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The growth and population dynamics of eelgrass (Zostera marina) due to changes in sediment composition
were examined in the lower intertidal zone of the Seomjin Estuary, Korea. We surveyed environmental factors
such as water temperature, underwater irradiance, main types and organic content of sediment, tidal exposure,
and nutrient concentrations in the water column and sediment pore water, in relation to the shoot density, bio-
mass, morphological characteristics, and growth of Z. marina inhabiting lower intertidal zones. The survey was
conducted monthly from May to December of 2004 and 2009. The water temperature showed obvious seasonal
trends in both study years. Underwater irradiance was significantly higher in 2009 than in 2004. Tidal exposure
was not significantly different between 2004 and 2009. The sediment was muddy-sand in 2004 but became
sandy and with a significantly lower organic content in 2009. Water column NH," concentrations were signifi-
cantly higher in 2004 than in 2009. Sediment pore water NO;” + NO,™ concentrations were significantly higher
in 2009 than in 2004. Other nutrient concentrations did not differ significantly between 2004 and 2009. Morphologi-
cal characteristics, including eelgrass length and leaf width were significantly lower in 2009 than in 2004. Eelgrass
shoot height, leaf length, and sheath length showed typical seasonal patterns, increasing in early summer and
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decreasing in autumn, in both years. Vegetative shoot density was not significantly different between 2004 and
2009, while the biomass of individual plant parts and the total biomass were significantly lower in 2009. Eel-
grass leaf productivity did not differ between years, but leaf turnover time was significantly shorter in 2009 than
in 2004. Eelgrass downsizing and decreased turnover time in 2009 compared to 2004 indicate more effective
adaptations to the stress of long-term changes in sediment composition. Overall, results suggest that changes in
sediment composition can be a limiting factor for seagrass growth in the intertidal zone.
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ol s ER A A A
Nom, Ak 9l &+ A A Fagk s kil Urh(den
Hartog, 1970). &3)= 77| Fdw 2 ede4ds o AAst
3, 259 A e D B2 R 34 2 8
=9] AFRE WASH, B sl dm Sl AXAIE Algsto]
AMYENAIL] F thldE HESHE 98 $hoh(National Academy
of Sciences, 1975; Short and McRoy, 1984; Ward et al, 1984; Fonseca
and Fisher, 1986). 1211} vil§], slietaAl, dvad S 342 2
AR FEC® AA o] A Helx] Zu] A21x]7} 1gar 9l
UHLee and Lee, 2003; MOMATF, 2007). 3 s 8eiAllA =
SI7h A AEE F00 s 2] AAA9) gl e
el W2 ¢el7h AIE L Lo, AR 8] Bt} Belof tigh
o] ZloJ =31 Q) Th(Addy, 1947; Fonseca et al., 1996; Davis
and Short, 1997; Lee Long and Thom, 2001; Fonseca, 2007;
Park and Lee, 2007). 2] w24 9] dsta} 2] o] ez 545
afefsh= 2L Abe] #ul MAA] fejol] FpAlQl Map) d
A= Zlojet,

SEvEelE 9l vt Edska Qo 7 W AARE
B3l Q= 52 Aotk (Lee and Lee, 2003; Kim ef al.,
2009). S-gjvkEte] Aneld FE)E T2 k] Zakt] 4
2-3 mell W& A5 FAskaL Qlom, R} =2 doelx=
5m o] Z1e- oM e, WiEs 1ol A48k ]
SHoh(Lee and Lee, 2003). A2 22 44 FHl= T2 522
Wste] wet 2HEHLee ef al., 2007). FHFEO] ApFER= A
g2e] S e A5 SRk, TRt Asels A
3, oF 20 °CollM # &2 A4S HRIt(Lee ef al., 2004, 2005).
F2o| Asehd TEEC| FREE aste] o] =eA L,
30 °CellAE #]e] &S] 48] AetdtH(Lee ef al., 2007).
TR AnERe] A& Aol FEEE vIXH, An ]
I3 LS SlaliFe B3RS Q1% FES <] Yo dast
THDennison ef al., 1993). *1912]Q1 QRlou}, Az, A4 =2
9% 53 22 AR Qo7 FHYo] T HY
Ao AEEy) AYadL 78k Eok(Lee et al., 2007).
AA7IRE st H A o7Fe] Wo] TR ¢how Hul= Abdel
ot B3 Ayl 2 M E el dapiaiate A
e Slall TSt Fe] YU S LoE S A FE &
Fole YD st HEE el g AREH (INH,,
Arted oA (NOs+NOy i )41 (PO, Y & 7 UTK(Short,
1987; Short et al., 1990; Lee et al., 2007). WEpA ¥ 5= 2+

¥)o] S 2 e]lo] & = olvk. AnEEe] Aol &
g A= T2 ARMeA o] FolF AL, shel] UeRhR= A w e el
st 2k2+= - wiekst A7golch(Park et al, 2011).

