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Seasonal Variation Characteristics of Zostera marina L. in HAENAM SAGUMI on the Southern Coast
of Korea. Ok, Jae Seung, Sang Yong Lee'”, Kyung Hoon Shin and Hi Joong Kim (Department of
Earth and Marine Sciences, Hanyang University, Ansan 425-791, Korea; ‘National Fisheries
Research & Development Institute, Mokpo 530-831, Korea)

Abstract - This ecological study was conducted to analyze seasonal variation characteristics of Zostera
marina at HAENAM SAGUMI on the Southern Coast of Korea. Environmental characteristics, plant
morphological characteristics, shoot density, biomass, and leaf production were monitored from August 2008
to March 2011. Zostera marina occurred in the subtidal zone from 0 to 2.5m below the mean low water level.
Water temperature showed a clear annua pattern, with increase in spring and summer, and decreases in fall
and winter. Irradiance showed seasonal variation, even though daily weather condition has short-term variation
in the incident irradiation. Plant morphological characteristics, shoot density, biomass, and leaf production
showed clear seasonal variation. Seasonal variation in the above biomass of Zostera marina was mainly
caused by changes in shoot length. We found that there are correlations between environmental characteristics
(water temperature, irradiation) and the growth of Zostera marina. Thereis stronger correlation between water
temperature and the growth of Zostera marina, compared to the correlation between irradiation and the growth
of Zostera marina. In particular, the growth of Zostera marina is inhibited by both higher and lower water

temperature.
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8 % (seagrass) = % A3 EL 3 FRrE A AA
o] 124 58%o| Zx)3k} (Tomlinson, 1982; Kuo and
McComb, 1989; Huh 1998). 2tj] #dgkel] &3l 9l
w223} (Zosteraceae) e 7w 2| w4 (Zostera)>- Al
AA o=z 11%F¢] E =zl (Den Hartog, 1970; Kwon,
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2002), ko] ARSI Avie R A A
(Zostera marina L.), <+ 22 (Z. asiatica Miki), 471
w22 (Z. caulescens Miki), 7] 4™ ]2 (Z. caespitosa
Miki)3} off 7] A= =] 2 (Z. japonica Aschers and Graghn)
T 5%o] A&3tx ¢luk (Miki, 1932, 1933; Shin and
Choi, 1998; Lee, 2001).

gkl 2P sAE FEAEQ] A E4 (Zos
tera)el] ©3t 1= Nakai (1911)7} A =]Z (Zostera
marina L.)& ®3to g Ajzt=Eg] on], Miki (1932,
1933)] <J3) % 7Sk YA Heom $RAY AT
9} Bx7} B3 =gl (Kwon, 2002).

Seluehu 94 szel Hg ATt o)l 9
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Fo M Sl 2o EE, AA HE, AR /A 5
of g W dF7F EasEe] 9l (Bulthuis, 1987,
Fonseca and Kenworthy, 1987; Short, 1987; Talbot and
Bate, 1987; Hanekom and Baird, 1988; Duarte, 1991;
Jagtap, 1991; Adams et al., 1992; Adams and Talbot,
1992; Perez-Llorens and Niell, 1993). $-2jvell A = F
T sz dg e @) o) olA T ek # 2o
AR g A7E Leeetal (2002)9] ojz] A7
7} BaiEle] 9lor}(Leeet al., 2003; Lee et al., 2005b;
Lee, 2008), A1gel AF- ARl Azt AFolv] An
2ahe AAA) e el chekal B4e) vehtoz
o Ao Mol B ekt ATk Deg A4
oJe}.

ks dedel A4Sk slx £ AveRe g
o] BxFe] gl Folv), flo] L W3t H & Fo
270 2ol YAl LEshe Folok
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Fig. 1. Geographical location of the study area. Location of the Sagumi beach on the southern coast of Korea. Distribution of different

seagrasses in the Sagumi beach.
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3 Qe Ak g $40 Faelel A7e gt
(34°19'11"N, 126° 34°21"E) o]t} A 7n] = a)e] whiz
HhgolA] o2 skm ol Fol $1X% skel.

