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Spatial Distribution and Ecological Characteristics
of Zostera marina and Zostera japonica in the Seomjin Estuary
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Among common estuarine submerged plants, seagrasses are the most extensively studied due to their ecological
importance in estuarine ecosystems. Seagrass meadows are important biological habitats for a wide variety
of marine animals and plants. They are a source of organic carbon for commercially important animals.
Furthermore, seagrasses act as nutrient filters in estuarine and coastal marine ecosystems. As such, mapping
the distribution of seagrass beds is important for management and conservation strategies. In order to survey
the seagrass distribution within the Seomjin Estuary, We directly observed seagrass beds in Kwangyang
and Hadong using SCUBA. The distribution area, species composition, morphology, density, biomass and
productivity of seagrass meadows were examined. Seagrass meadows were distributed in the intertidal and
subtidal zones of the Galsa tidal flats, and in the subtidal zone of the neighboring POSCO area. Patches
of Zostera japonica was found at patches at the Galsa tidal flats intermediate point., The total estimated
seagrass distribution area of the Seomjin Estuary was 1.84 km’. Of the total, 1.83 km® was Zostera marina
(eelgrass) and 0.01 km’ was Zostera japonica (dwarf eelgrass). Zostera japonica was found in intertidal
zones. Zostera marina was found from the intertidal to subtidal zones at a 2 m mean sea level (MSL)
depth. The leaf productivit]y of Zostera marina was 4.47g DW m™ day”. The annual production of eelgrass
was 1,632 g DW m” yr, which corresponds to 731g C m” yr'l. The total production of eelgrass was
3,002 tons DW yr', which corresponds to 1,343 tons C yr .
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ground) R AFEG O R o] &F T} (Hovel et al., 2002; Kim et
al., 2009c).
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AHE-E T} (McKenzie et al., 2001). - A oA =54
APERS ARESte] Zule] Wy dEE 548 2AMSY
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g, IE?LTEH AES Beste 7ss 27| e vt
(Texas Parks and Wildlife Department, 1999; Florida Fish and
Wildlife Conservation Commission, 2003). %17 3}l A
aw) Aol AEA AN Bre) AAE A% e
of B¥sly 9t FAujo] B 3 U e EAo sk
B 247 D5 Aelth, Wb B ATl s 447§
T &y AR BE WH x4, e, AR,

ol

g% o0 mx XN
:lm nt ol rﬁ
>rJ rﬂ

X

=

=1

¢
NS
o
ol
—U
o.\‘l b

|
= 1=
Aeds adez A4z sk dyle] B #2

9 AEE 542 serstad sl
ERE
A3 AA BE W L F2A

AR e 2y A xAbs Pt s T o Eeiel
AR e 2] A fFE RS Este] A

Fqom, A% afqtell AAsAL 9=
TS AL AR kel AR
Akl ZFj o] B3 2009 5E 27| E 7
i SCUBAZE ©]§3 FH{ZZ GPS (Garmin 60 CSx,
Taiwan)E ©]&a}e] ZAMSIaL, GPSY 7|12 % 9w¢ AEE
Edig ofge] 229 (MOMAF, 2003)9] AAHAI =S &
3 97t A3k BE WHE FANAY (Fig. 1). 29
TAAL AR Agstel ARE A & AP AlA FRlst

=
k.

23 4449 BA5
v A4 87 5
o], 2AHE A} A 7blol A i ol
AW (Zostera japonica) 17373 (St. )2 A 2E (Zostera
marina)®©] AAs= 2] Q1 St 2 & St 394 FANES

sttt (Fig. 2).

T2, G2 oA FAZA7] (YSI 85, USA)Z 574
it a2 HAw T d¥dT vk, 93 E
U= = °71“ dFS SAE] St AN AES
cm, Aol 13 ecme] F4 A&