AR sl w5l AHEE 7 SR Kim e al.,
2010). shH+= A&A 0w g7t fFYElo] 1 felwel wet
T, A, oy g FUt kel ujs) dEdog
EFdTH(Day ef al., 1989). 73O ZFE f1= B, G997 A
B FHES FodRs A EaEe] 24 g o
o] -zt AES S7MA 2] el JaEkE YFIvk(Day er al.,
1989; Koch, 2001; Park et al., 2011). 3], A% sl ¢
71t | el 2 ot w5l flo® =2] SRo] ek F
A9 olFo|Lt sgo] WekA|A| Fo] E4E Ao wWEo] I
ofupm, o]3tel] AAleh= A d wefA] o] ARl FEE v
2 9t} A5 AEE AEAS FRES 71 o
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tidal regime)i= RFL5Z(semi-diurnal)® ©F 3 mo]th(Kim et al.,
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Fig. 1. Location of the study site in the lower intertidal zone of Seomjin Estuary on the south coast of the Korean peninsula.
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SEHE 129704 R BASISITE g ZARg A A
(StowAway Tidbit® temperature data logger, Onset computer, USA)
£ AAste] W) 158 1A R SAsiglon, S4dE & €
HE o 2 YEFH A tH(Lee ef al., 2004, 2005, 2007; Kim ef al.,
2013). ZAPIZE B9t 58S AP st A <o)
A= 474 oll HOBO Z%A](Onset Computer Corp., Bourne,
MA, USA)E x5l 1] 158 7t 02 4319t} HOBO =
TAE 4% X (lumens-ft2)= & Al7Fl LI-1400 Hlo]E] &
719} LI-193SA 733414 (LI-COR, Inc., Lincoln, NE, USA)Z
A9 FA9ke] 37T Fste] 9445 (PFD: mol photons
m2dhHe g2 Weste] €7 o2 YJERSItH(Lee ef al., 2005,
2007). =F ZAF el Y7 AWEd Qo] Xk
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AHHC S Yol
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Aoz BAS ek 40 Bk 2 AlHA QA= AFA
7ol DY oR vlg] FAIE Dol H|ojAd| A B & ¢
3] fxste] AEFAE FeIsh o] T gks 23 el
et AR5 Al H4E A4S Yehls Fi Q1% (mean
grain size, Mz)= Folk and Ward(1957)2] AlxHA]-& o] 838lo] -
sloch HAE & 7158 S HAE 5 AR 2F 20 g2 vlo]A
ol Ax7]el Wil 110 °CollX] 2413 A3 5 ARE 37 &
Hlo] =7l got FAE S4stal, o A7|Zel| ol 550 °C
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Aol FejzAl= 1070419 Aveee AFH s o &
(number of leaves), & Z(leaf width), 3% Z©](sheath length), 2!
Zo](leaf length) = 7l 7](shoot height) 5-& 7433 TH(Lee
et al., 2004, 2005; Kim et al., 2010, 2013). 2] 2e] 2w =
27 20 em AF WPl AMYsk= AATE S7dsto] 98
Ath(Lee ef al., 2005; Kim ef al.,, 2010, 2013). &2 &7 1
AT G-go] AR ool kil Wykshar, Az 79}
SR FAAE U EAE 55 AAS & ARl AsHE
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3}ATHLee ef al., 2004, 2005; Kim er al., 2010, 2013).
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ol Amee] Babde 543171 flato] 2A7IRE 51F blade
marking technique(Zieman, 1974; Kentula and Mclntire, 1986;
Lee and Dunton, 2000y ©]-8-3l0] 2] IS vigd S35}
WAk AdAGA 10-1570A ol G7tER- vsa o838l &
(sheath)ell 785 & the, ¢F 47 Sl AHsHAc AHAS 7
A MZE A=t F-(new leaf) 2} 71 Fi-(old leaf) O F -5}
60°C Az7|oA AFA7F AZA K (Lee ef al., 2004, 2005;
Kim et al., 2010, 2013). Z}7}e] A55-S S48, o|gA =
A gho= JA & olF a3t ALk (mg dry weight sht? d)}
AL TS Foto] GHA Y sk 5t ALk (g dry weight
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Fig. 2. Seasonal variations in the water temperature (a) and average
daily photon flux density (b) measured underwater at the canopy
level (c) observed frequency (hours) of low-tidal exposure of the
Zostera marina bed in the lower intertidal zone of Seomjin Estuary
on the south coast of the Korean peninsula in 2004 and 2009.
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Fro)at Al A VrER U (rtest, p<0.001; Fig. 2a). 5 FH
2004'A o= 3t 9.7+0.8 mol photons m>day'ZA] 9L of 2 #
7.0 mol photons m? day'llA] 5€l #3 13.5 mol photons m™
day'Z 715 =03, 2009391 Ht 14.3£1.8 mol photons m?
day'Z= 4 99 A 8.4 mol photons m? day'A] 5€el F a1
25.1 mol photons m? day' = 7] 5% 0] 2004 2 2009 =F 5¢
o]% 7kt 99 o) E7} 8H9la, 2009%10] 2004 Rk
el =2 43S Bl (-test, p<0.05; Fig. 2b). == Al
7H8- 200439 H 12.6+4.2(1.0-31.0) hours month'©] 3 17,
2009'd 0= H i 5.0£1.1(2.0-12.0) hours month Z 20043 =}
2009l -2)3k Apol= FATH-test, p=0.116; Fig. 2c).