Abm] ddell A Am ] (Zostera marina L) s}
Bz RE 2T 44 25m7kA] gFE 24
= pxad,

2) A7

st Al Qdgtel Fxal Anelwe) gawe)
e, Aue, 9 WAL shelelm, A7l wakE
v)mal7] $1ste] 20084 89 ~20114d 9U7A 2A}e
oAk

2. 2218 a3l

ANzA9) 48wl AFe AT Ay 240 9]
2= A1 A4] quantum sensor (L1-192S) ¢} data log-
ger (Li-Cor; Lincoln, NE, USA)Z o]-g3}e] n] 5% 7
Aoz 2Asech 248 422 JAFFoeoz 1}

sl en, gz S5 £ (Lumens ft)e 8
F 5 3 el O ARG (ol m? day oz
debsieh.

3. feEjxel 53

AP W] wE Wede 54 Tase A
gl 1070A1 8 A EAE AAsted Qo] &, A ZHol,
Az Zol, d ZHo|, & vn|, A5 wie] ZHo|, 2517
YulE SAskTE AA Heloh = Aole 44 AR
AMEE 7P 71 919 B2 42 2550 Aol
= 2xsgon, A e 7 7 Qo) Julz =7
shodeh

A2 (Zogeramarina L.) o] AJ$w == u}3] (35
cmx 35cm)E AH8-3ked Ao A3 (o3 A, A
AR 9} 22])2 A 3w o) AAFES} A]ERE (R
a7 ma))e] mE AAe A)5ke]c} (Harrison, 1982).
Azl AEF bl Hast A5y 7F ASA]
A 33) AR she] B4k AR NES o] §3led
2AAEs) HAES AAT F ALRe AR 3
2 3le] 60°Cell | FAI7}F U% z} rLHW] AxAZ 7
Zke] B ZAste] MY P2 (gDW m e
2 vepisieh

oF HoE|E AREY 515

AR Q9] AR sl deE ks

£ AHA s}

29 e NG 99 ARE= (em? shoot d D)

ZAH A AEA L] S AEF, HH,
o QYA =R Alz= 97+ SE (standard error)3fo.2
vehQlen, Aks EA3} SAH < A2 SPSS(ver.
18)9] ==z 3S o] g3le] Y3}t

BE A= ¥ (mean) £ F X} (SE)Z el
o BAEN A mE Az AFA (normaity)3} S5
AFA] (homogeneity of variance)S 734 3t ch.

EFA2E A7) (D) AEAHQ v S 2 ¥
3o =g vehlo] Fo.

A7) 249 A=) A7P49) WS- one-way

ANOVAE AAsle] fo14€ asignt. w3, 29
A3l B 2sle] Aol mIAE daE shetsi] 9]
she] AR S Salsiole

zd EI.

1. 22|50l #7140l
s Ab7m] Ak o3} 7)) Wl wake A
WEg Bl on (P<0.001; Table 1), 23} of ol 27}
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Fig. 2. Seasonal changes of water temperature and air temperature
a Samumi coast from January 2009 to December 2011.
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Table 1. Seasonal values of water temperature/irradiance/temperature at Haenam Sagumi coast, Korea, between January 2009 to

December 2011.

Biological characteristics

One-way ANOVA results

Mean+ SE df MS Fratio Pvalue
Water temperature (°C) 14.75+0.17 36 951.130 719.270 <0.001
Photosynthetic photon flux density 0.441+0.023 36 2.509 5.170 <0.001
(irradiance, mol quantam™“d ™)
Temperature (°C) 13.78+0.26 40 2,413.096 270.903 <0.001
=t : L o
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Fig. 3. Seasonal changes of photosynthetic photon flux density
(PPFD) and total PPFD at Sagumi coast from January 2009
to December 2011.

3k, 7FE 3 ALl FFastdd (Fig. 2). 423 7]&9]
Hal= fojst AFRA (r=0.950, P<0.01)& H9lo
Wsle] Zo 7] o] o] FA Jepton, 53] 20114
196)= g9 7)) —6.2°CE vf$ ¥} 7]20] L}
Pl 20 el 2011y 14 44°C= 71 o
ok, 2009y 8Ye) 26.1°C2 7}k =9kc).

s AbFE] A9t EREE PES AdHES
oo} (P<0.001; Table 1). 4532Fe] W3l 2A )
2} H3tE = Sl e ol WASE A4
SN, 5 5 714 0%74-4 W3tol] whet 72 Al7Ee] W
ol vebde (Fig. 3). & FA3 k> 20114 64
%2 856mol quantam ? day o2 FH 3 e Bk
94 o wA7ere] g 20114 64 (36.51mol m?)
o] 7} =17, 20104 12< (0.21mol m )] 7}AF &
e Hodh

FERFY] sk 2 o3t 9 wste) v 2
At ARJA 7} 9lor, 53] Ax47F s Az
47t &3 B wet &7k sl Az QA s
S Al QIR et fERE 24 Apo|r) e
(Fig. 4). == 387} & AlzHdel A z$7F A=
AR T2 F3 AFolH, 3|7t sl Alzbdel Az

78 9101121 23 4567 8 91011121
2010 2011

Fig. 4. Seasonal changes in timing of low tide(plot) and day leng-
th at Samumi coast from July 2010 to December 2011.

