 2005 to November 2007.
Vertica error bars show the standard error of measured val-
ues.

160.2 shoots m2¢] 37, 20061 2l Z 43} (111.0 shoots
m-2)z} 20071 8«el = hzk(242.5shoots m2)& W3
o} o)A o] 7| AMe e 2shootsm 2] WEF o
AlE)el 3, 21 3 139.0shoots m22 ¢F 4.3u)] o] Ak
712 el gl o, W=7 (167.8 shoots m2) B rh=
ket (Fig. 2).

AE Aol RAPIZE Fot dE2T9) o]AF Aol
o]t zhe] (F=16.0, P<0.001)5 Jepfiglon, & o
Bol F745h3 7he Agel gashe T AL A%

o] thebsteh. o4 F2] Gz Aol a9 Bt

—_

AL ofN

o4

o

HxTHo HA3] @k, o] FHE F 718k 2
o, o] Al e} 2T i & ZHeol: 77 1586cm
o} 15.62cmel it (Fig. 3A). & F= 79} o] el
Al freld zbe] (F=15.7, P<0.001)E dehfisler, &
of ol F7lsta 7hE AL Fashs AE JER
At o] A 2] &l FL2 o)A 2o TRy AT
Zhassle] 2006W 1ol #AE veliur) oA 570Y
FHE Hx2 dx2T7o FARIAY) AEEE o, P
d F2 oA F9t dz2FoIA 242 6.7mm ¢ 6.6mme]
Ak (Fig. 3B). AA= =72} oA F Atelo] f2]3t
Z}o] (F=27.3, P<0.001) & el et o] A -2 A A2
ol 27] ETret dX3) e Fhe Wl of 3
4 F Hx=2 FARIRS 27 AR 20079 8¢
o )%k (103.9cm)3} 20054 11 # A7k (55.9cm)
< vEp o, o] A9 AAFS 20051 12 FH A3k
(50.0cm)} 2007 4ol Z w5k (100.8cm)S e A
o} (Fig. 30).

qx A= dzTet o]HFelA R Aol (F=

26.4, P<0.001)7} Ay Etgl om, F oI Foll F7Ista 7}
< Aol Fade A AE vehiddn oA
AxFAE oA 27| dxFRY A3 Hdgtor} of
5L ERE FA3 =r}ste] 20079 8¥e] oz
(0639)& deht A=+ (05998 =5 34 (Fig.
3D). 4 FA= 2T oA FelA FeJd Aol (F=
19.6, P<0.001)7} Ay std om, & o5l F7bsta 7}
S ALl Fashe A AdE Jehisdeh o)A 12
A FAE oA 27 TR A3 Ut of 5
Yol AFstwAM 2T} fAbs o 20079 8ol
Hd 3t (1.150)& He] dx=7(L10g)8 =F 3o
(Fig. 3B). /HAl FA= HzT9} o] FeA f2o3t A}
o] (F=24.9, P<0.001)7} hAslgl o, 2 oJ 2o =7}
3 74 ALl it A" A3E YEligld o
AT AA FAE oA F AHL7A HETrg &
3] wlgkom, oF 5/fY FRE fARIAZ] A2
37,2007 8o 7k (1.7809)S B} (Fig. 3F).
AL o A E 2=APIZE FoF A E2Te} o)A
oA g8k x}o] (F=32.7, P<0.001)7} "rasle]e
B o gl F7Isla 7HE ALl Frasle A" A
Bk 2AF 7] dx27o] A o A FHast
d Blsl o] Ale) A Ao AL HETF R A
3] vokont of INY FRE FH3] st =T
s} AR 7] Al teked o, 1270 o) AsbHA W 2T
B} Fobx 20074 44 293k (30.56mg DW sht'1 DY)
< Bd(Fig. 4A). AlFvEg o A= A2
T HE2Te o)A FellA f23k Abe] (F=93.9, P<
0.001)7} Ay st om, & oJFel F7l8ln 7HE AL
o Ztadhe AA ks Boldh o
o Z7ketar 7H&
weld wlal], o] A Fo M= oA 279 71 AL F
o= MM FIEA L, B gl F43] sk
ZANZE Feke] AFulEe Hd d A dx2T
(5.22g DW m=2 D YojjA] ]2 (3.35g DW m2D
o}t =34t (Fig. 4B).
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Fig. 3. Changes in morphological characteristics of transplants and reference plants after transplantation from October 2005 to November
2007. Sheath length (A), leaf width (B), shoot height (C), sheath weight (D), leaf weight (E) and shoot weight (F). Vertical error bars

show the standard error of measured values.

Z7)o FAFHAG AASA] Fahar Abste] w2 A
£8% YehA "o (Park and Lee 2007). 221} 2 A
oA oAl " T AL 7]l = A L] FAlo
WAEA] okokar, Ak =AM T FelM AH A
oz Wert s Al7ldl= 238 AMA3F] F7}
st o)A dz7e] 2w D] ¥ dER
MAEEA A Atelell Azl Ao gL F
Wt ojekde] AAe] WAyt wls, o] Ao £7]A

3o
e 2 =
o} (Li and Lee 2010; Li et al. 2010). =3t H A1
271 AmM B ool 43 B8P F UeE
o Zk.

oAE Av)e) Aee Ak sl Fet o4 )
ol mebd Aholzh AT Arlel e viwy whe
A48r\e olx Fow AEEF Yoy SHow
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Fig. 4. Changes in leaf productivity of transplants and reference
plants after transplantation from November 2005 to Novem-
ber 2007. Shoot leaf production (A) and areal leaf produc-
tion (B). Vertica error bars show the standard error of mea-
sured values.

1~-5049] AARAHS7|7HE Ledh=d vs] ghiltel] F

Zake] A8k Almlek (Phyllospadix japonicus) ] 73
< oF 10~127H%Q Ae717+e ez 3o (Park and
Lee 2007, 2010; ¥+ 5 2009, 2011; Li and Lee 2010; Li et
al. 2010). Fd 3t Hﬂiﬂ“‘ﬂl*t_ Al o2 o]
= A9 Hg77be] HAFA ol o] Awk o] S K
o} #7 B35 3 3o} (Park and Lee 2007). & A3 ] %
1AM R A9 A 54 Wz LeFE A
5717k oF 57Héi FTLE o)A Wy (ARA ) S
AHEEE AwEERg 2g 21 Azte] A9 F o (Pak
and Lee 2007; ¥} 5 2009, 2011; Li and Lee 2010; Li et al.
2010). A e]AeME 3~5ujH o] A Ae =23
g ANAE oA sk, o] W oAl AmE JHAE
28174l AAdH wpEES o] 43t wlwA T 7
ZE W oA AEHA % ﬂ%z} T e Aoz 34
15]

o} (Li and Lee 2010; al. 2010). 23} o]A® =7
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