EZ AR QA Aul 2004dd0)] 2= Bt 87.1%(85.4-
88.3%), NEE= I 7.0%(6.2-7.9%), FEE FH 6.0%(5.5-
6.8%)°11 3L, 20090l Eel= i 95.5%(94.9-96.0%), HE=
ST 2.9%(2.6-3.1%), FEE 1 1.6%(1.4-2.2%)° 130t w2, %
= H4E9 g nlwa] B 200433 200999] £ Ao
A= AEE atol= fllo, s AP ek et
20041e] YrpEel A 200900 AFE eRt BlAE A W
ol UASITH(Table 1). B4 =2] f71& 3] 45 20040l
it 2.4%(1.6-3.1%), 2009 A= H1F 1.4%(1.2-1.8%)= LFebsk
thFig. 3). E14=9] =8t 715 &= vlwsl] & = 20094
o] 2004 Rl Arjdgo R 2SI, A7E FHE w2 i
= HITh ZAPIRE ERF AR FRleA BF =2 2 F
A WskE MLTM(2010)2] 3¢ TAIAl F5AT0x B2
el gl BES w3sle] 7807 AATFAEES o 3%
Sle] Zake] Z2H) sl 20003 5E HHE 89 XA
5.9 mme] o] Uofwtar, 2000 82 ZHE] 112 T 71K 9.3
mm7} FAE 0 2009 1€ F5HE 20108 12 2ol
10.9 mm7} B &Eo] ZAPIRE B8t 717} st 323 BlFo] &
WAl dofutar QISITHFig. 4).

T 4 T NH, 559 75 20040l Bt 46402 pM=
A 8ol A 24 uM, 9ol FH 11 69 uM] 1L, 20093 = HF
3.8+0.3 uMEA] 12€0] A4 2.4 pM, 520 il 5.5 uME 2009
ol 2004 BT} F2oakA W T ghe B TH(#test, p<0.05;
Fig. 5a). NO;+NO, 5=2] 7-$- 200431 H1t 94403 uM=A
8o A 39 uM, 9Ll H1L 27.9 pMoI AL, 2009l = HF
8.5+0.5 yMZA 62 HA 32 uM, 5€ FH 121 pM=E
200433} 200930 -2]8t 21o]7F $1%TH(-test, p=0.491; Fig.
5b). PO 5522 74 20043 o= H1t 0.8+0.0 pMZA] 9€ ol HA
0.50 pM, 82l #3L 1.2 pMelL3L, 20091 it 0.7+0.1 pM=
A 620l A 03 uM, 7€l il 12 pME 200433} 2009 Holl=
fFolet xFol7F A TH(t-test, p=0.170; Fig. 5c).

HAE 3359 9% = NH, 559 4% 2004d00= H
21543 uM=EA] 520 FHA 202 uM, 122 L 235 uMoI 3L,
200930l = B3 191417 pMEA] 11200l HA 111 pM, 690l 1
331 pME 20043 2 2009 ol = 28 2ol 1% Th(r-test,
p=0.181; Fig. 5d). NO;+NO, 552 7% 2004d°|= Ht
5606 pMZA] 590l A 1.4 uM, 62 H L 10.1 pMoI AT,
200930 FHt 15.8+1.2 uMEA 119 HA 9.6 uM, 581
a1 22,5 uMZ 200930] 2004 BT} FoJ8 L FE ghe
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Table 1. Mean values and ranges of physical and chemical parameters, shoot density, biomass, morphology, and leaf productivity of eelgrass
at the study site in the intertidal zone of Seomjin Estuary on the south coast of the Korean peninsula from May to December of 2004 and 2009

respectively

2004 2009
Temperature (°C) 23.1(12.3-29.5) 20.7 (8.1-28.4)
Underwater irradiance (mol photons m? day™") 9.7 (7.0-13.5) 14.3 (8.4-25.1)

Exposure (hours month™)