WDA SFE 3,000 rpm
oA 207 dAEste] FEF F 045 um T IA =
ofzkate] 4] Al 7HA] 20ToA Yaradnt sl 3 4
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B 3359 dEEY (NH-N), ob22kd (NO,-N) + &4k
(NOy-N) & ¢14kd (PO, -P)ys et T4 FgS o] &3lo]
=439t (MOMAF, 2005). Y% #2412 <F 5 go] B4 %
ANBE 10%Y g2 HC)F 6% FAstFA2F (H0)E
gardy §7128 zﬂﬂ oh A ( 3 um~2 mm)a sﬂ
A2 AAste] A A5l g ks
(%)= 4&141040111,17‘:34?1 HAHE = :
HAE F 575 e 550ColA] 2417 B2t HE & 5
22 AAHEIT (MOMAF, 2005).
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Aol o] Fej A 2009 59 ZI 5 109 A A EE
S AASA o9 7, A F Jx dol H A G ol
55 A3t} (Fig. 2, St. 1~St. 3; Lee et al., 2003, 2005;
Kim et al, 2009b). 23] 9] AL T o 7] Avjg] o] 7S
2174 10 ecm corer (n=4, Kaldy, 2006; Kim et al., 2009b), 3 €7}
oo s F AN DY A9 A7 20 em 9 W Ul
sk NAFE AT (n=4, Lee et al., 2005; Kim et
al, 2009b). 7} W U] A3 2 AFske] dLSo] AYH o}o
ko] Baste], AEAR Thx el gE AR 9 g
AE 55 AAS 3, ASH-eF A= 2234 60Coll A
ko = w7k A8kl (Lee et al., 2003, 2005; Kim
et al, 2009b) Zt7+e] S-S SASG L, o] & EUE T
WA AEZF (g DW m)S A8 (Lee et al., 2003,
2005; Kim et al., 2009b).
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=49 gho® A G s St ALtE ¥ (mg DW sht!
dl)% TR AL, AARES weto] b9 WY Ho dd
Y2k (@ DW m” d) 2 o) \Hd Hat Az A (g
DW m” yr)& Altstdon, & WAE Fato] T A4 WA
3 At (ton DW yr')S Habaloit
EAREA

Awgldt olo] izl AL g A 4AE 23
slo], RAMES AAsla T4 Ax T BEHste] dA-A=
£217] (BuroEA-Isoprime IRMS, GV instruments, UK)Z 574
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Foll FafFo] Bag (g C m? yr)o 2 FAsit) BARA

Awede] e, 4= @ AEZ 7‘/\]- 2} 5 normality
9} homogeneity of varianceS 7743k & one-way ANOVAE
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Fig. 1. Mapping of distributional areas of the seagrass species in the Seomjin Estuary. Seagrass survey was conducted

in May 2009.
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Fig. 2. Seagrass survey area. Seagrasses observed in dotted area in the Seomjin Estuary. Stational points (St. 1~St. 3) indicate
sampling sites for morphology, density and biomass of seagrasses and environmental factors.
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AR e Za] AR E2 1A 2 T2
A7 Be] Au)s A A o] 27bell A at,
L AEA o] ool EAESATE Ari e 2L A
7 SH-E-H 23k A 2 meF E2F ISA| S 3t
FA 2 m7HA WA BEIAY S o] Fo] RS L,
7 A B Te AAF A ] Z7k ol patch FE| 2 Y3
AT} (Table 1, Fig. 1). A2 al7-9] 23] Bxwle v

.
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BN

Y& (Zostera marina)©] 1.83 km*©. 24 ¥ WAL 2}1#] 8}
QL N7 AN L (Zostera japonica)yS °F 0.01 km’= ZAHE
o A% Sl AAsHE ) BEWAL 184 kol 9Tk

zhu) zpA A o] 854

22 20.1~20.4Co) 5L, A2 18.2~29.9 psu ML ATH
A7 attell Ede 2% A ds 2t e
Ao QAL BE HHlA 95%0]/de] AbHol3laL
(Fig. 3A, B), 1715 932 1.5~1.7%2 FA13HA Uebsoh
(Fig. 4).
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Sediment composition (A~B) at the study sites. Sediment samples were collected at the study site in May 2009.
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Fig. 4. Sediment organic content (A~B) at the study sites. Sediment samples were collected at the study site in May 2009.

Table 1. Seagrass species and distributional area occurred
in the Seomjin Estuary. Depth was expressed as MSL (mean
sea level). Seagrass survey was conducted in May 2009

Depth

Position Area

Species (m?) (type of meadow)
, , intertidal
A Zostera japonica 6,100 (Patch)
. intertidal~1.5 m
B Zostera marina 990,100 (Bed)
C Zostera marina 825,600 intertidal~2.0 m
(Bed)
. 1.0~2.0m
D Zostera marina 9,400 (Patch)
. 1.0m
E Zostera marina 8,100 (Patch)
AR &7 29 A A kS,
FEE 03~09 M B39, IEFY 5= 4.1~7.0 M
Hej o, oldid+dAald w5 3.2~53 M HYE U
Elsttl (Fig. 5A, B, ). 32 3349 dU4AF & <Aid

[¢]
2= 0.7~0.8 WM I, HEFY FEE 92~208 WM
Hepglon, opdatd+d it TR 14.6~22.5 WM W=

ekt (Fig. 5D, E, F).