7} s e AL F2 /e AL Aoz et
o},
2. 7{H2|Y (Zostera marina)2| A|ZtH Hs}

1) Hef=el EF

71u1r1]“g(Zostera marina)e] =A}7)17F 3t =
el el SAES wE G| Azkel et v 52
gk A}e]7} A—t— oz FAEH (P<0.001).

9olo] 21 20089 9¢ 3.8+0.27/1= 7% A3, 2009
9 3¢Y 63102712 7 woktt (Fig. 5A). AA] o)
= 20119 19 385+19cm= 7}&F 3, 20114 74
202.5+7.1cm=z 7} Ao (Fig. 5B). %2 ZAo|x=
2011y 14 6.6+0.3cm= 7}4 #37, 20099 74 35.9
+11lcm=z 7}& Zo}(Fig. 5C). 219 Zo]= 20114 1
4 30.2+1.8cm= 7} #a, 201149 7Y 169.9+6.5
cmz 7} g (Fig. 5E). 919 4=, AA| Ao, °ﬂi9] z
o), Qo] ol FT ARH Wit nojor]
gl Z7teka hest Ag gastch WA Rel, 4
29 7o), 91e] Zoli 20114 19 vj$ e o] v}
ehtom, 2eldel $AeQF 48 (AT 4403

gkl
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Fig. 5. Seasonal changesin Zostera marina morphology: leaf number (A), shoot height (B), sheath length (C), leaf width (D), leaf length
(E), and rhizome diameter (F) at Sagumi coast site from August 2008 to September 2011 (means=+ SE).

71 (8%
Ll

o] vulE= 20119 149 6.0+02mm=z 7} =,
20084 84 13.4+0.3mm= 7}3 =} (Fig. 5D). 714
2 3 P 2 e Alg AR e 8~12
mmz. WHe}e] Fo] I ofrh AdA Wu 4

—6.2°C)o] wi-- A vebd A7)} dA]

WsAel A delgth 9] vrl= A AHel, o
Zol, 39| ZAoje} FUsA 2011 14 w$¢ e
Zkel vhebder.

A|8}4 2] vu]E= 2008 99 3.4+0.1mm= 713 2}
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Seasonal changes in Zostera marina shoot total density (A) and reproductive shoot density (B) at Sagumi coast site from August
2008 to September 2011 (means=+ SE).
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Seasonal changes in Zostera marina aboveground biomass (A) and belowground biomass (B) at Sagumi coast site from August
2008 to September 2011 (means=+ SE).

7t AL Ao Ao AEs $9E AF7HA AT A7leRE Yeb

Arielne] ehael BAES AA el o
o), Qo] vul, Qo] Aol 2 Q)

29 2 o(Fig. 6B).
z 2o A AR A Eeke 20084 8% 72.9+19.8g DW m2

7 7] &o] uj$ YA JeRd A]7] (20119 19)ol] Wi = 7B A3, 20104 64 403.7+93.09g DW m 2= 7}
G et w9 B et 7] AmEd 83 A g8k (Fig. 7A). T AANEE Yeplgle
73ell 27 geke nAE Aoz e 3 Aol F71stR Tt Agel A4

o) MeUEe MEH
A ] (Zostera marina) 2] AU =9} A

A& I 20109 3¢ 19.7+4.99g DW m 2=
744 A3, 20119 99 117.9+18.2g DW m 22 7}#

Who] e} wlo o] Fhol7h ol f n et} (Fig. 7B). A3l A B2 AA =l Hiluo

719]
Al kﬂiﬂo = 7o o},
A=) $) o} (P< 0.001). ZF 4 WFA el 2 Aoz Jehgt
A4 Qg 20009 119 544+144shootsm > 3) Yol A
2 7B A3, 20119 39 302.04+23.6 shoots m 22 A2 (Zostera marina)2] =A7)7F 9 =A

713

,

welh(Fig. 6A). F2lat Ad=el wshg ngle Ao e Azke] Wl wet vl o3 ol

Bl 27k ABNE ALAA gashadeh 44 9l Aoz $AH%EHP<0001),
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Fig. 8. Seasonal changesin Zostera marina productivity: leaf elongation (A), leaf production (B) at Sagumi coast site from August 2008

to September 2011 (means=+ SE).