Water column
NH," (uM)

NO; +NOj™ (uM)
PO, (M)

Sediment pore water
NH," (uM)

NO; + NO; (uM)
PO, (LM)

Sediment type (%)
Sand
Silt
Clay

Organic content (%)

Shoot density (shoots m?)
Vegetative shoot density
Reproductive shoot density

Biomass
Leaf biomass (g DW m™?)
Below-ground biomass (g DW m™)
Total biomass (g DW m?)
Ab/be ratio per biomass

Shoot morphology
Shoot height (cm)

Leaf length (cm)

Sheath length (cm)

Blade width (mm)

Number of leaves per shoot
Ab/be ratio per shoot

Production
Leaf productivity (mg DW shoot™ day™)
Areal leaf productivity (g DW m? day™)
Relative growth rate (g g’ day™)
Leaf turnover time (days)

12.6 (1.0-31.0)

4.6 (2.4-6.9)
9.4 (3.9-27.9)
0.8 (0.5-1.2)

215 (202-235)
5.6 (1.4-10.1)
1.5 (1.0-2.8)

87.1 (85.4-88.3)
7.0 (6.2-7.9)
6.0 (5.5-6.8)
2.4 (1.6-3.1)

203 (135-374)
99.5 (95.5-104)

271 (121-488)
66.2 (44.2-89.6)
337 (179-578)
4.0(1.6-5.7)

118 (73.0-179.8)
90.3 (54.9-139.1)
27.2(15.0-41.3)
10.3 (9.7-11.1)
5.1 (4.5-5.8)
5.0 (3.9-6.7)

28.9 (13.5-44.9)
4.7 (1.9-10.0)

0.022 (0.016-0.024)

47.6 (42.3-62.9)

5.0 (2.0-12.0)

3.8 (2.4-5.5)
8.5 (3.2-12.1)
0.7 (0.3-1.2)

191 (111-331)
15.8 (9.6-22.5)
2.5(0.6-7.7)

95.5 (94.9-96.0)
2.9 (2.6-3.1)
1.6 (1.4-2.2)
1.4 (1.2-1.8)

202 (127-302)
39.8

62.1(19.8-119.6)
18.7 (9.0-24.1)
80.8 (28.8-143.4)
3.3(1.7-6.0)

87.2(57.2-128.3)
67.8 (44.9-100.2)
19.4 (9.9-28.2)
8.7 (7.0-10.2)
4.6 (3.9-6.0)
4.5(3.8-5.3)

22.3 (10.3-47.5)
5.0 (1.4-11.9)

0.026 (0.022-0.029)

38.7 (34.8-46.2)

1 UK (rtest, p<0.001; Fig. 5e). PO, 552 7% 200430l= H
1.5£0.1 pMEA] 8€ell 1.0 uM HA, €]l L 2.8 uMe| L,
2009 d0ll= et 2.5£0.6 pMEA] 7240 0.6 uM HA, 11€¢] =]
3 7.7 pME 2004332 2009300 #2138 2ol QI TH(r-test,
p=0.157; Fig. 5%).

ki

HHE 2| e, = H W=ST

AufElde] Gl 54 5 7N 71 2004 B 118+5 cmzA]
102 4] 73.0 cm, 68 1L 180 cm®] 31 aL, 2009 H
872434 cm=A] 12800 4] 572 em, 6€¢] 11 128 cm= o=
MA 717} F7Rlet ola2 7130 AA8] sk Al A
e Hoom, 2000610] 20049 Rt f2lEHA A 717F A9k

THANOVA, p<0.001; Fig. 6a). & o= 2004 333 90.343.9 cm®

A 10200 HA 549 cm, 6Eel H I 139 cm©] T, 2009 T
67.8+2.6 cmzA] 1080 HA 44.9 cm, 62 I 100 cm= &
o= &l o7t ksl o5& 71 0% A8 fhashe A
S B on, 2009d0] 20043 B} oA o o)z} 2+
SFTHANOVA, p<0.001; Fig. 6b). 9% Zo]9] 7% 2004+
Hit 27.2+41.2 emEA 12€0] HA 15.0 em, 7€) 2 41.3 cm
o)L, 20090l H 19.4+0.8 cmEA] 1229 HA 9.9 cm,
6l 1l 282 emE Foll= & Aot TR AA5S 7]
Aow AA3] Hashs A AEE B3.0m, 2009d0] 20041
Hoh FosH 9% dol7l ZUTHANOVA, p<0.001; Fig. 6¢). &
Z0] A2 2004d0= HH 10340.1 mm=A] 11897} 129 HA
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water (d, e, f) nutrient concentrations at Zostera marina bed in the
lower intertidal zone of Seomjin Estuary on the south coast of the
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2009 (white bars). Values represent means = SE (n=4-6).
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