;d—j,q_%.g] EHXJ lE_T/\

of 71 AW ee] Fg- o] 2= 2-37), Yo FL& 1440.1
mm, §%9 Hd Aol 53403 cm, ANE H dole
24.4+1.8 cm@ T} (Fig. 6A, B, C, D). Z1vg]Z¢] 3 e)d}z]
EAS AFEY 99 FE 467, Ao EL 9.1~10.2 mm,
AR et ol 117~175 emEA] A £-93F xjo] =
B3 o1} (ANOVA, P<0.005, Fig. 6E, F, H), 9x9] H+t
4ol 28~32 emEA GAE Frofgh 2polE HolA gt
(ANOVA, P=0.105, Fig. 6G).

Zra) g AAEE 9 AETF

AL AAEE D BEF T AL EE 1,027
shoot m”& WERGHI, & BEF 65 g DW m”, A5 A&
39 ¢ DW m? 2 A&H5 AL 26 ¢ DW m>0 2 LrElyith
(Fig. 7A, B, C, D).

A el AAEE D AEFHFT AFAEEE 231~239
shoot m™? (ANOVA, P=0.835, Fig. 7E) @ A &}% AEZFS
1933 ¢ DW m” (ANOVA, P=0.102, Fig. TH)=A AH 9]
3k Apol & Holx| gFgton) F AEHLE 117214 g DW m™ Y

A AR A E-ES- 98-18] g DW m &A1 AAW 3k xo]|=
B3t (ANOVA, P<0.005, Fig. 7F, G).
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Fig. 5. Water column and sediment pore water nutrient concentrations at the study sites. Water column ammonia nitrogen
(A), phosphate phosphorus (B) and nitrate nitrogen + nitrite nitrogen (C), and sediment pore water ammonia nitrogen (D),
phosphate phosphorus (E) and nitrate nitrogen + nitrite nitrogen (F). Water column and sediment pore water samples were
collected at the study site in May 2009.
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Fig. 6. Morphological characteristics of the seagrasses occurred in the Seomjin Estuary. Number of leaves (A, E), leaf
width (B, F), sheath length (C, G) and shoot height (D, H). Seagrasses were collected at the study site in May 2009.
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Fig. 7. Vegetative shoot density (A, E), total biomass (B, F), above ground biomass (C, G) and below ground biomass
(D, H) of Zostera japonica and Zostera marina at the study sites in Seomjin Estuary. Shoot density and biomass surveys
were conducted in May 2009.
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Fig. 8. Seasonal changes of leaf productivity and areal leaf
productivity of the Zostera marina at the study site (St. 2)
in the Seomjin Estuary.

Table 2. Production of seagrass occurred in estuaries of the
Korean peninsula

Estuary
Seomjin  Nakdong* Youngsan**
0.51~11.95 0.67~14.02 0.97~2.89

Production

Areal leaf production

(g DW m? day™) (4.47) (4.73) (1.86)
Annual areal leaf production
(g DW m? yr') 1,632 1,726 679
Integrated annual leaf production
(t DW yr') 3,002 511 39.4
Annual areal leaf production
2 731 810 -
(g Cm*yr)
Integrated annual leaf production 1343 240 )
(t C yr') ’
* Park et al., 2009, ** MLTM, 2009.
ZEEFE IR
AR sk AdEEe A A 3.55-47.46
(19.92+1.26) mg sht” day' 2 69H-E] 7HAasle] 1€l A3k
< B w9 DMDF i dd AMES 051~11.95
(4.47£0.27) ¢ DW m” day'& 6~79 Z7131 o1}, 8Y o] %

Haste AEE Bl (Fig 8).

m” day' % 1,632 g DW m” yr'o|i & x4 WA o] 3t
AL 3,002 ton DW yr' & FAEHJct A7 3Fo) 4

AR Avelee) FL wa gt sk we) wHe
QA7 Bha AL T31g C m? yr'ol R, K17 57

Aol Arte = A e de] A7 gha TS 1,343
ton C yr'lo]‘}iﬁ} (Table 2).