Table 2. Pearson correlation coefficients for 8 characters (WT: water temperature, PPFD: photosynthetic photon flux density, Temp:
teperature, SH: shoot height, SD: shoot density, TB: total biomass, LE: leaf elongation, LP: leaf production).

WT PPFD Temp SH SD B LE
PPFD 0.114
Temp 0.950** 0.239
SH 0.624** —0.049 0.675**
SD —0.199 0.461* —0.040 —0.356
B 0.686** 0.074 0.790** 0.557** 0.278
LE 0.536** 0.273 0.631** 0.309 0.293 0.647**
LP 0.299 0.393* 0.343 0.061 0.536** 0.387* 0.464*

*, Different significantly at P<0.05; **, P<0.01

o] AMAr4x (leaf elongation):= 20101 29 25+
0.4cm shoot * dt= 7} Y, 2009y 12.0+2.0cm
shoot ' d™ = 714 =t} (Fig. 8A). alo] AAMA (leaf pro-
duction)-2 20104 2¢ 5.3+1.4mgshoot *d = 717}
Y7, 2011y 39 154.64+69.9mg shoot *d =2 713} =
o} (Fig. 8B). 42| AA&xse} oo Aad> A-dws}
£ vehislon, B3 o5 U8l 7} ALl

4) 221% BEL0Int0| AT

Ee1%Q) §7.2915} 7)nle] S (Zostera marina)e] A
A Aol AU, & QBT A AREE, 9 A4
Rte] ARAE B HA Dol 42 (r=0624,
p<0.01), 7]-& (r=0.675, p<0.01)7} 2|3k oke] Abzt
A BTk ASUES 553 (1=0461, p<0.05)}
O g AREE woTh B ABFS $8 (=
0.686, p< 0.01), 7] (r=0.790, p< 0.01)7} £-2]3F k2]
AR e Beleh 99 AREEE 48 (r=0536, p<

Table 3. Relationship between density, shoot height and above
biomass, total biomass of Zostera marina at Haenam
Sagumi coast, Korea, between December 2008 and Sep-
tember 2011.

Above biomass Total biomass

r? Pvaue r? Pvalue
Shoot density 0.071 0.107 0.101 0.052
Shoot height 0.314 <0.001 0.263 0.001

0.01), 7](r=0.631, p<0.01)3} frof3k o A&

neleh 9 AAMS $FAe (r=0393, p<0.05)%
ola oke) AL waleh

5) MSZE U MEX 37ie MEato| B

dd Ab7r] gk AmEEe] AsdxE 9
719} e AAS B A AR AE
AP Wse s =R A Aol A7HA
(r’=0.314, P< 0.001)¢] uFdxo] WE= 9o},
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A Abm AdellMe AR, A7,
ArE 3Fo] EFeH AHm] At MEFELS
EAetA gx TdFo= Pyl FHH 2ot
AT A B 23] 2= A AR 234 sk
M RE] z3 A 25m7HR] Z8slow, AL
Aok A 74 24 Bx (745,397 M) S d}4lt).

ArE e Aoz de] Hxsls $gFow o
217 <)o} (Short et al., 2001). #wWe]e HAZE =3
o} FAfell oJsf WAk ohd A s zolot A4 Ao u}
2t Avd Y Sk FAE Relste] kA7t
= QNS FAste NEE F QA vhA= 4
A BAAS Bol7= g (Santamaria-Gallegos et
al., 2000; Lee, 2008). 3d Abw] kel Az
LA A AR Ak oA AAAH

Bolot =3 s AR Aok A e

%7‘, MARE, A& A 52 741”01] w2} f
Bolow, dj i 2ol gl ¥ te] et
?5°ﬂ 2 ghe] vepd s "]"r“] At A
AAAE 44X 64 Ate] AH o= Z¥s}