I

59 sl Ulel IYAe Eeh,
Ao £AE HARE s AA A B4 el 01

23 A& F3lt} (National Academy of Sciences, 1975;

Short and McRoy, 1984; Ward et al., 1984; Fonseca and Fisher,

.o]zﬂz\é.o]:‘}/g

1986). &g 1oo]A T AL 108 ©]4e] A& Aitela,
B HFEEN FHFF5E] Hol, A, Abed 9 A5
& Alsste] 43 mie]o ofFof 53Nt npE] o] B FEE
o] MAgthal W% 3 9tk (Florida Fish and Wildlife
Conservation Commission, 2003). A Ej &3], =27 A 8F=] o
2 389 A9E BE Y wAs) AAE 2o B
WA F A ), A W 9 YEekS dold ga vl

RSk PY < v‘— [eX)
SaRA, S48 d

. , % "t
Z9 7| 5oz g FAy BX Wy 2A) st 28
A4 thol e ofgh 2= ARE w=go] Wol A8 EE

o] gl B3t Ay Exo) tid 3 JHE
A& 4 ATt (McKenzie et al., 2001).

Yoon (2006)> 4317 3f9] 7‘*} Z7 el wrEhs
o)F= AT FAWTFOR 2.7 km, FEYFOR 03
kme] TEE WA ¢F 081 km’E FAEATE B ATFo) A
ZA g ZAb a1 A EHE AW e e 101 km'E
A Yoon (2006)¢] 4 WA= 2folS BTy EAa3 9t

A o] zaltholl A EaL = AT LS 0.82 km'=
A7 s Avel e A E AL 1.83 km’o] ok HE3
A A 27 patch® Bl 2 AFAB s o) 7] A ] E 2
ok 0.01 km*o| At} Wb, A A7 aFoll A4y sk
P ZH B WAL 184 km’o| Q). 3588 A 4o}
PZE~ e F=Ro) At AANE AEde] FExHH

S Kim et al. (200822 0.09 km*] 7w 2]do] 2pAs= A
= EJ—O}‘%—Q—L}, FH a9 T ] = Eﬂﬂe =]
U= BFEA] 2A ARGl 9ste] A oR FHEFH
SCUBA ZAF A3} 3] AR 7F ¢hds] Alebxl Aol gRly]
Ak St Zu) AP E AL oF 5570 km’ o2 T
T otsh 1914wk ofste] Zu] ABA7F Al Ao
2 H3E3 9=t (Lee and Lee, 2003), A7 4+ &&=
2.6%2] WE I o] FAH JSS & F AU
A7 at-o] Aol sh7-5ol AAEA ek A s
Ho2A F&, FF, 72 L G W3t G Holojx] A4
RAEES 559 A5 FuE 253 v ZAF Ao 23t
5 o}TOHE WS WA Zulgo] EASt thgg A

FEAASFoR T 7EX7L ol §- =2 o= XA}
A

2 [o

i

O,

A de] 3%
SHA A *UPE} *1“ ?é*"* g ApAste] FHQ FET)
AgEAY FEHE FFS Bk

GukA o & o 7| A LS YA giRE A2, A
e A B YaRE Aaehs o R dEA e
o, A7 s AmEds 29 239 YEFRGLS 95% o
o] Ao MAstE Ao R YEFGT (Kim et al., 2009b).
718 TS A 3 5 17% ©)5t= L}E}MJ:L
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A o] AAEaL AT SHNL shalwk 2 aad vhel] v]a)
o] W& g8 BT} (Lee et al, 2003; Kim et al., 2009b).
35 A AF F QA oA To] AAsHE 23t
ol A 0.92 Mz 53 akel] Hlgte] £ TS Bon
(Kim et al., 2009b), UEFHL 7AW o] AAs}=
z7r ek A o] s ZAb Ao 23 &k 2
Zatthell A o] = A Fde] @ s Holal, £ Q1
2] oM E S FTES 4
FIARFT AT AR FEALS TRl Rt 3 5

=

H| 5l 2~3u) E& FES HATH (Lee et al, 2003; Kim
et al., 2009b).

Zylo] Jejy B4, AEE 2 AEFS FEXAH
2 Fo| wEbd ks FeE vebdoh Avede] A
A ot Ao, dxe Hat do], Ao 9 AU ==
B AL} fFALEE A7) 5ol 2AbE vheknk WEnE 2
58] 73 FARSESITE (Kim et al,, 2008b; Kim et al.,
2009b). o 71 AW 2l Ee] g B FAReE AR A17]91 590
ZAFD AA o 2 S3ke)] u]ate] x4 H o), A%
o] 4t Ao, ¢le] Fo] Agta, AL EE e s Bl
(Lee et al., 2006; Kim et al., 2009D).

RAEFS B Avjede] A9 A, Ak 94 F A=
o] T 9o Ak 7hube, AEnk @ Sk 1o e g
BT} (Kim et al., 2008b; Kim et al., 2009b). 7] A ™ 2] &<]
AR, Aok 2 FAEZFE Tl A AA tho 2
ST B 953 W3S BT (Lee et al, 2006; Kim
et al., 2009b).

s Ao G A Y A Ak AW St 447
g DW m” day'24 9417} 312] 1.86 ¢ DW m” day' H.t}=
=31, G5 8449 473 g DW m” day' 9} SAFeHAl 2ARE 9L
o} (MLTM, 2009; Park et al., 2009; Table 2). ¥$] W22
AZF Bk AAEE AW S 731 g C m”oyr' 9 B
S 810 g C m” yr' 2 H]2E i) e, F Aol gt
Az vk F Ak A7 3H7F 1,343 ton C yr'o] QAL
Y57 a7F 240 ton C yr' 2 AR sl A AakE] =
23] o] EhadFo] & Ao R UERT (Park et al., 2009;
Table 2). ] T5 55 &9% (Orman reefs) 5ol A
2= 1059 2o digh @9 WA A7F w@hA Ak
434 g C m” yr' (Rasheed et al., 2008), 53+ 7] =2}o]r}e]
A del 9% Ho G WAHT A w@A AL 329
g Cm? yr'oll B8] A ZAE AT (Penhale, 1977). ¥ A}
713ko] A FHE AL/AE 2] Aol vt A7
AL o] o)A 7H A o] e E 7|ibE 2EEith
A 2ol 9] WA AF AR 2 Ao Ha) 1}
AN =& Aow FAHHAT

280l AT Slehe 4217 el 2l A
7

m
kel
e
o
=

= Ve AHer s Y] (ddrIdE, e8I
o s, T4 (HA7IdE, HEH7] o s =1, &
Moy, e Fa% Heol ALz o] gHal 9,
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A

Aol A A E ol2s Be HYBESC] 48]
ol A5 R HroE W S £ (Ranwell
and Downing, 1959; Cultural Heritage Administration, 2006;
Desmonts, 2009). YA Aafote] QA 5L dEH o=
Zostera marina's AF I N Ty TAE doH, F
Al ol EXEL F e S24& T Ha, &
veh AR Bl EAj ] wol, A5 AT, g FXIA|=A ARE-St
St} (Felger and Moster, 1973; National Academy of Sciences,
1975).

Costanza et al. (1997)> Z XG4 g2 7HAE o=
UER =T, 91%F 1 haT dlFe] F 71X $577 ha! yr' 2
slgpe] 7bA 8252 ha' yr'sh @A9ke] 7EA] 84,052 ha yr'E
B AEkaL 9tk 53], Agke] 71| F 8ol 7hAl = $22,832
ha yr' TEE $4,110 x 109 yr' o]x, 23] AL A=
$19,004 ha” yr' =& $3,801 x 10° yr'®EA 2] AE)A 9
7A| 7} skRe] F 7RA ©F v]s2gh ol JlTh

ua ZREchel] AL A= 2.7 x 10° oo A 9] o)<
o] ERETF AAlol AolA ofF Fad A B Fojold
o 7]odstar vk EIgo R Qg o] {F B HFo] FH
7FA= $1.24 x 107l @3kH, fojojde] AAA kA 7HA]
Z3E Az 1eo]A T oF $2.05 x 10%]t). o] & R
O AAZ B A Az Zug FAA TR E $5.54 x
107 ©14 5= Ao = 37150} (Florida Fish and Wildlife
Conservation Commission, 2003). B3k 23] <=o] Z A% 7}
£ 3% 2 FEAE, TFor| BEU|s T8 sl
AbEsh 19o] 7 o] MA T A7F $9 x 10828 x 10°9] A A
237t Jd= Aoz HIETE (Texas Parks and Wildlife
Department, 1999). 407 8h773= -2 vhel Aol A 2]
A4 WARo] A1 g Ao Fol s, 437k ek
Aoz A4 28 AHeta, B L £ o]4L ol
Sl o] 2855 Sl 919, Texas Parks and Wildlife Department
(1999)] AAA 714 2 a3= 1289 120092 ALls)
o] A% sk Zyell A& ATl 49~1539 0w FA S
B vk whEkA AR skge] fAke el sk
EE S FAEkEY 8% 7es "Eehal e Al

2 pac

A} A}

A= 42891 (RP-2010-ME-027) 2] Aol ¢
3 FFEAFULE AR B 535S & Sdogu
AAE wgA A e =Y
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