32 2 30 1o o g
#-‘%Hrﬁi
il

AEA 279} gge) AHL HES $EF
(Koch and Beer, 1996; Vermaat and Verhagen, 1996;
Moore et al., 1997), == (Philillips et al., 1983; Orth and
Moore, 1986; Meling-Lopez and |barra-Obando, 1999;
Lee et al., 2005q), °3<F3 (Udy and Dennison, 1997) o]
F2 wunt euAdelA sxe) 44, AEF, B
A9 ol o5t gael 2o 2 ol
Z7Vsle, 743 ALl 74" (Philillipset al., 1983;
Orth and Moore, 1986; Vermaat and Verhagen, 1996). £
ATl A L, R, 7] HEke 2R 23
£ o] T AWTE Balon, 3 o 5ol
7¥eb, 73t Aol ZaE s

s Abm] Aok AmeEE AR B2 g
A3} Avea AAEA (HA Aeo], ASEE, F A
%, Ao AAEE, oo A9 ARAde EAE

FEAFRT 0] Wt oS FA oS v
o=z et} (Wetzel and Penhale, 1983; Lee an
Duntion, 2000; L ee, 2008).

G20 Wa} Ave 9o el mAE 93
& BT AT o) 15~20CL H Aol 71
Eghom, s0] 25°C o4 el 899 A% A

oﬁ,
Q_ rlo ruﬁ we fo olN |

Oq:

b

>
o

Aol FA3] FAaH G A5l AnEe 3
e, AEF, 4o AAe] Faste AL =
2 qlate] e A e 2w 243 -
v} (Marsh et al., 1986; Sfriso and Ghetti, 1998; Lee et
al., 20053). o|2|3 WA 5o Wste] whe sz
P wFe) v g Wste) Ao] glom, dudow
oA s ze] FAS Ao U govt &
F43) Z7hsted Al Aty B g
w3, oo Aol 445}

t sz A3 HHeEE 15~20°C, ok ¥ v
Aipel MM Sz Pge) HHert 25~31°C Y
o)z waElt(Leeet al., 2007). £ FAlo A 23}
7)e2) Wk 20119 19 w)$ W) veptow (48
AHF 44°C, 71 AF —6.2°C), Aviel T A=A
7] 5 AAEA =3 20119 19 w)§ 2L ghel o}
eht Arjelne] Age A5eole Aol AsE ¥
= o= FtEo

TFRF] M3 2 o3t powste) vig 9
A AA[/A} 9lom, 53] A =x9071 s7F e Azt
Hol WAshe 23t oj gl F7hska sivt gl A7)l
WS Fhes Agd i Adew vepdh
(Fig. 4). 2A712F B¢t & wAgepe] Wz Haa
AR FE Jepisde 4 933 JJJL%}" 2011
J 69 34 856mol m2day to]gly, 94
o] e 20114 64 (36. 51 mol m?)e] 7}A g_-;—:,z,
20104 124 (0.21mol m?)e] 7} e 718 woloh
dubq oz Awede] Z3haeF (Hey)> 100~200
umol m2 ste]m (Dennison, 1987), E3}43Fo| 3=
25~4X 7t oA & FFHE oz FA s (Denni-
son and Albert, 1986; Zimmerman et al., 1989; Kraemer
and Albert, 1993). 3l g A1) Aol A o A FaF
Qi w22 Aoz Ao AR §
o, Agd s, A, Ao A% =AM AES A
of Aol gl Ao pREs, AREAA Al
u}o] Qlo] AJAA & Szsdekal o 0]g} oko] A}FhA) (r—
0.393, P<0.05)0] gl ZAoz Yeh} Agtaglom
z]—.g_—a}_‘:_ 74_04 oF 2 9}04,;}_

mebd, A7k Wshe] me A ARy
Go3h A gee] MAYEE A FT Agel ABAY
& e Aoz ekt 240 €3 593k
weh sFgade] e st Aol B o
F& e Aoz vehd Age] 4 2ol AT
#72700] YHHE Aoz Aludt
weig AE fo o) 4

e,

o

FlO ot

=
Ry
7 Z

L‘i

o, 10-1

> O
H «

(Barber and Behrens, 1985).
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4] (r=0.647, P<0.01)¢] 9= 7oz vehty, 9o
AL S = (r=0.536, P<0.01) ¥ A& (r=
0.387, P<0.05)3} 23t oFo] el sl ez
Rt oo A mel A A Helre A
U 9 AEFI R e] 22 Aoz vElydth

o8 AFAES A s 2o A AEFS] A
AHFS T2 ASEE] AlEAY 7| mEdx
W =9t} (Sfriso and Ghetti, 1998; Laugier et al.,
1999; Guidetti et al., 2002). =3}, =7)7} 22 22 A
S E9} AEA Y] =277} F2 RledEE vk =277}
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